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More than 30 years after the birth of Louise Brown, the first child born as a result of in vitro 
fertilization, the practice of reproductive medicine has grown and evolved in a dramatic and 
profound fashion. Classical reproductive endocrinology and surgery remain important compo-
nents of clinical practice, but they are joined with major developments in the laboratory and 
clinic that have opened the doors of therapy to millions. Furthermore, the outlook for the 
future is stunning, including novel technologies that may facilitate quantum advances in the 
clinic and laboratory.

The advances made in the treatment of infertility have made the care of infertile patients 
more successful, rewarding, and exciting. However, management of the modern reproductive 
endocrinology and infertility clinic has become very complex. In addition to the medical and 
scientific knowledge necessary to manage a clinic and laboratory, the modern director must 
have an understanding of such disparate fields as marketing, accounting, management, and 
regulatory issues. It is impractical to obtain such a broad range of experience during a doctoral 
or fellowship program and difficult to follow the advances of each field through traditional 
methods. This book was developed to assist the practicing reproductive endocrinologist and/or 
laboratory director by providing an overview of relevant scientific, medical, and management 
issues in a single volume. While no book can cover everything associated with managing a 
reproductive endocrinology clinic and laboratory, we have enlisted experts from all relevant 
areas to provide concise, practical, and evidence based summaries of relevant topics. It is our 
hope that this resource will be of assistance to physicians and scientists engaged in this excit-
ing field of medicine.

Salt Lake City, UT Douglas T. Carrell, Ph.D., H.C.L.D
Salt Lake City, UT C. Matthew Peterson, M.D

Preface
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Abstract This chapter explores a few hallmarks of 
successful REI clinics and laboratories. While all clinics 
should fulfill minimal guidelines set for in government 
oversight and regulations, the successful laboratory will go 
beyond such guidelines to actively improve the quality 
of service provided to patients. Pursuit of a high level of 
success necessitates ongoing employee education, monitor-
ing and evaluation of patient outcomes, and a focus on the 
objectives set for the institution.

Keywords Leadership • Management • Quality assurance  
• Continuing education • Focus

1.1  Introduction

The definition of success – To laugh much; to win respect of 
intelligent persons and the affections of children; to earn the 
approbation of honest critics and endure the betrayal of false 
friends; to appreciate beauty; to find the best in others; to give 
one’s self; to leave the world a little better, whether by a healthy 
child, a garden patch, or a redeemed social condition; to have 
played and laughed with enthusiasm, and sung with exultation; 
to know even one life has breathed easier because you have 
lived – this is to have succeeded.

Ralph Waldo Emerson

The other chapters of this book are aimed at assisting an 
infertility clinic or laboratory director in understanding the 
clinical, scientific, business, and management principles 
necessary to establish and maintain a successful organiza-
tion. But, what is meant by a “successful organization”? 

Judging success, in our life or the lives of others, is commonly 
performed, but nebulous, difficult, and potentially dangerous. 
The task of defining a successful clinic and laboratory is no 
easier, and also fraught with danger. However, the definition 
of “success” quoted above should on one level reassure all 
infertility clinics that they are to a certain degree “successful” 
since every healthy baby born as a result of the clinic’s service 
has indeed caused “one life to breathe easier.” However, most 
would agree that truly successful infertility clinics and labora-
tories have important characteristics beyond pregnancies.

Each medical and laboratory director of an REI clinic has 
a distinct set of values that define his perception of a success-
ful clinic or laboratory, and the director’s values and percep-
tions likely differ from other directors. So, this chapter is not 
meant to be a blueprint, rather as a starting point for consid-
eration and discussion.

Perhaps, one of the major difficulties in defining a success-
ful laboratory and clinic is the misconception that success is 
defined by checking off a list of activities or achievements, 
analogous to a graduate receiving a diploma after completing 
a required list of coursework. However, there is no “certificate 
of success” for clinics and laboratories, nor is success 
bestowed as an honorary degree. Arthur Ashe, the respected 
tennis player and civil rights leader, has said, “Success is a 
journey, not a destination. The doing is often more important 
than the outcome.” In our opinion, establishing a successful 
clinic and laboratory is similar; destinations are defined, some 
common to all labs, and the journey is undertaken. However, 
as situations, regulations, personnel, technologies, and other 
factors change, new destinations are charted. Therefore, the 
success in the clinic and laboratory may be looked at as 
dependent on setting a good course and in the methods 
employed and the interactions of all during “the journey.”

The journey of becoming a successful clinical operation 
and laboratory contains distinct and necessary guideposts 
necessary to mark the journey. Such guideposts include com-
pliance with legal and regulatory mandates, accreditation, 
and employing good management principles, and other items. 
Below are a few brief characteristics that, in our opinion, are 
evident in all successful laboratories. The characteristics 

D.T. Carrell 
Departments of Surgery (Urology), Obstetrics and Gynecology,  
and Physiology, University of Utah School of Medicine,  
Salt Lake City, UT, USA

C.M. Peterson (*) 
Utah Center for Reproductive Medicine, Department of Obstetrics and 
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are provided as guideposts, with the inherent understanding 
that each clinic or lab’s priorities and circumstances affect 
the implementation of the characteristics. The list is not com-
plete, but rather a formulation of some essential characteris-
tics, and simple ideas to assist in the implementation of a 
successful clinic or laboratory. If there is one firm hallmark 
of successful people and organizations, it is the attempt to go 
beyond expectations. The successful team will be constantly 
looking for ways to improve and set new standards in these, 
and other, characteristics.

1.2  Successful Leadership Principles

There is a fundamental difference between leadership and 
management. Leadership has been defined as “…the art of 
persuading people to work toward a common goal [1].” 
However, a clinic or laboratory director relies on leadership 
in setting the expectations and goals of the institution. 
Leadership shapes the opinions and attitudes of a team of 
people dedicated to achieving common goals [2]. In short, a 
director sets a culture of success, mediocrity, or failure 
through his leadership.

Four approaches have commonly been used to describe 
and teach effective leadership. The first approach, the trait 
approach, is the most commonly considered method and 
involves defining characteristics of a successful leader [3]. 
Such characteristics would undoubtedly include integrity, 
character, communication skills, patience, passion, energy, 
vision, credibility, and maturity. According to this approach, 
the clinical and laboratory directors should continually assess 
and refine his skills to become more effective. This approach 
is useful and should be implemented, but it is apparent that 
other approaches to leadership are also required.

The behavior approach to leadership focuses on the man-
ner in which a person acts, particularly in times of stress or 
in situations relevant to the rest of the group [3]. The approach 
focuses more on the actions than on a defined set of charac-
teristics. This approach accentuates the “example” set by a 
director both in routine clinical and lab work, and in striving 
to move the norms of the operation to higher levels. IVF 
laboratory directors are often inundated with office work, but 
this approach highlights the need for a continual, positive 
presence in the lab itself. Clinical directors are most success-
ful when they grasp the day-to-day operational activities 
with patients, nursing, laboratory and management staff. The 
behavioral approach to defining leadership has resulted in 
the description of various leadership styles, such as authori-
tative, democratic, and laissez-faire, and others.

The situational approach to leadership maintains that each 
of these styles may be necessary in different situations [4]. 
This theory implies that a leader should be flexible and 

perceptive to the specific styles and techniques needed for 
different individuals or situations. In a sense, most effective 
leaders have learned this approach. A successful director will 
be authoritative on issues of critical importance, and will do 
so with the traits described earlier, but will learn that effec-
tive mentoring of staff also requires flexibility and patience.

It is important to note that leadership in the ART clinic 
and laboratory does not just come from the director, but also 
from supervisors, technicians, nurses, staff, referring physi-
cians, and possibly others. In fact, both positive and negative 
leadership may, and often is, exerted from a nonmanagerial 
staff member. This effect highlights the reciprocal approach 
to leadership and the need to consider the effect and feed-
back of others on the team and take actions to implement 
useful input and eliminate negative influences [5, 6]. For 
some, this is the most difficult part of leadership.

In summary, leadership consists in doing what needs to be 
done in the way it needs to be done. The styles and actions 
will vary dependent on the situation and personalities 
involved. Laboratory directors should never attempt to 
bluff or imitate other leaders, but instead cultivate positive 
characteristics skills, with sensitive application to specific 
situations. Lastly, the leader sets the goals and expectations 
and is the example in working toward their achievement.

1.3  Effective Management

Management can be defined as the implementation of processes 
necessary to keep an organization functioning properly. In the 
laboratory, this includes such diverse functions as budgeting, 
accounting, employment policies, organizational issues, and 
technical and scientific policies [7]. The management needs of 
ART clinics and laboratories vary depending on the size of the 
clinic, ownership arrangements, and the scope of services pro-
vided, but in any situation, successful laboratories contain sys-
tems that effectively manage the resources of the lab. An 
excellent review of many of these processes is found in this 
book in the chapter by Peterson and Hammoud.

Two keys to successful management of the both the clinic 
and the laboratory are organization and accountability. In 
most laboratories, it is imperative to have an organized, con-
sistent manager available to assist the lab director. While the 
director should set policies that assist in the mission of 
the laboratory, the manager is usually responsible for the day 
to day implementation of the policies [8]. The laboratory 
director assures that the policies are correctly implemented 
by oversight of the manager and supervisors, and by daily 
“hands on” involvement, but usually does not have the time 
to manage all situations personally. Likewise, clinical directors 
will make the most effective use of their time and expertise 
with a seasoned clinic manager.
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Leadership without management usually results in failure 
to achieve goals, and may also result in an increased propen-
sity of errors and problems. This highlights the importance 
of hiring a good manager/supervisor. Perhaps, no other per-
sonnel decision made will be as important as selecting a 
supervisor or manager to assist you in managing the labora-
tory. The traits that are most beneficial include organization, 
consistency, and dedication.

One tool that is of great help in managing the many com-
plex tasks and processes involved in managing the clinical 
enterprise and laboratory is accountability. Successful opera-
tions typically delegate responsibilities to all staff, and then 
demand accountability. This is done by an organized record 
keeping of projects and responsibilities coupled with group 
and private follow-up. The annual review of employees is 
invaluable in this regard, but more frequent follow-ups are 
also needed. Staff meetings and quality assurance meetings 
are also invaluable, but often simple “hallway reminders” are 
necessary. The good manager will be organized and consis-
tent in following-up on projects, while the good leader will 
recognize that different techniques and motivations are 
necessary for each situation.

1.4  Skill

While difficult to define, successful laboratories and clinical 
operations exhibit a high skill level. The purpose of the ART 
office is to assist couples in achieving a healthy pregnancy. 
While the pregnancy rate alone is not very helpful in deter-
mining success, good clinics and laboratories do have a good 
pregnancy rate based on the situations and regulations spe-
cific for their clinic. High skill levels are also demonstrated 
by low error levels.

The factors that contribute to good skills include proper 
management and application of the quality assurance pro-
gram [9, 10]. An effective quality assurance program should 
lead to improvement on all levels of performance. 
Additionally, proper design and monitoring of facilities and 
equipment is essential. High expectations by the directors, 
combined with good training, monitoring, and continuing 
education, are also necessary [3].

Skill implies accuracy. Several programs are essential in 
assuring that the results produced by the laboratory are accu-
rate. Internal programs include continual monitoring of key 
indicators as part of the quality assurance program. One useful 
tool is internal proficiency testing for semen analysis and 
other assays in which aliquots of a specimen are indepen-
dently analyzed by all technicians (Discussed extensively in 
chapter by Keel). Additionally, periodic “recertification” of 
employee competence should be performed by testing accu-
racy in specific skills. As a whole, the laboratory should be 

monitored by monthly and quarterly indicators of skill and 
accuracy.

External proficiency testing programs are also available, 
and obligatory under CLIA regulations to monitor and 
improve accuracy and skill. All laboratories are mandated 
to participate in proficiency testing programs, but the suc-
cessful laboratory uses the process to identify problems 
and improve performance. The quality laboratory looks at 
such programs as beneficial tools rather than regulatory 
requirements.

1.5  A Focus on Patients

As strange as it may seem, clinics and laboratories some-
times lose sight of the fact that their reason for existing is to 
serve the patient. Reference laboratories assist the patient 
indirectly without any direct contact with the patient, but 
ART laboratories are usually in close and direct contact. The 
truly successful clinic and laboratory goes beyond providing 
skillful analysis and therapies to educate the patient and pro-
vide a private, comfortable environment.

Patient education can be facilitated through several means, 
including the production and distribution of literature such as 
handouts and pamphlets. While pharmaceutical companies 
often provide useful patient literature, the clinical and labo-
ratory programs can improve the quality by customizing the 
literature to clinic specific protocols. Websites can be invalu-
able in providing information, and pamphlets can easily be 
posted online. Lastly, patients seminars are also useful in 
educating patients about the specific processes the clinic and 
lab undergo to assure quality and safety during therapy.

Within the clinic, privacy is imperative. While HIPPA 
assures minimal levels of privacy, the successful clinic goes 
further. For example, patients should not be exposed to 
crowded waiting rooms through accurate scheduling and 
overflow areas. Registration should be performed in private 
offices rather than in the common waiting area. CAP accredi-
tation inspections include inspection of the collection rooms 
for privacy, but laboratories can improve further by provid-
ing soundproofing, comfortable facilities, and private exits.

One useful method of improving patient service is to pro-
vide useful feedback mechanisms for patients. Patient sur-
veys can help identify areas in need of improvement and 
should be carefully developed to encourage useful feedback. 
Another useful technique is to periodically invite a patient to 
give feedback at a staff or laboratory meeting regarding their 
experiences and concerns. This technique is useful in increas-
ing empathy to the needs of the patients. In summary, the 
successful laboratory strives to understand protocols and 
procedures through the patients’ eyes, then improve the process 
for the patient.
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1.6  A Focus on the Staff

The greatest asset of a clinic and laboratory is the staff. Facilities 
and equipment are important in providing high quality service, 
but nearly useless without trained nurses, technicians, and office 
staff. Therefore, a major focus of any clinic and laboratory 
director should be on training, assessing, educating, and moti-
vating staff. The investment in developing high quality staff 
must be protected by providing an environment where employ-
ees are respected and treated in a manner that it is their desire to 
remain as a member of the team for a long time [11, 12].

The most basic factors in developing a high quality team 
are common sense actions, such as treating staff with respect 
and honesty. But, a director can go beyond that to develop 
highly committed and loyal staff. Efforts should be made to 
continue the growth and education of staff, such as by send-
ing staff to symposia, courses, and meetings. Another tech-
nique is to involve staff in the education process within the 
clinic or laboratory. Annual retreats focused on education, 
planning, and building teamwork are effective team-building 
activities. To increase ownership of the staff members, many 
of the talks and activities should be assigned to them.

An internal continuing education program can be developed 
to help in the education and development of staff. For example, 
continuing education program for laboratory technicians 
requires that they obtain a certain number of continuing educa-
tion units (CEUs) in three different areas: (1) attendance at 
journal clubs, symposia, courses, etc., (2) talks and presenta-
tions, and (3) personal study of journals, or other topics benefi-
cial to the lab. Completion of the required number of CEUs, 
along with other factors, is necessary for annual recertification 
as an andrology or embryology technician.

Directors are prudent to solve employee issues while they 
are minor. This can be done by periodic one on one discus-
sions, either formally or informally. Additionally, periodic 
lunches with one or a few employees, or as a whole group, 
can inspire an employee’s confidence and a feeling of worth. 
Periodic group social activities may help resolve petty issues 
from festering between staff members.

1.7  Conclusions

This chapter has briefly highlighted a few characteristics of 
clinics and laboratories that are essential to providing a high 
level of service and a quality workplace for staff. Each clinic 
and laboratory can build further upon this foundation to build 
a truly “successful” organization that serves patients with the 
highest level of skill and caring.
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Abstract A basic knowledge of management issues is 
required in the operation of any medical practice. This 
chapter highlights the critical practice management principles 
necessary for effective interaction with other professionals 
in business management, human resources, payer organiza-
tions, legal counsel, accounting, and risk management who 
interface with the practice.

Keywords Management • Regulations • Legal rulings  
• Quality assurance • Accounting • Root cause analysis

2.1  AIM

The successful practice of reproductive endocrinology and 
infertility demands strict attention to service and educational 
missions, and in the academic setting, research. Whether 
operating under a profit or not-for-profit, hospital-based or 
free-standing setting, these missions cannot be adequately 
addressed without policies and procedures as well as active 
management strategies that direct the practice’s business 
operations. While many physicians and scientists prefer to 
avoid this aspect of their career, a basic knowledge of these 
management issues is required. This chapter highlights the 
critical practice management principles necessary for effective 

interaction with other professionals in business management, 
human resources, payer organizations, legal counsel, accounting, 
and risk management who interface with the practice. The 
aim of this chapter is to serve as a resource and provide refer-
ences to more detailed information available in specialty pub-
lications. The American Society for Repro ductive Medicine 
(ASRM) has a number of management resources on it’s web 
site: www.asrm.org.

2.2  Revenue Cycle

The revenue cycle begins with patient registration (Fig. 2.1). 
Critical information that must be collected and verified before 
each visit includes demographics, primary and secondary 
insurance information, policy holder/responsible party, eligi-
bility for benefits and coverage, and updating patient account 
balances for the collection of copays/ balances at the point of 
service. Studies estimate that 42% of practice-generated 
denials are attributable to a failure to set up the patient’s 
insurance correctly and that 88% of patient-generated errors 
are due to inaccurate personal information. Thus, insurance 
verification and updated information from the patient at each 
encounter are critical steps in the revenue cycle [1]. Industry 
experts estimate that it costs $25 or more to rework a single 
claim [2]. Registration can be accomplished over the telephone, 
on-line, or using written forms. Key strategies to successful 
registration include appropriate staffing, training, and moni-
toring of performance indicators. Time studies can be per-
formed to determine new and follow-up patient registration 
requirements, and staffing should respond appropriately to the 
findings. The dollar amount of claims denied for registration/
insurance related reasons as a percentage of total denied dollars 
may be used to assess registration function. Furthermore, 
registration edit reports track locations and individuals on 
the team who would benefit by additional training.

Healthcare providers in best practices submit the encounter 
form, commonly called a superbill, within 24 h of the encoun-
ter. Monitoring strategies include nightly reconciliation 
of missing encounter forms with schedules documenting 
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“arrived” patients. Superbills should be designed to facilitate 
coding the ICD-9 diagnostic codes and CPT procedural 
codes common to the practice. The superbill should be 
reviewed annually and reviewed with professional coders. 
Chart audits insure appropriate documentation of the encoun-
ter and its codes. New providers should be audited the first 
few months in the practice to insure appropriate and maximum 
coding and completion rates.

Charge entry after a patient encounter should be 
completed within 48 h. Within 24 h after the encounter, the 
superbills are collected and batched. In the next 24 h period, 
the charges should be entered. Best practices reconcile 
missing charges daily to weekly.

Submission of claims and subsequent payments are 
improved by the use of a clearinghouse that filters the claim 
for errors or through the use of a claim scrubber. Claim 
scrubbers allow the provider to utilize the same software that 
payers use to deny claims and hold reimbursements longer. 
Furthermore, practices can identify undercoding in services. 
Larger volume practices may find the cost/ benefit ratio favors 
automated claim scrubbing. Payment posting should be recon-
ciled to the maximal contracted amount. Payer policy changes 
are techniques designed to reduce payments and must be mon-
itored carefully. Larger organizations can consider software 
that will monitor charges, and contracted payments to actual 
payments to insure payers adhere to contracted rates.

Analysis/assessment tools include practice metrics and 
reports that will flag difficulties with the revenue cycle. 
Useful metrics include accounts receivable (AR), claim deni-
als, write-offs, collection rates, patient complaints, volume 
of unanswered payer and patient correspondence, claim 
edits, timely submission of charges, lag days, missing 
charges, and turnover in revenue cycle employees. An exam-
ple of a functioning revenue cycle metrics report is found in 
Fig. 2.2 and in the Appendix. Periodically, supervising indi-
viduals should call for a reevaluation of the revenue cycle 
and the metrics being utilized. Strategic management of the 
revenue cycle will result in greater margin for the missions 
undertaken by the practice. Of all improvements that can be 
recommended for revenue cycle processes, standardization 
is proven to benefit not only revenue, but also quality and 
patient satisfaction [3]. Continuous training and cross train-
ing in job specific policies and procedures, technology and 
systems, and practice-specific revenue-cycle-activities will 
also result in improved financial and patient, provider and 
employee satisfaction scores. Open discussions of revenue 
cycle activities will reveal bottlenecks, dropped handoffs, 
and duplication of work. Figures 2.3 and 2.4 are examples of 
ambulatory services dashboards, which can facilitate discus-
sions regarding critical practice parameters that affect the 
revenue cycle. Instituting controls on cash handling/ deposits 
for point-of-service collections, reconciliation of missing 
charges, batching/ hashing for charge entry, productivity 
measures for A/R follow-up and job specific information 
system access will protect the assets of the practice.

Useful resources regarding the revenue cycle include The 
Physician Billing Process: Avoiding Potholes in the Road to 
Getting Paid by Deborah L. Walker, MBA, FACMPE; Sara 
M. Larch, MSHA, FACMPE; Elizabeth W. Woodcock, 
MBA, FACMPE, CPC (ISBN 1-56829-230-9) and Financial 
Management for Medical Groups by Ernest J. Pavlock, PhD, 
CPA (ISBN 1568290217). The Medical Group Management 
Association (MGMA) is a professional association provid-
ing many resources (http://www.mgma.com) (Figs. 2.5 and 
2.6, respectively).

2.3  Employment Cycle

Staffing issues are a time consuming aspect of REI practice 
management. Concerns related to hospital-based settings 
include staff unionization and difficulty in providing perfor-
mance incentives. Furthermore, in hospital-based settings, a 
clinic staffing model is often applied inappropriately. An 
optimal staffing ratio for an ART program can be higher than 
the standard clinic staffing model and ranges from 4 to 12 
full-time equivalents per physician with efficiencies gained 
in multiple provider models. This relatively high fixed cost 
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Fig. 2.1 The revenue cycle. The revenue cycle consists of a number of 
interrelated processes that are categorized as front end, backend and 
analysis/planning activities. Each process within an activity has numer-
ous subparts which must be analyzed and optimized, for example, the 
patient encounter component of the front end activities includes check-
in, point-of-service collections, provider encounter, checkout, schedul-
ing/referrals and financial counseling
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Measures
2007/Apr 2008/Mar 2008/Apr 12 Mo Total  Prev 12 Mo Tot 12 Mo Tot Var 12 Mo Avg CM Var PFYTD FYTD FY Var

Charges 516,065$ 587,332$     445,066$  4,805,934$      1,450,842$   $3,355,092 400,494$      $44,571 1,173,455$   4,274,286$ $3,100,830
Payments 241,785$ 280,658$     274,525$  2,317,468$      873,820$      $1,443,647 193,122$      $81,403 682,573$      2,099,792$ $1,417,219
Net Payments 239,779$ 278,667$     270,568$  2,296,101$      851,197$      $1,444,905 191,342$      $79,226 663,281$      2,079,504$ $1,416,224
Contract Adj 182,506$ 243,076$     258,305$  1,665,848$      517,881$      $1,147,966 138,821$      $119,484 404,273$      1,546,604$ $1,142,332
Refunds 2,006$ 1,991$ 3,958$      21,367$   22,624$ ($1,257) 1,781$  $2,177 19,293$ 20,288$     $995
Work RVU 3,730.18 4,371.16 3,367.12 41,471.43 12,545.59 28,925.84 3,455.95 (88.83) 10,118.74 36,277.79 26,159.05
Total Discounts 24,348$ 20,170$       9,204$      $177,087 $19,456 $157,632 $14,757 ($5,553) $16,740 $167,563 $150,824

COLLECTION AGENCY ACTIVITY
TO COLLECTIONS 11,979$ 6,289$ 12,784$    119,879$ 63,243$ 56,636$ 9,990$  2,794$  48,262$ 107,667$   59,404$    

ORIGINAL INSURANCE INFO CAPTURED  12 Mo Totals 12 Mo Avg  Mix 12 Mo  Prev 12 Mo Tot Prev 12 Mo Mix Mix CM Mix PYTD Mix FYTD
BLUE SHIELD 93,326$ 122,022$     134,471$  1,097,872$      91,489$ 22.84% 372,628$      25.68% 30.21% 26.57% 22.83%
COMMERCIAL INS 3,253$ 5,761$ 1,759$      46,191$   3,849$  0.96% 19,659$ 1.36% 0.40% 0.87% 0.93%
CONTRACTS 143,248$ 161,619$     109,720$  1,410,186$      117,516$      29.34% 548,134$      37.78% 24.65% 38.65% 27.80%
MEDICAID 156,184$ 166,431$     111,425$  1,309,426$      109,119$      27.25% 351,728$      24.24% 25.04% 22.66% 27.76%
MEDICARE 542$ 3,912$ 358$ 17,699$   1,475$  0.37% 4,764$  0.33% 0.08% 0.41% 0.33%
MISC GOVT 18,941$ 18,580$       14,582$    131,397$ 10,950$ 2.73% 35,577$ 2.45% 3.28% 2.39% 2.94%
OOS MEDICAID 24,582$ 10,037$       8,688$      103,897$ 8,658$  2.16% 30,351$ 2.09% 1.95% 2.25% 2.16%
SELF PAY 75,989$ 98,971$       64,063$    689,266$ 57,439$ 14.34% 88,001$ 6.07% 14.39% 6.21% 15.25%

PAYER  12 Mo Totals 12 Mo Avg  Mix 12 Mo Prev 12 Mo Tot Prev 12 Mo Mix Mix CM Mix PYTD Mix FYTD
BLUE SHIELD 66,414$ 68,320$       57,137$    571,665$ 47,639$ 24.83% 220,753$      25.32% 21.00% 26.08% 24.16%
COMMERCIAL INS 1,321$ 3,046$ 1,463$      20,431$   1,703$  0.89% 5,110$  0.59% 0.54% 0.66% 0.96%
CONTRACTS 77,682$ 91,017$       69,635$    803,750$ 66,979$ 34.91% 373,552$      42.85% 25.59% 43.37% 34.23%

MEDICAID 67,049$ 79,316$       83,450$    608,071$ 50,673$ 26.41% 151,933$      17.43% 30.67% 16.61% 27.33%
MEDICARE 619$ 230$    2,110$      8,490$     707$     0.37% 1,110$  0.13% 0.78% 0.15% 0.35%
MISC GOVT 6,850$ 4,654$ 9,208$      57,580$   4,798$  2.50% 16,205$ 1.86% 3.38% 2.06% 2.57%
OOS MEDICAID 6,740$ 9,115$ 14,846$    47,825$   3,985$  2.08% 17,546$ 2.01% 5.46% 1.30% 2.23%
SELF PAY 13,827$ 22,023$       34,270$    184,216$ 15,351$ 8.00% 85,509$ 9.81% 12.59% 9.77% 8.17%

OUTSTANDING ACCOUNTS RECEIVABLE 

CURRENT INSURANCE  FEB  MAR  APR 

A/R 31-60 Days 182,719$     159,963$     141,606$  

% A/R 31-60 Days 21.30% 17.83% 17.96% 15.29% 6.70% 34.00%
A/R 61-90 Days 76,879$       127,462$     103,444$  
% A/R 61-90 Days 8.96% 14.20% 13.12% 8.80% 4.90% 14.40%
A/R 91-120 Days 78,029$       62,194$       82,893$    
% A/R 91-120 Days 9.09% 6.93% 10.51% 6.34% 3.80% 12.50%
A/R >120 Days 121,490$     172,324$     163,937$  
% of AR > 120 14.16% 19.20% 20.79% 18.76% 3.30% 52.30%

A/R Balance 857,944$     897,405$     788,640$  

CURRENT FSC  91-120 DAYS  121-150 DAYS  151-180 DAYS > 180 DAYS TOTAL AR 

BLUE SHIELD 2,284$ 2,330$ 496$ 272$ 123,507$      
% OF BLUE SHIELD 1.85% 1.89% 0.40% 0.22% 100.00%

COMMERCIAL INSURANCE 405$    509$    118$ 1,461$     13,167$

% OF COMMERCIAL INS 3.08% 3.87% 0.90% 11.09% 100.00%

CONTRACTS 10,971$       4,261$ 4,698$      9,799$     160,320$      

% OF CONTRACTS 6.84% 2.66% 2.93% 6.11% 100.00%

MEDICAID 11,165$       8,693$ 4,685$      12,632$   108,126$      

% OF MEDICAID 10.33% 8.04% 4.33% 11.68% 100.00%

MEDICARE 151$    99$      164$ 2,724$     4,068$

% OF MEDICARE 3.71% 2.44% 4.03% 66.97% 100.00%

MISC GOVERNMENT 2,039$ 236$    2,571$      694$ 25,643$

% OF MISC GOVERNMENT 7.95% 0.92% 10.03% 2.71% 100.00%

OOS MEDICAID 4,980$ 901$    5,244$      19,798$   45,819$

% OF OOS MEDICAID 10.87% 1.97% 11.44% 43.21% 100.00%

RESPONSIBLE PARTY 50,897$       22,908$       32,102$    26,625$   308,072$      

% OF RESPONSIBLE PARTY 16.52% 7.44% 10.42% 8.64% 100.00%

TOTAL AR 82,893$       39,936$       50,078$    73,923$   788,640$      

% OF TOTAL 10.51% 5.06% 6.35% 9.37% 100.00%

TOP 5 REJECTIONS - OP
CODING Chg 2007/Apr 2008/Jan 2008/Feb 2008/Mar 2008/Apr FYTD

97-SERVICE NOT PAID SEPARATELY Chg Amt 262 1,049$ 1,455$ 387$ 799$ 6,134

Rej Count 5 9 8 2 9 63

11-DIAGNOSIS SUBMITTED INCONSISTENT WITH PROCEDURE Chg Amt 16 82$ 82$ 92$  164$ 1,791

Rej Count 2 1 3 7 2 28

7-INVALID PROC CODE INCONSISTENT WITH PT GENDER Chg Amt - -$ -$ -$ 151$ 151

Rej Count - - - - 1 1

50-NOT MEDICALLY NECESSARY Chg Amt - 151$ -$ 359$ 547$ 1,057

Rej Count - 1 - 2 1 4

112-SVC NOT DOCUMENTED Chg Amt - -$ -$ -$ (85)$ -
Rej Count - - - - 1 2

REGISTRATION Chg 2007/Apr 2008/Jan 2008/Feb 2008/Mar 2008/Apr FYTD

28-CLIENT NOT ELIGIBLE ON DATE OF SERVICE Chg Amt 1,889 1,650$ 2,395$ 568$ 2,824$     13,521

Rej Count 13 15 11 6 21 97

49-NON COVERED SERVICE IN CONJUNCTION WITH ROUTINE Chg Amt 1,205 328$ 1,064$ 257$ 857$ 5,424

Rej Count 10 4 8 2 5 46
L10-PROVIDE DATE OF LMP/ONSET OF ILLNESS Chg Amt 1,642 113$ 2,114$ 1,805$ 1,599$     13,297

Rej Count 11 1 7 7 5 67
31-INVALID ID NUMBER-UNABLE TO IDENTIFY INSURED Chg Amt - -$ 151$ -$ 509$ 874

Rej Count - - 1 - 4 7
27-COVERAGE TERMINATED BEFORE DOS Chg Amt 660 233$ 233$ 793$ 747$ 4,432

Rej Count 5 2 2 6 3 29

FOLLOW UP Chg Apr 2008/Jan 2008/Feb 2008/Mar 2008/Apr FYTD
96-NON-COVERED CHARGES Chg Amt 692 1,199$ 6,216$ 1,823$ 2,854$     15,574

Rej Count 6 10 27 12 17 104
D6-INS REQUESTS COPY OF REPORT Chg Amt - -$ -$ 372$ 2,896$     5,281

Rej Count - - - 2 15 30
18-DUPLICATE CLAIM Chg Amt 2,844 878$ 1,613$ 883$ 1,453$     14,963

Rej Count 10 2 11 9 10 100
16-ADDITIONAL INFO NEEDED Chg Amt 2,188 164$ 360$ 269$ 151$ 4,545

Rej Count 5 1 1 2 5 26

17-ADDITIONAL INFO NEEDED-REQ INFO INSUFFICIENT OR INCOMPLETE Chg Amt 82

$

$

$ 

$

$

$

$

$

$

$

$

$

$

$

$ -$ 943$ 442$ 1,071$     2,538
Rej Count 1 - 2 2 4 9

2008/Feb 2008/Mar 2008/Apr 12 Mo Total 12 Mo Avg CM Var PFYTD FYTD % Change 
Charges 516,065$    587,332$   445,066$  4,805,934$      400,494$ $44,571 1,173,455$      4,274,286$      264.25%

Coding Rejections 7,279$ 10,239$     8,301$      54,883$   4,574$     $3,728 14,483$   48,111$   232.19%
Coding Rej % 1.41% 1.74% 1.87% 1.14% 1.14% 0.72% 1.23% 1.13% –0.11%

Follow up Rej 41,437$      21,390$     41,300$    267,783$ 22,315$   $18,985 82,567$   251,896$ 205.08%
Follow up Rej % 8.03% 3.64% 9.28% 5.57% 5.57% 3.71% 7.04% 5.89% –1.14%

Registration Rej 13,504$      7,386$       14,368$    95,382$   7,949$     $6,420 40,455$   84,663$   109.28%
Registration Rej % 2.62% 1.26% 3.23% 1.98% 1.98% 1.24% 3.45% 1.98% –1.47%

Total Rejections 62,220$      39,015$     63,970$    418,049$ 34,837$   $29,132 137,505$ 384,671$ 179.75%
Total Rej ections % 12.06% 6.64% 14.37% 8.70% 9.06% 5.32% 11.72% 9.00% –2.72%

Use a benchmark that pertains to your size and structure.  MGMA or 
FPSC are some examples

FPSC BENCHMARKS

13 months provides trending

Current Month 
variance 

compared to 
average for fast 
assessment of 

status

Year to Year 
Variance

These 
categories are 
based on 
system set-up. 
Allows for visual 
of payer charge 
mix vs. payer 
payment mix. 

Please see
Appendix for 
step-by-step,
detailed inform-
ation on revenue
cycle report. 

% of change 
between fiscal 

years.

Previous allows 
for seasonality- 
such as: annual 

conference 
attendance, etc. 

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

Fig. 2.2 ART practice management divisional revenue cycle report (for illustrative purposes only and does not represent actual operational data)
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requires a significant volume of ART cycles to be economically 
viable. For these reasons, sound employment principles are 
mandatory.

Employment advertising should include only the require-
ments of the position, Equal Opportunity Employer (EEO) 
statement and avoidance of problematic language which 
could be construed as discriminatory. Key components of the 
employment application are found in Table 2.1.

In the offer letter or contract an Employment-At-Will 
statement is helpful, if applicable in the clinic’s governance 
situation: “You should understand that you will be employed 
at-will, which means that either you or the company can 
terminate your employment at any time.”

Interviewing questions are governed by federal and state 
laws. The Department of Labor for each state often has 
websites that detail laws concerning employment. There 
are a number of illegal questions to avoid, which can be 
worked around through proper questioning noted in 

Table 2.2. Experienced human resource managers suggest a 
question, which is often quite revealing: Assume you could 
have anyone to write a letter of reference for you, who 
would it be and what would they say? Human resource 
managers should regularly check the federal and state 
employment laws.

In those positions where an offer letter is appropriate, the 
letter should include a start date, rate of pay, wage payment 
schedule, hours of employment, position, remaining steps to 
be accomplished before hire, employment at-will disclosure, 
statement that nothing in the offer letter should be interpreted 
as a contract, signature and date-line. To reduce staff man-
agement difficulties, all clinics should have an employee 
handbook (Table 2.3).

Wage and Hour Laws define “Exempt” employees as 
those who are exempt from overtime pay such as physi-
cians, embryologists, registered nurses, and managers. 
“Nonexempt” employees must be paid at least the mini-

Measures 2008 Q 1 2007 Q 1 % ∆ % ∆ 
Trend 

Indicator YTD
Trend 

Indicator Measures 2008 Q 1 2007 Q 1 % ∆ % ∆ 
Trend 

Indicator YTD Prior YTD
Trend 

Indicator

Total Scheduled Appointments Charges (post date) $ 694,823 4.0% 722,572

Arrived Appointments Payments (post date) 635,686$ 587,287

Bumped Appointments wRVUs

Cancelled Appointments POS Collections 46,855

No Show Appointments Registration Rejections by Charges 4,060

Same–Day Cancellations Registration Rej as % of Total Charges

Lost Appointments (No Show + Same–Day Cancellations) A/R Days (90 day calculation)

New Patient Visits (arrived) % of Charges Entered within 0–15 Days 1

Return Patient Visits (arrived) % of Charges Entered > 15 Days 0

All Other Patient Visits (arrived) (IVF)
New to Return Patient Ratio (includes IVF)

Avg Scheduling Lag for New Patients (days)

1,739 1,766 –1.5%

1,275 1,238 3.0%

17 14 21.4%

424 484 –12.4%

23 30 –23.3%

0 0 0.0%

23 30 –23.3%

385 354 8.8%

782 753 3.9%

108 103 4.9%

0.5 0.5 0.0%

25 32 –21.9%

1,739 1,766 –1.5% $ $ $ 694,823 4.0%

1,275 1,238 3.0% $ $ 587,287 8.2% $ 8.2%

17 14 21.4% 1,164.0 7.1% 1,247.0 1,164.0 7.1%

424 484 –12.4% $ $  63,792 –26.6% $ 63,792$ –26.6%

23 30 –23.3% $ $  4,135 –1.8% $ 4,135$ –1.8%

0 0 0.0% 0.6% –5.6% 0.6% 0.6% –5.6%

23 30 –23.3% –45.58 6.9% –48.74 –45.58 6.9%

385 354 8.8% 84% 3.6% $ 1$  3.6%

782 753 3.9% 16% –18.8% $ 0$  –18.8%

108 103 4.9%

3.5 3.5 0.0%

25 32 –21.9%

3

21

New Patient Visits

3rd Next Available Appointment

Return Patient Visits
Average Number of Days as of Nov. 7, 2007

$900,000 

Charges and Payments

1,500.0

wRVUs

No Show

Lost* 

Appointment Rates

UUMG FY 08 Goals 88%*
85%*

2008 Q 1 2007 Q 1

Charges and Payments

0.0
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Appointment Rates

*Lost Appointment = No Show + Same–Day Cancellations

UUMG FY 08 Goals
1.  Decrease No Show Rate to <8.5%

2.  Increase Arrived Appts by 5%

* Gross Collection Rate

88%*
85%*

UUMG FY 08 Finance Goals

1. Improve POS collections by 15%, 2. Reduce overall Rejection Rate to 9%, 3. Decrease A/R Days to 52 
Days, 4.75% of all charges should be entered into the billing system within 15 days of the date of service 
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Fig. 2.3 UCRM ambulatory dashboard (for illustrative purposes only and does not represent actual operational data)
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 %serusaeM
Trend 

Indicator YTD Prior YTD
Trend 

Indicator

Egg Retrieval

A m b u l a t o r y   D a s h b o a r d 
2008 Q 1

ET Totals

IVF ET

Cryo ET

Ovum Donar

Surrogacy

Insemination

Ultrasound

ViabilityViability

Super Ovulation Start

80 77 3.9% 80 77 3.9%

97 95 2.1% 97 95 2.1%

73 70 4.3% 73 70 4.3%

25 22 13.6% 25 22 13.6%

5 5 0.0% 5 5 0.0%

0 0 0.0% 0 0 0.0%

291 300 −3.0% 291 300 –3.0%

762 747 2.0% 762 747 2.0%

−1.5% −1.5%67 68 67 68
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Fig. 2.4 Reproductive endocrinology ambulatory dashboard (for illustrative purposes only and does not represent actual operational data)
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mum wage for all hours worked and one-and-one-half times 
their regular rate of pay for all hours worked over 40 h in a 
single work week (state laws may differ). Employees in this 
category include medical assistants, receptionists and 
financial representatives. Pay practices, withholdings, 
and allowed deductions are best handled by professionals 
conversant with the Fair Labor Standards Act (FLSA) and 
regulations of the Wage and Hour Division of the Department 
of Labor (DOL).

Employee files should contain personal information 
(name, address, Social Security number, date of birth 
and education); job application and resume; licenses or 
certifications required for the job; a signed employee 
handbook receipt or employment contract; attendance 
and leave records; payroll records; performance apprais-
als, commendation letters, merit awards; disciplinary 
records; and, job description, title, location and schedule. 
Employees can examine this file once per year in the 
presence of a designated representative. The employee 
has the right to request a correction or a deletion or write 
a statement of disagreement with any item in the file in the 
presence of a designated representative. The employee 
may not remove any item from the file. Employers can 
require a written request to view the file. Exempted infor-
mation regarding personnel files include potential job 
assignment information, and the prediction of any future 
salary or career path information. It is recommended that 
personnel file be kept for 4–7 years after an employee 
leaves the practice.

Employee discipline should provide, where possible, 
advance notice of the consequences of misconduct; written 
documentation; and actions that are timely, consistent 
and impartial. In the articulation of a disciplinary policy, 
reserve the right to choose the level of discipline, up to 
and including termination without resorting to less severe 

Fig. 2.5 The Physician Billing Process: Avoiding Potholes in the Road 
to Getting Paid by Deborah L. Walker, MBA, FACMPE; Sara M. Larch, 
MSHA, FACMPE; Elizabeth W. Woodcock, MBA, FACMPE, CPC 
(ISBN 1-56829-230-9)

Table 2.1 Key components of the employment application

An employment application has a signed and dated  
certification that:

The applicant was truthful in completing the application
No information that would affect the application was withheld
The employer may terminate the applicant (if hired) if the employer 
later discovers that the applicant was not truthful or withheld 
material information
The applicant agrees to abide by all of the rules and policies of the 
employer, or be subject to termination
The applicant agrees to the employer’s ability to check references 
and/or verify information
Acknowledges the employer may change the applicant’s hours  
at will
Contains an Employment-At-Will statement (if applicable): “You 
should understand that you will be employed at-will, if hired, which 
means that either you or the company can terminate your employ-
ment at any time”

Fig. 2.6 Financial Management for Medical Groups by Ernest J. 
Pavlock, PhD,CPA. (ISBN 1568290217)
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measures. There should be a nonexhaustive list of the types 
of infractions that will result in immediate termination. If your 
policy includes progressive discipline, it is mandatory that it 

is followed to avoid a breach of contract or discrimination 
action. Disciplinary actions including warnings and coun-
seling should be documented in the personnel file. Future 
expectations should be written and state clearly, “we expect 
that you will…”.

Federal employment laws have compliance thresholds 
based on the number of employees outlined in Table 2.4, and 
these laws are briefly described in Table 2.5. Successful ART 
Programs create a level of professionalism that is expected in 
the practice by conducting the employment cycle and 
employee relations with the same level of attention required 
in the practice of ART. HIPAA is a standard all employees 
must clearly understand as the standard of patient confiden-
tiality required in the practice. A brief summary of its core 
elements are outlined in Table 2.6.

Table 2.2 Illegal employment que.stions and their legal workarounds

Category Illegal questions Legal questions

National origin/
citizenship

Are you a U.S. citizen?
Where were you/your parents born?
What is your native tongue?

Are you authorized to work in the United States?
What languages do you read, speak, or write fluently? (This 

question is okay, as long as this ability is relevant to the 
performance of the job)

Age How old are you?
When is your birth date?
When did you graduate from high school?

Are you over the age of 18?

Marital/family status What’s your marital status?
With whom do you live?
Do you plan to have a family? When?
How many kids do you have?
What are your child care arrangements?

Would you be willing to relocate if necessary?
Travel is an important part of the job. Would you be able and 

willing to travel as needed by the job? (This question is 
okay, as long as all applicants for the job are asked it)

This job requires overtime occasionally. Would you be willing 
and able to work overtime as necessary? (Again, as long as 
all applicants for the job are asked it)

Affiliations What clubs or social organizations do you belong to? List any professional or trade groups or other organizations 
that you belong to that you consider relevant to your ability 
to perform this job

Personal How tall are you?
How much do you weigh?

Are you able to lift a 50-pound weight and carry it 100 yards, 
as this is part of the job? (Questions about height and 
weight are not acceptable unless minimum standards are 
essential to the safe performance of the job)

Disabilities Do you have any disabilities?
Please complete the following medical history
Have you had any recent or past illnesses or 

operations? If yes, list and give dates
What was the date of your last physical exam?
How’s your family health?
When did you lose your eyesight? How?
Do you need an accommodation to perform the job? 

(Can be asked only after a job offer is made)

Based on the job description, are you able to perform the 
essential functions of this job?

Can you demonstrate how you would perform the following 
job-related functions?

Are you willing to complete a medical exam after we’ve made 
you a job offer? (The results of the exam must be kept 
strictly confidential, except medical/safety personnel may be 
informed if emergency medical treatment is required, and 
supervisors/managers may be informed about necessary 
accommodations to the job, based on the results of the exam)

Do you understand that any offer of employment is conditional 
based on the results of a medical exam?

Arrest record Have you ever been arrested? Have you ever been convicted of _______? (The crime named 
should be reasonably related to the performance of the job 
in question)

Military If you’ve been in the military, were you honorably 
discharged?

In what branch of the armed forces did you serve?
What type of training or education did you receive in the military?

Illegal questions are problematic and information gained in such questions may be used to discriminate against members of protected classes. In 
order to avoid illegal questions ask objective questions that determine if an applicant can fulfill the legitimate job requirements. Human Resource 
personnel should frequently assess federal and state employment laws regarding legal and illegal questions

Table 2.3 Critical components of the employee handbook

Employment At-Will Disclaimer Statement (if applicable)
Handbook Acknowledgement Statement
Employee Confidentiality Agreement
Equal Employment Opportunity (EEO) Statement
Sexual Harassment and Other Harassment Guidelines
Summary of Benefits
COBRA
Family Medical Leave Act (FMLA), if applicable
Patient Confidentiality/Substance Abuse Statement
Electronic Communications and Internet Use Policy
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Table 2.4 US Federal Employment Law Compliance thresholds by number of employees

Discrimination laws and application of the statute

The respective state Department of Labor and attorney should be consulted regarding application

Federal statutes Minimum employees

Americans with Disabilities Act of 1990 15
Age Discrimination in Employment Act of 1967 20
Civil Rights Act of 1964 Title VII-Equal Employment Opportunities 15
Consolidated Omnibus Benefits Reconciliation Act (COBRA) 20
Fair Labor Standards Act of 1938 (FLSA) 1
Family and Medical Leave Act of 1993 (FMLA) 50
Health Insurance Portability and Accountability Act of 1996 (HIPAA) 1
Immigration Reform and Control Act of 1986 (IRCA) 1
Occupational Safety and Health Act of 1970 (OSHA) 1
Pregnancy Discrimination Act (PDA) 2

Table 2.5 US Federal Employment Laws Summary

US Federal Employment Laws Summary

Please check with your state DOL, and / or attorney.

Americans with Disabilities Act
Prohibition of discrimination based on disabilities
Requires “Reasonable Accommodations” for disabled individuals
 Provide equal opportunity in application process
 Enable performance of “Essential functions” of position
 Enable equal benefits and privileges
 Avoid undue hardship in the workplace
Age Discrimination Act of 1967
Prohibits discrimination with respect to any term, condition, or 

privilege of employment, including hiring, firing, promotion, 
layoff, compensation, benefits, job assignments, and training

Protects employees and job applicants 40 years of age or older from 
employment discrimination

Prohibits retaliation against an individual for opposing employment 
practices that discriminate based on age or for filing an age 
discrimination charge, testifying, or participating in any way in an 
investigation, proceeding, or litigation under the ADEA

Title VII of the Civil Rights Act of 1964
Prohibits race, color, gender, national origin, and religious 

discrimination
Applies to hiring, discharge, compensation, promotion and other terms 

and conditions of employment
Gender discrimination includes pregnancy discrimination and sexual 

harassment
Comprehensive Omnibus Budget Reconciliation Act of 1985 (COBRA)
If an employer provides health coverage, it is required to comply with 

COBRA unless it falls within the following exceptions:
 Small businesses that employ fewer than 20 employees on at least 

50% of its working days during the preceding calendar year
 Note: Employers must provide COBRA-type converge to employees 

on uniformed service leave, pursuant to the Uniformed Services 
Employment and Reemployment Rights Act of 1994 (USERRA), 
regardless of the number of employees they have

Fair Labor Standards Act (FLSA)
The Fair labor Standards Act (FLSA) prescribes standards for wages 

and overtime pay
The act is administered by the Wage and Hour Division of the 

Employment Standards Administration

Requires employers to pay covered employees who are not otherwise 
exempt at least the federal minimum wage ($5.15/h) and overtime 
pay of one-and-one-half-times the regular rate of pay

The Family and Medical Leave Act (FMLA) 
Federal Eligibility Requirements
To be eligible for Federal FMLA leave, an employee must be 

employed by a covered employer:
 For at least 12 months
 For a minimum of 1,250 h in the 12 months immediately preceding 

the commencement of the leave
 At a worksite employing 50 or more employees within a 75-mile 

radius of the worksite
FMLA (1993) gives eligible employees the right to take up to 12 

weeks of unpaid leave, or paid leave if it has been earned, in any 
12-month period:

 For the birth of a child or the placement of a child with the 
employee by adoption or foster care

 If the employee is needed to assist in care for a family member with 
a serious health condition

 If the employee’s own serious health condition renders the 
employee unable to do his/her job

FMLA entitles employees to be restored to the same or an equivalent 
position with equivalent pay, benefits, and working conditions 
upon their return from FMLA leave

In determining whether a company’s workforce falls under the FMLA, 
are part-time employees included in the 50-employee count? Yes, 
every employee on the payroll must be counted. Employers also 
must also include workers on paid or unpaid leave and who are 
reasonably expected to return to active employment

When calculating the 1,250 h, should time spent on vacation, 
suspensions, etc., be included? No. Time spent on vacations or 
holidays, disciplinary suspension, medical leaves, etc., are not 
considered time worked in calculating the 1,250 h

Health Insurance Portability and Accountability Act of 1996 (HIPAA)
Ensures that all medical records, medical billing, and patient accounts 

meet certain consistent standards with regard to documentation, 
handling and privacy

Requires that all patients be able to access their own medical records, 
correct errors or omissions, and be informed how their personal 
information will be shared and used

Immigration Reform Control Act (IRCA)

(continued)



152 Assisted Reproductive Technology Practice Management

2.4  Site of Service Designation

Site of service considerations in the practice of reproductive 
endocrinology and infertility are multilayered. A recent study 
suggests that IVF is underutilized in the United States (<250 
cycles /100,000 women) and this is primarily due to the lack 
of insurance coverage [4]. Comparing states with mandated 
insurance coverage to nonmandated states shows a significant 
increase in available providers, and higher utilization rates. 
The same study shows a positive correlation between the 
number of physicians in a fertility center and the number of 
cycles performed by each physician, encouraging a group 
model for physicians desiring a robust REI practice.

Over the last 30 years, there has been a shift from academic 
REI practices to private practice. Soules pointed out that the 
resources of an academic medical center should provide 

a competitive advantage to an academic ART program. 
However, a number of impediments found in the academic 
model must be addressed in order to create a successful 
marriage between academics and REI [5]. One of the first 
issues is to determine the site of service designation and 
hence management model. In order to complete effec-
tively, many would argue that the academic ART program 
must designate the practice as a free-standing clinic also 
known as a site of service 11 designation, or function as 
such within a provider/hospital-based, site of service 22 
clinical designation.

Recent developments in federal reimbursements for 
provider-based ambulatory services within academic medical 
centers (AMC) have prompted a reevaluation of outpatient 
reimbursements on the basis of site of service designation. 
Although Medicare is not a supplier of fertility services, 

US Federal Employment Laws Summary

Please check with your state DOL, and / or attorney.

IRCA prohibits employers from knowingly hiring, recruiting, 
referring, or continuing the employment of aliens who are not 
authorized to work in the United States due to entering the country 
illegally or because of their immigration status

All public-and private-sector employers, regardless of size or number 
of employees, must verify the citizenship or employment status of 
new hires

Employers with more than three but fewer than 15 employees may not 
discriminate according to citizenship status or national origin

Verification requirements
 When an applicant is hired, the employer must sign a Form I-9 

attesting that it has examined appropriate documents, provided by 
the applicant, which verify the applicant’s identity and authoriza-
tion to work in the United States

 The applicant must also attest on the form that he/she qualifies for 
employment

 Verification must be done within 3 days of hire, but it could be 
extended to 90 days if the employee presents a receipt proving that 
an application for replacement of the authorization document has 
been filed

 If employees are hired for fewer than 3 days, the I-9 form must be 
completed at the time of hire

Occupational Safety and Health Act (OSHA)
Employers have a duty under the OSHA to provide their employees 

with work and a workplace free from recognized, serious hazards
OSHA enforcement occurs through workplace inspections and 

investigations which can be prompted by employee complaints
Pregnancy Discrimination Act
 An amendment to Title VII of the Civil Rights Act of 1964
 Discrimination on the basis of pregnancy, childbirth or related 

medical conditions constitutes unlawful sex discrimination under 
Title VII

 Women affected by pregnancy or related conditions must be treated 
in the same manner as other applicants or employees with similar 
abilities or limitations

Table 2.6 Health Information Privacy Act Requirements and 
Authorizations (HIPAA) for Release of Information

Requirements of the Privacy Rule
1. Notifying patients of the office privacy policy
2. Making a good faith effort to receive acknowledgement that the 

patient has received the office privacy policy
3. Training employees in the privacy procedures adopted by the office
4. Designating a privacy officer to oversee the implementation and 

progress of the privacy procedures
5. Securing patient information so that they are not readily available 

to unauthorized persons
Elements required in Authorization for Release of Information under 

HIPAA
1. A description of the information to be used or disclosed
2. Identification of the person (or class of persons) authorized to use 

or disclose the personal health information
3. Identification of the person (or class of persons) authorized to 

whom the covered entity may make the authorized disclosure of the 
personal health information

4. A description of each purpose of the use or disclosure
5. An expiration date or event
6. The patient’s signature and date
Additional notifications required in the authorization
1. A statement that the patient may revoke the authorization in writing 

and instructions on how to exercise that right
2. A statement regarding the conditioning of the treatment on first 

obtaining authorization, and the consequence of not providing 
authorization

3. A statement regarding the potential for the personal health 
information to be re-disclosed by the recipient

An authorization is not valid if it contains any of the following defects
1. The expiration date has passed, or the expiration event has 

occurred, and the health care provider is aware of that fact
2. Any of the core elements or required notification statements are not 

present in the authorization
3. The authorization violates specifications in the Privacy Rule 

regarding authorizations or
4. The health care provider knows that the information in the 

authorization is not true

Table 2.5 (continued)
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many of the codes that apply to procedure and evaluation 
and management codes are based indirectly on Medicare 
reimbursement levels. Furthermore, most ART Centers 
began within the confines of the academic umbrella, but 
increasingly have found this financial and governance 
arrangement to be suboptimal in achieving maximal effi-
ciency, growth and competitive footing. Thus, the ART cen-
ters associated with academic institutions must be aware of 
the history, advantages and disadvantages of various site of 
service designations and their resultant flow of funds and 
governance models.

In the early 1980s, Medicare implemented cost control 
mechanisms including an inpatient prospective payment sys-
tem (PPS). Hospital payments were based on the cost-basis, 
but the Tax Equity and Fiscal Responsibility Act of 1982 
(TEFRA) included a 40% discount on professional fees for 
Medicare services in provider-based facilities. Accordingly, 
many outpatient practices were designated as freestanding to 
avoid these professional fee discounts. In 1989, Medicare 
regulations relating to indirect medical education (IME) 
costs were changed so that IME was to be paid only for 
costs incurred in provider-based settings. Additionally, the 
resource-based relative value scale (RBRV) was deployed. 
The TEFRA discount was replaced with a site-of-service 
discount to be applied only to only certain services. In order 
to adjust to these Medicare reimbursement course changes, 
many AMCs countered by converting many outpatient free-
standing clinics to hospital-based clinics in order to enhance 
Medicare reimbursements.

In 1997, the Balanced Budget Act (BBA) changed the 
reimbursement structures again and later implemented an 
outpatient PPS (2000). This system replaced a host of hospi-
tal outpatient payment mechanisms (e.g., lower of costs or 
charges, fee schedules, blended payment amounts) with 
350+ ambulatory payment classifications (APCs). These 
changes caused significant concern that the APC imple-
mentation would remove the advantages of provider/hospital-
based clinics. However, simultaneously the BBA established 
specific detailed guidelines defining provider/hospital-based 
clinics, causing AMCs serious reservations about converting 
these clinics to free-standing clinics because of the costly 
and labor intensive governance and operational changes 
that would be required, which were not familiar to many of 
these AMCs.

At present, designation as a freestanding or provider-
based clinic affects the dollar value of the professional 
fee received and whether a facility fee is to be paid. 
Specifically, in free standing clinics, the physicians receive a 
full Medicare RBRV payment rate but no separate facility 
fee since the full RBRV payment includes a practice expense 
payment component. In the provider/hospital-based clinic, 
the physicians receive a reduced Medicare professional fee 
(meant to cover work and malpractice expenses and a reduced 

practice expense component). The hospital in a provider/
hospital-based clinic model receives a separate facility fee 
from Medicare (i.e., practice expense reimbursement). The 
provider/hospital-based clinic receives a significantly higher 
amount when both the professional and facility fee are com-
bined compared with the free-standing clinic model. Despite 
this fact, many services, including ART practices find that a 
detailed analysis of reimbursement flow of funds, and gover-
nance shows a distinct advantage to the free-standing clinic 
model.

Many academic medical centers have found it useful to 
evaluate the potential advantages/disadvantages of site of 
service designation, in a clinic-by-clinic fashion, using a 
detailed analysis of patient billing information that includes 
CPT codes, CPT code volumes, and location of service for 
all Medicare and third party payer charges. The patient level 
data must be categorized based on APCs, and relative values 
units calculated under both the freestanding and provider-
based scenarios and adjusted by the various third party payer 
contracted rates.

Potential benefits of provider/hospital-based clinics 
include a significantly higher combined Medicare reimburse-
ment, which likely does not affect an REI clinic; higher 
reimbursement from selected payers; opportunity for joint 
hospital-physician management; and, potentially greater 
flexibility to finance/grow physician practices through 
increased hospital revenue sharing. The potential disadvan-
tages of provider/hospital-based clinics include: higher prac-
tices costs related to the hospital’s employment wage and 
benefit rates, costly facilities and less efficient cost control; 
greater governance complexities and regulatory burdens and 
their associated inefficient bureaucracies; compliance issues 
related to hospital-based clinic standing, and the negative 
impact of split billings.

Advantages found in free-standing clinics include a 
practice expense payment component, which in the case of 
many REI practices outweighs the Medicare-based reim-
bursement model; a higher reimbursement from selected 
payers determined through an analysis of codes and reim-
bursements; the opportunity to solely manage the opera-
tion without restrictions imposed on the provider-based 
model; and greater flexibility and freedom in directing 
profit margins solely to the practice missions. Disadvantages 
include capitalization of the practice including clinic, 
equipment (ultrasounds, laboratory, furnishings, supplies), 
and staff; assuming responsibility for employment and 
discipline and other human resource management issues; 
assuming responsibility for all regulatory burdens associ-
ated with the practice including the College of American 
Pathologists (CAP); Certified Laboratory Improvement 
Amendments (CLIA), Society for Assisted Reproductive 
Technology (SART); and Food and Drug Administration 
regulations.



172 Assisted Reproductive Technology Practice Management

ART facilities in the United States have a complex mixture 
of self pay, and third party payers who base their reimbursement 
levels indirectly on Medicare rates. Many academic ART 
centers have, over the years, found the loss of or inadequate 
sharing of facility fee payments made to the hospital gradu-
ally drains the incentive of hardworking practitioners. In 
these cases, either an unfortunate complete separation of the 
ART center from academia, or a less drastic separation 
of the ART clinic from the hospital have been the outcome. 
Alternatively, well governed and transparent hospital 
systems accounting for the differences between the site of 
service designations have been successful despite the desig-
nation. Regardless of the site of service designation utilized, 
transparency and clear communication regarding the facts 
surrounding the individual practice must be visible and 
understood by departmental, hospital and school of medicine 
leadership in order to perpetuate the successful union of 
academia and ART.

2.5  Optimizing Practice Outcomes Through 
Quality Improvement

Because REI practices combine both medical and laboratory 
medicine, understanding of a number of quality improvement 
management tools is required. Fertility practices function 
under a number of federal regulations [HCFA (CMS)-88; 
FDA-21CFR 606 and 21CFR211; FDA GTPs-21CFR 1271; 
CMS-CLIA 42 CFR] and accrediting organizations (Joint 
Commission on Accreditation of Healthcare Organization 
(JACAHO), the College of American Pathologists (CAP); and, 
the Society for Assisted Reproductive Technology (SART)). 
Recent establishment of the Food and Drug Administration’s 
Good Tissue Practices regulations (Section 361 Public Health 
Services Act 21 CFR 1271.160) regarding egg and sperm 
donors and surrogacy arrangements mandate that each center 
establish and maintain a quality program which is designed 
to prevent, detect, and correct deficiencies that could lead to 
the risk of introduction, transmission, or spread of communi-
cable diseases.

The major requirements of these regulations are to 
develop standard operating procedures (SOPs) for the 
following: the organization’s quality improvement program; 
training and education; resource management; equipment 
management and upkeep; supplier and client issues; process 
control; documents and record management; deviation, 
nonconformance, and adverse (error) event management; 
internal and external assessment (audits); process improvement 
through corrective and preventative actions; and facilities 
management and safety programs. Furthermore, any software 
that is part of the center must be validated (installation, oper-
ational, and product qualification). In the past, the majority 

of these regulations could be managed through the andrology/
embryology component of the fertility center. However, the 
broad reach of the regulations now applicable require the 
full participation and adherence of both REI and andrology/
embryology supervisors and staff. Supervisors of academic, 
free-standing or hospital-based clinics must assume these 
responsibilities and insure that an effective and functional 
program is operational.

The optimization of practice outcomes also suggests a 
reworking of the SART CORS IVF data collection system, 
which is considered by many to be inadequate for the appro-
priate biostatistical analysis of outcomes from IVF. Hopefully, 
future leaders will accept this challenge and make the neces-
sary changes.

The American Society for Reproductive Medicine (ASRM) 
recommends that all ART practices participate in the Centers 
for Disease Control (CDC)-SART registry data collection. 
From this data, each practice releases identifiable, clinic-
specific success rates. The embryology laboratory is required 
to maintain a policies and procedures manual and personnel 
employment, training, evaluations, and continuing educa-
tion. Details of employees who handle gametes and embryos 
during a cycle must be documented. All of the laboratory 
records and documentation must be maintained for time 
periods specified in federal, state and local laws or for a 
minimum of 10 years beyond the final disposition of embryos 
or gametes. The records must be maintained on site for 
2 years. In the event that the laboratory ceases operation, 
provisions must be made for these records to be maintained 
according to the time frame required.

Practices must adhere to ASRM, SART, and Federal 
Trade Commission guidelines relating to advertising and the 
use of SART statistics [6]. These guidelines, presently under 
revision, state that all claims be supported by reliable data 
and avoid misleading the public into believing that the 
chances for success are greater than they actually are. 
Furthermore, practice statistics should include all initiated 
cycles, including research cycles, and that the method used 
to calculate success. The numerator and denominator must 
be specified (such as live births per cycle initiated, retrieved, 
and transferred). The number of cycles that comprise 
both the numerator and denominator must also be reported. 
If advertised procedures or protocols are investigational 
or experimental, authorization by a properly constituted 
institutional review board (IRB) must be documented. 
Whenever rates are quoted the following statement must be 
included, “A comparison of clinic success rates may not 
be meaningful because patient medical characteristics and 
treatment approaches may vary from clinic to clinic.” This 
statement clarifies for patients that comparing success rates 
between practices is invalid. Using SART Clinic specific 
data for advertising/marketing that ranks or compares clinics 
or practices is unacceptable and is not permitted.
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2.6  Uniform Laws, Regulations, and Case 
Law Pertaining to Art

In light of the complex situations that can evolve in ART, many 
now recommend separate legal counsel for couples undergo-
ing nontraditional parenting arrangements, such as sperm 
donation, egg donation, surrogacy, disposition of frozen 
genetic materials, and same-sex parenting. Laws regarding 
these issues vary by state. A nonexhaustive review of case law 
and Uniform Laws regarding ART and its variations is included 
below to highlight potential conflicts that may arise. The ART 
practice requires competent legal counsel in developing appro-
priate informed consent and disposition documents.

2.6.1  Case Law Regarding Sperm Donation

(laws vary by state)

2.6.1.1  Re Marriage of Witbeck–Wildhagen (IL 1996)

Consents required for sperm donation from both intended 
parents. Married couple utilized sperm donation, but hus-
band had not consented to sperm donation, therefore hus-
band could not be held responsible to assume parentage.

2.6.1.2  Laura G. v. Peter G. (NY 2007)

Intended fathers allowing donor sperm give implied consent. 
State law required written consent for sperm donation, how-
ever, husband’s actions implied consent and child support 
was required from the intended father. Intended fathers 
should sign consent in writing for sperm donation.

2.6.1.3  Thomas S. v. Robin Y. (NY 1994)

Sperm donor authorization document determines donor status. 
Same-sex female couple were using a friend as a known donor 
without consent document. The court awarded the donor the 
right to pursue visitation privileges, which likely would not 
have occurred if a sperm donation consent had been signed.

2.6.1.4  Stevens v. Deborah D. (CA 2005)

Single women using donor sperm should obtain “donor” 
consent. A single woman with a known partner provided 
sperm without consent or agreement. The court held that 
the sperm donor was not the legal father despite the lack 

documentation of “donor” status. A sperm donor has no 
rights and the fertility center should verify that the sperm 
donor is actually a “donor” and that there is no other alter-
native understanding.

2.6.1.5  Ferguson v. McKierman (PA 2004)

Sperm donor authorization required to avoid responsibility. 
A verbal agreement between a single woman and male friend, 
whereby male would act as a sperm donor and have no obli-
gations to the child, was challenged. Court held that sperm 
donor was liable for child support and oral agreement was 
not enforceable.

2.6.1.6  Jackson v. Jackson (OH 2000)

Contemporaneous consent with end dates advised. Husband 
had initially consented to sperm donation and wife then used 
donor sperm 2 years after original consent and husband had 
the burden of proof to document a withdrawal of consent. 
Consents should have end dates.

2.6.2  Egg Donors

ART practices should be cautious to consider the rights of 
both the intended parents and the egg donor. Both indeed are 
patients, and in consideration of the potential complications 
associated with egg donation, many ethicists and legal schol-
ars suggest that a supplemental insurance policy should be 
purchased by the intended parents for the donor. Furthermore, 
some would recommend that the donor be treated by a physi-
cian other than the physician monitoring the egg recipient 
cycle to avoid conflicts of interest. A study by Mastroianni 
revealed that potential donors were given inadequate infor-
mation regarding potential risks of the donation stimulation 
regimen, retrieval and post procedure risks [7].

2.6.2.1  Case Law Regarding Egg Donation

(laws vary by state)

McDonald v. McDonald (NY 1994)

Intent governs parentage when questions arise regarding 
parentage after egg donation. Husband argued for the cus-
tody of child born through donor egg IVF based on ex-wife’s 
lack of a genetic relationship to the child. Court ruled that the 
gestational intended mother is considered the mother.
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2.6.3  Traditional Surrogacy

(laws vary by state)

2.6.3.1  Baby M (NJ 1988)

Risk of traditional surrogacy includes potential for parental 
rights to the surrogate. Traditional surrogate asserted and 
was granted parental rights and visitation. Baby M has since 
terminated the rights of her intended parents and was adopted 
by the surrogate.

2.6.3.2. C of on behalf of T. v. G. (NY 2001)

In traditional surrogacy, parental rights could be granted to 
the surrogate. Same-sex male couple who executed a tradi-
tional surrogacy arrangement, but after birth, the surrogate 
sought and was granted custody if she would return the fee 
paid by the intended parents and pay child support.

2.6.3.3. T. v. G. (NY 2001)

Risk of traditional surrogacy includes potential for parental 
rights to the surrogate. Same-sex male couple entered into 
traditional surrogacy and surrogate later sought custody of 
the children. Despite unenforceable contract, there was evi-
dence of intent and visitation, only privileges given to sur-
rogate if she relinquished the fee to intended parents and to 
paying child support.

2.6.4  Gestational Surrogacy

(laws vary by state)

2.6.4.1  Belsito v. Clark (OH 1994)

Gestational surrogacy upheld by court that deemed genetics 
over birth in assigning motherhood. Court in this case 
held that birth test is secondary to genetics in determining 
“motherhood.”

2.6.4.2  J.F. v. D.B. (PA 2006)

Genetics over birth in gestational surrogacy upheld. Surrogate 
took physical custody of triplets. Court ruled that no law per-
mits genetically unrelated surrogate to have custody.

2.6.4.3  Johnson v. Calvert (CA 1993)

Couple with intent to parent are the parents. Couple entered 
agreement with a surrogate, and court ruled that where there is 
a tie between giving birth and a genetic connection, the court 
will look at the intent to procreate in deciding parentage.

2.6.4.4  Re Buzzanca (CA 1998)

Couple with intent to parent are the parents. Couple utilized 
egg donor, sperm donor, and gestational surrogate and husband 
later claimed nonparent status because there was no genetic 
connection. Court ruled that intent justified his responsibility.

2.6.5  Disposition of Frozen Genetic Material

(laws vary by state)

2.6.5.1  Litowitz v. Litowitz (WA 2002)

Consent document options are critical in disposition. 
Embryos remained after using donor egg IVF. Couple sepa-
rated with wife desiring another child and husband choosing 
donation of the embryos to third party. Court ruled embryos 
would be destroyed as noted on the consent document.

2.6.5.2  Roman v. Roman (TX 2006)

Courts look to consent forms in the event of a dispute. Married 
couple with three frozen embryos. In divorce proceedings, the 
wife sought use of frozen embryos to have a child on her own. 
Husband wanted embryos discarded. Court ruled consent 
option of disposition in the event of divorce as enforceable.

2.6.5.3  A.Z.v.B.Z. (MA 2000)

Consent documents must be administered properly. Cryo-
preservation document stated that, in the event of separa-
tion, the wife could use the cryopreserved embryos. Consent 
document was not properly administered to husband. After 
divorce, husband wanted to prevent use of the embryos and 
court ruled that involuntary parenthood was not enforceable.

2.6.5.4  Davis v. Davis (TN 1992)

When there is no consent, there is a right to not procreate. 
Divorced couple with frozen embryos, wife wanted to donate 
to third party and husband chose to discard. No consents. 
Court ruled without consent there is a right to not procreate.
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2.6.6  Same-Sex Issues

(laws vary by state)

2.6.6.1  K.M. v. E.G. (CA 2005)

Same-sex cases pose unique intent, birth test and genetic 
questions. Same-sex female couple with K.M. donating the 
egg to E.G. who carried the child. EG refused to allow KM 
visitation after breakup. K.M. had signed donor form relin-
quishing rights as a parent. Court deemed both K.M. and 
E.G. as “mother.”

2.6.6.2  Chambers v. Chambers (DE 2002)

Nongenetic same sex partner can be held responsible. 
A biological mother who used donor sperm to conceive a 
child with former nonbiological intended “mother” sued for 
support. Court held that, despite absence of genetic connec-
tion, the ex-partner’s actions constituted a symbolic act of 
procreation and intended parenthood.

2.6.6.3  Re Parentage of A/B. (IN 2004)

Nongenetic same-sex partner can obtain parental rights. 
Former nongenetic partner sued for parental rights and was 
granted these rights.

2.6.6.4  Kamierazak v. Query (FL 1999)

Nonbiological partner refused parental rights. In a custody 
dispute between lesbian partners, the court held that since no 
statute allowed nonbiological partners parental rights, she 
would not be allowed custody.

2.6.6.5  Re Adoption of A.W., J.W. and M.R. (IL 2003)

Nonbiological partner refused parental rights. Former lesbian 
copartner refused parental rights to children born during 
the relationship because the nonbiological partner had no 
standing.

2.6.6.6  Jacob v. Shultz–Jacob and Frampton  
(NY 2007)

Three-way parenthood ruling. A sperm donor who fathered 
two children, voluntarily contributed financial support and 

interacted in their lives was found to be a biological father 
with obligations to the children which their rearing mothers 
could not waive. Case ensued after separation of the same 
sex-couple.

2.6.7  Posthumous Use of Genetic Material

(laws vary by state)

2.6.7.1  Estate of Woodward v. Comm of Social 
Services (MA 2000)

Wife delivered child conceived with sperm from deceased 
husband. Social Security benefits denied for offspring.

2.6.7.2  Gillett–Netting v. Barnhart (AZ 2004)

Husband banked sperm secondary to cancer for later use. 
Husband confirmed desire to father child after death using 
his frozen sperm. Wife had twins and applied for Social 
Security benefits on behalf of children. Benefits denied by 
Social Security because children were not dependent of 
husband at the time of death. Court found that Social Security 
should provide benefits.

2.6.7.3  In the Matter of Martin B, 2007 NY Slip Op  
(NY 2007)

Two children born to their widowed mother conceived from 
her deceased husband’s sperm are considered his children and 
as such, are entitled to inherit from their grandfather’s estate.

The ASRM has clearly defined guidelines on posthumous 
donation summarized in Table 2.7 [8]. Case law relevant to 
assisted reproduction can be found at: http://www.asrm.org/
Media/LegallySpeaking/legally_index.html

2.6.8  Uniform Laws

In addition to regulations affecting a fertility practice, a 
number of Uniform Laws affect our practice. It is not unrea-
sonable to view the practice of assisted reproduction as 
one of the most regulated medical specialties in the world. 
The Uniform Parentage Act (UPA) and Uniform Status of 
Children of Assisted Conception Act (USCACA) estab-
lishes regulatory guidelines by which our specialty operates 
(Table 2.8).

http://www.asrm.org/Media/LegallySpeaking/legally_index.html
http://www.asrm.org/Media/LegallySpeaking/legally_index.html
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2.7  Resolving Problems

Recent establishment of the FDA’s Good Tissue Practices 
regulations (Section 361 Public Health Services Act 21 
CFR 1271.160) regarding egg and sperm donors and 

surrogacy arrangements, require that each center establish 
and maintain a quality program which is designed to prevent, 
detect, and correct deficiencies that could lead to the risk 
of introduction, transmission, or spread of communicable 
diseases.

As noted previously in Optimizing Practice Outcomes: 
Quality Improvement, practices are now required to have an 
active quality improvement program which includes training 
and education; resource management; equipment manage-
ment and upkeep; supplier and client issues; process control; 
documents and record management including software 
validation; deviation, nonconformance, and adverse (error) 
event management; internal and external assessment (audits); 
process improvement through corrective and preventative 
actions; and facilities management and safety programs. 
Supervisors of academic, free-standing or provider/hospital-
based clinics must assume these responsibilities and insure 
that an effective and functional program is operational. 
Analysis of processes and identification of problems and 
their causes are key components of ART quality improvement 
programs. A brief familiarization with analysis techniques 
is instructive.

2.7.1  Six Sigma

Six Sigma is a quality improvement methodology to reduce 
errors in manufacturing originally formulated by Bill Smith, 
a senior engineer at Motorola in 1986 [9].

Six Sigma provided Motorola the ability to address manu-
facturing quality concerns and support functions throughout 
its organization, from manufacturing to support functions. 
The application of Six Sigma also contributed to Motorola 
winning the Malcolm Baldrige National Quality award in 
1988. The impact of the Six Sigma process on improving 
business performance has been dramatic and applicable to 
other organizations, such as General Electric, Allied Signal, 
and Citibank.

Six Sigma methodology is increasingly considered a mis-
sion-critical best practice, among mid-sized and smaller 
firms. Motorola claims over 20 years a $17 billion dollar 
(US) in savings as of 2006, which they attribute to the 
program.

Six Sigma asserts the following guiding principles:

 1. Continuous efforts to reduce variation in process outputs 
is key to success.

 2. Healthcare and laboratory processes can be measured, 
analyzed, improved and controlled.

 3. Succeeding in achieving a sustained quality improvement 
requires commitment from the entire organization, par-
ticularly from top-level management.

Table 2.7 Posthumous donation

Many programs for assisted reproduction have consent forms that 
stipulate the disposition of gametes and embryos, including 
disposition after death of one or both gamete donors or after a 
certain period of time. If donation after death is declined, this 
should be honored. Whether a time limit should be put on how 
long after death such gametes or embryos might still be used is 
problematic. It is not clear how the interval between death and use 
would affect the process and the outcome, but the general 
presumption is that such use should occur within an interval of no 
more than a few years. Programs are urged to insist that donors 
make their wishes known. If no decision on disposition after death 
has been made, one would expect that in most instances this would 
preclude any posthumous use.

A request by a husband or wife for use of stored gametes or embryos 
to override a prior denial of posthumous reproduction by the 
deceased spouse should not be honored. A spouse’s request that 
sperm or ova be obtained terminally or soon after death without the 
prior consent or known wishes of the deceased spouse need not be 
honored. Such requests pose judgmental questions that should be 
answered within the context of the individual circumstances and 
applicable state laws. Many programs stipulate that unless 
otherwise instructed, frozen embryos will be discarded after death 
of either or both partners. Sperm banks are not uniform in the way 
they deal with saving or discarding samples from deceased donors, 
and a sperm bank may or may not know of a donor’s death if all 
testing of the donor to exclude infection already has been 
performed.

Ethics Committee of the ASRM. Posthumous donation. Fertil Steril 
2004; 82; S260–S262

Table 2.8 Uniform Parentage Act Summary (1973)

Husband and wife must provide written consent for donor insemina-
tion. Furthermore, the donor must sign a consent to act solely as a 
donor. The Donor is not considered the father but the intended 
father is assigned this right. Section 7 (2000 amendment) extends 
the act to include assisted reproduction including IVF and 
addresses death and divorce. Section 8 applies to gestational 
agreements and allows a written agreement between the gesta-
tional mother, her husband, donor and intended parents. No 
limitations are placed on an egg donor’s or gestational carrier’s 
right to make decisions regarding their own health and/or the 
health of the embryo or fetus. The intended parents must be 
married and both must sign the agreement. The court is to be 
petitioned for validation of the agreement. The court will validate 
the agreement, only if: the couple have lived in the state for 90 
days; there is a medical necessity; a home study has been 
performed; the intended parents, gestational carrier; and donor, if 
any, have all entered into the written agreement; a provision is 
made for all reasonable health care expenses, but insurance is not 
required; a reasonable compensation is allowed for the gestational 
carrier. The intended parents must file notice with the court within 
30 days of birth.
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The applicability of this quality manufacturing 
methodology has been modified for retail and healthcare 
applications. The method has two techniques DMAIC 
(Table 2.9) and DMADV (Table 2.10) which were inspired 
by W. Edward Deeming’s Plan-Do-Act-Check cycle [10]. 
DMAIC is used to improve the business process and DMADV 
is used to develop new successful processes. Critics of the 
program report that a number of large companies have failed 
to realize the benefits noted by Motorola and that it is 
designed to fix existing processes and doesn’t help define 
new, innovative methodologies. Regardless of the potential 
weaknesses in the program, it has shown success in the 
laboratory-based medical service industry.

Training in these techniques is available through Motorola 
University online and in regional classes. (http://www.
motorola.com/motorolauniversity.jsp?ref=modules)

2.7.2  Root Cause Analysis

In the analysis phase, useful techniques include Root Cause 
[11] and Ishikawa Fishbone Analysis [12].

The goal of a Root Cause Analysis is to find out

What happened• 
Why did it happen• 
What to do to prevent it from happening again.• 

Root Cause Analysis is a tool for identifying prevention 
strategies utilized within a culture of safety and beyond the 
culture of blame. In Root Cause Analysis, basic and contrib-
uting causes are discovered in a process similar to diagnosis 
of disease – with the goal always in mind of preventing 
recurrence.

Root Cause Analysis is a process that is:

Inter-disciplinary and involves experts from the frontline • 
services
Involves all who are the most familiar with the situation• 
Layered, and continually digs deeper by asking why, why, • 
why at each level of cause and effect
Reformative, and identifies changes that need to be made • 
to systems
Impartial and avoids the assignment of blame• 

Root Cause Analysis must include the:

Determination of human and other factors• 
Determination of related processes and systems• 
Analysis of underlying cause and effect systems through • 
a series of why questions
Identification of risks and their potential contributions• 
Determination of potential improvement in processes or • 
systems including evidence-based information

The Five Whys used in Root Cause Analysis are an analy-
sis tool that doesn’t involve data segmentation, hypothesis 
testing, regression or other advanced statistical tools, and in 
many cases can be completed without a data collection plan 
thus making it useful in all situations, with or without a Six 
Sigma project. Through repeatedly asking the question 
“Why” (five is not an absolute rule), organizations can peel 
away the layers of symptoms which can lead to the root cause 
of a problem. Not infrequently, the reason for a problem will 
lead to another question (Table 2.11).

2.7.3  Ishikawa Fishbone Analysis

An Ishikawa fishbone (cause and effect) diagram (Fig. 2.7) 
helps groups explore visually all potential or real causes that 
result in a problem or process failure. Major inputs to the 

Table 2.10 DMADV develops new processes

DMADV involves the following five steps in developing new 
processes:

 Define the goals of the design activity that are consistent with the 
mission, vision and values of the practice

 Measure and identify CTQs (critical to quality), desired outcomes, 
process capabilities, and risk assessments

 Analyze to develop and design process and outcome alternatives, 
create high level process and outcome design and evaluate the 
designed process capacity to obtain desired outcomes

 Design details, optimize the process, and plan for process/outcome 
verification. This phase requires simulations

 Verify the process/outcome, perform simulations, and finally 
implement the process

Table 2.9 DMAIC improves processes

DMAIC consists of the following five steps to improve processes in 
medical practices

 Define the process improvement goals that are consistent with the 
mission, vision and values of the practice

 Measure the current processes and collect data for future 
comparisons

 Analyze to verify various relationships and causalityof factors. 
Determine what the relationships are, and attempt to consider all 
factors

 Improve or optimize the process based upon the analysis using a 
variety of enhancement techniques

 Control to ensure that variations in standard processes are corrected. 
Set up simulations to establish process capacity and standardiza-
tion. After implementation continue to monitor the process

Some managers have added DMAICR (Realize). Critics contend that 
focusing on the financial gains realized through Six Sigma is counter-
productive and that financial gains are only by products of a good 
process improvement

http://www.motorola.com/motorolauniversity.jsp?ref=modules
http://www.motorola.com/motorolauniversity.jsp?ref=modules
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development of the problem can be established on the fish-
bone such as: People; Policies; Procedures; and Technology 
and then the participants use the Five Whys technique to drill 
down to the root causes.

To create a fishbone diagram, start with stating the problem 
as a question, such as “Why is the no show rate so high?” 
The team should agree on the statement of the problem 
and then place this question in a box at the “head” of the 
fishbone. Posing it as a “why” question will help in brain-
storming, as each root cause idea answers the question.

The rest of the fishbone then consists of one line drawn 
across the page, attached to the problem statement, and sev-
eral lines, or “bones,” coming out vertically from the main 
line. These branches are labeled with different categories. 
The categories you use are up to you to decide. There are a 
few standard choices: people, policies, procedures, and 
technology.

2.7.4  Lean Process

In 1913, Henry Ford integrated interchangeable parts and 
defined work tasks with conveyors to create what he called 
“flow production.” The revolutionary “assembly line” con-
cept provided simultaneous delivery of perfectly fitting com-
ponents directly to line side. The problem with his system 
was limited variety of the product.

To provide variety, automobile production systems 
regressed toward process areas with much longer throughput 
times. More efficient machines lowered costs per process 
step, but in most cases increased throughput times and inven-
tories. Furthermore, more robust information management 
systems were required.

In the late 1940s, Kiichiro Toyoda and Taiichi Ohno, and 
others at Toyota determined that a series of simple innova-
tions, known as the Toyota Production System, would pro-
vide both continuity in process flow and a wide variety of 
products. This system changed focus from individual 
machines and their utilization, to the flow of the product 
through the process. By right-sizing machines for the actual 
volume, introducing self-monitoring machines to ensure 
quality, lining the machines up in process sequence, pio-

Table 2.11 The five whys

1. Writing down the specific problem. Identifying the problem helps 
the assembled team to formalize the problem, describe it com-
pletely, and focus specifically on the same problem.

2. The facilitator asks: “Why did the problem happen?” and writes 
the answer down below the problem.

3. If the answer provided doesn’t clearly identify the root cause of the 
problem written in Step 1, ask “Why?” again and write that answer 
down.

4. Loop back to step 3 until the team agrees that the problem’s root 
cause has been identified. This may take fewer or more than five 
“Whys?”.

Problem statement: Patients are unhappy because they are waiting too 
long for ultrasounds performed for ovulation induction and IVF

1. Why are the ultrasounds taking so long? Because turnover in the 
ultrasound rooms has been delayed by 7–20 min per room 
according to a recent time/flow study compared to a previous 
study.

2. Why did the time/flow study change? Because the MA is less 
efficient in bring the patients back to the room and we don’t get the 
patient out after the ultrasound as quickly as we previously did.

3. Why is the MA less efficient? Why is there a delay “post scan – out 
of room time”? Because we have changed the time retrievals are 
performed to coincide with ultrasound monitoring scheduling 
which diverts the attention of the MA to other duties associated 
with the post-retrieval process and not the ultrasounds. One new 
physician has increased in room consultation time with the patients 
rather than diverting that conversation to the consult room, thus 
slowing turnover in the ultrasound rooms.

4. Why did we move retrieval time to coincide with ultrasounds? Why 
does the physician consult immediately after the ultrasound? 
Because the clinic manager wanted to control overtime costs 
associated with retrievals performed outside of routine business 
hours. The retrieval times were simultaneously scheduled during 
morning ultrasound hours. Because the physician feels “better 
care” is provided with immediate consultation rather than consult 
room consultation.

Resolution: A time/flow study showed the staffing ratio and ultrasound 
machine availability to still be adequate. It suggested the “distrac-
tion” of the MAs (only a few minutes, but cumulatively up to 1 h) 
associated with the help they provided in post-retrieval recovery 
could be eliminated by having them carry an office pager that 
would page them each time a patient arrived for an ultrasound 
study with the patient’s name. Once they had brought the patient 
back to the room they would erase that page. A survey to patients 
over 1 week revealed that patients did appreciate physician 
attention, but in fact, would rather dress and discuss them in the 
consult office. All physicians were advised that it was policy to 
complete the ultrasound and say, “Please dress now and we will 
discuss your findings and plan in the consultation room.” 
Physicians were advised of the need to complete the ultrasound 
examination within 5 min. Implementation and re-implementation 
of these practices resulted in the previous time/flow patterns that 
accommodated the clinic volume and improved patient satisfaction 
with only a $90 dollar per month cost increase and the complete 
elimination of the previous overtime expenditures for “outside of 
normal business hour” retrievals.

Fig. 2.7 Ishikaura fishbone diagram
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neering quick machine setups so each could produce small 
volumes of many parts, and having each process step notify 
the previous step of its current needs for materials, it would 
be possible to obtain high quality, low cost variety with 
rapid throughput in order to meet changing customer prefer-
ences. The process of LEAN was outlined in the book 
The Machine That Changed the World (1990) by James P. 
Womack, Daniel Roos, and Daniel T. Jones. ISBN-10: 
0743299795 (Fig. 2.8). Subsequently, the same authors 
distilled the lean process into five key principles adjusted 
for medical processes in Lean Thinking (1996), ISBN-13: 
9780684810355 (Fig. 2.9).

Lean Process principles:

Specify the value(s) desired by the patient• 
Identify the process stream for each product that provides • 
the specified value and challenge all of the wasted steps in 
that process
Make the process flow around the patient adding value-• 
added steps
Introduce points where continuous flow is possible• 
Manage toward perfection so that the number of steps and • 
the amount of time and information needed to serve the 
customer continually falls

Tables 2.12 and 2.13 provide overviews for determining 
value and the Lean Process, respectively. 2.8  Capital, Capital Management and Capital 

Expenditures

Capital is defined as any asset, tangible or intangible, that is 
held as a long-term investment. Capital, combined with oper-
ating cash flows is the currency that allows practices to fulfill 
their missions of clinical care, education and in academic 
settings, research. Capital allows the practice to expand, buy 
equipment, add staff and faculty, finance receivables, con-
duct preliminary research with the goal of obtaining extra-
mural funding, and build reserves.

Every medical practice must deal with capital and capital-
ization issues on a continuous basis. Three types of capital 
and their management are required:

Investment Capital: comes from your institution, depart-• 
ment or division in an academic setting, individual physi-
cians/embryologists, and/or an investor or donor. If you 
are in a University setting and you have created a site of 
service 11 clinic /private clinic, some combination of the 
above is likely. Capitalizing the operation is like buying 
stock in a publicly traded firm, except the investments 
made these small medical practices differ from other 
investments because there is no after-market for the con-
tribution. Therefore, you typically won’t get your invested 
capital out until you sell the clinic. For this reason invest-
ment capital is commonly kept as low as possible. This is 
particularly true in the University setting, even if the 

Fig. 2.8 The Machine That Changed the World (1990) by James P. 
Womack, Daniel Roos, and Daniel T. Jones. (ISBN-10:0743299795)

Fig. 2.9 Lean Thinking (1996) by James P. Womack, Daniel Roos, 
and Daniel T. Jones. (ISBN-13:9780684810355)



252 Assisted Reproductive Technology Practice Management

Table 2.12 Determining value in the lean process

In the lean process, every step within every activity in your practice – from the check-in to the rooming processes, to ultrasound monitoring, to 
discussion of medication use, to medication dispensing – should add value for your patients. While, some steps or processes may not be 
directly valuable to patients they may be essential to operating your business. The point of the lean process is to make the patient’s experience 
as value-added as possible. When you create a value-added experience for the patient, you also create a more efficient, and effective practice.

To understand what is truly important to your patients, there are several ways of collecting their views. Surveys regarding specific processes and 
open ended questionnaires elicit needed changes. Mock patient visits are also enlightening. Periodic phone calls to your own practice will 
demonstrate scheduling, patient service issues and are often available through the institution (Mystery Shopping). Having a monitor/patient 
advocate sit through patient your processes from registration to discharge will be uniquely informative. (See the Dartmouth workbook and 
turn to the “Through the Eyes of Your Patients” worksheet for help in conducting a walk-through.) Stepping back and simply observing the 
flow of your care process will also provide additional insights. A tool for these observations is the “Gaining Customer Knowledge” 
worksheet, found at http://cms.dartmouth.edu/images/PDF%20Files/GainCustKnowWrksht.pdf.

The Picker Institute has identified eight dimensions of patient-centered care: (1) respect for their values, preferences and needs, (2) information, 
communication and education, (3) access to care, (4) emotional support, (5) involvement of family and friends, (6) continuity of care and 
seamless transitions, (7) physical comfort and (8) coordination and integration of care. Details on the eight dimensions can be found at: 
http://nrcpicker.com/Default.aspx?DN=112,22,2,1,Documents.

Once you understand what your patients want and need from your practice, you can select one aspect of care delivery (e.g., IVF consults with 
physicians and nursing, new infertility visits, follicle monitoring, sonohysterography, hysteroscopy, IVF retrievals) that you will focus on 
first. The process you select should be based on your assessment of patients’ needs. Identify who will be involved in improving the process 
and how you intend to go about it. A key principle of lean design is that those who do the work should design the work based on their 
personal knowledge of the patients’ needs. You next examine the processes, also called “value streams,” with the goal of eliminating all steps 
that do not add value.

Table 2.13 Lean process overview

1. Map the current state. Determine the beginning and ending points of the process from the patient’s perspective. Map all the main steps. To 
insure accuracy, walk the process, considering how, when and where people move and act during the process. Determine who the customers 
and providers are, when and how information is recorded and exchanged and what technologies are applied, sequencing of the steps, what 
triggers each work activity, and how much time is spent at each step, and for the entire process including waiting time. Stay focused on 
high-level steps and focus on the usual process, not on the exceptions.

2. Identify waste. Next, identify any flow problems and/or any steps that do not add value. These flow constraints and value-devoid activities are 
the waste in your process. Lean design identifies seven categories of waste, which can be applied to the practice setting:

 Overproduction involves completing any work that isn’t needed for an encounter, this could include discussing unproven adjuvant to 
therapeutic regimens with no proven benefit.

 Motion refers to any unnecessary movement of patients, staff or physicians. This can be associated with inadequate space planning for high 
utilization periods or lack of equipment (ultrasound).

 Material movement refers to any unnecessary transfers of materials or information, such as the hand-off of patient intake forms from the front 
office to the back office to the physician. Chart and paper shuffling are common material movement waste areas.

 Waiting refers to any delays or idle time involving the patient, physician or staff, such as patients waiting for an exam room to be readied, 
physician or staff waiting for a report to be faxed, physicians waiting for equipment or disposables.

 Inventory involves any information or materials waiting to be used, such as sonohysteroscopy catheters, a stack of unread laboratory reports 
or piles of patient booklets sitting in the waiting area.

 Inappropriate processing refers to handling work in a way that is excessive, such as completing all paperwork in triplicate or scheduling 
separate visits for various evaluations when one visit would suffice. These inappropriate processing encounters are often driven by our payer 
systems.

 Rework involves any unnecessary work required because of an error, such as sending the patient back to the laboratory because a lab order 
was incomplete.

3. Plan the future state. As plan the new process, build in the changes that will eliminate waste problems and maximize value. Some design 
features to consider in rebuilding the process include the following:

 Bring work to the patient.
 Eliminate needless work. Eliminate handoffs or outdated steps you’re completing out of obsolete routines.
 Do all possible to make the physician more effective with the patient.
 Make sure your process involves direct communication between parties.
 Employ technology to improve your process.
 Create broad work roles so your staff can complete their work more efficiently and reduce the number of handoffs.
4. Test and revise the new process. With the redesigned process map, test it. Identify your test procedures, who will be involved, duration of the 

test, and how you will measure efficacy. There are a number of excellent resources for using the plan-do-study-act cycle for rapidly testing 
and implementing change.

http://cms.dartmouth.edu/images/PDF%20Files/GainCustKnowWrksht.pdf
http://nrcpicker.com/Default.aspx?DN=112,22,2,1,Documents
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clinic is a site 11 clinic/private clinic, the University is the 
ultimate owner and the proceeds of sale would typically 
be property of the University.

To capitalize in a University setting, the practice could propose 
investment by the university medical group with or without 
a return on investment. Another option is to tax depart-
mental or divisional revenues to create an investment reserve. 
Additionally, the practice could request departmental tax 
reductions to increase cash flow for investment. Last, gifts 
from donors are a potential source of capitalization. Gifts from 
donors are usually given for a specific purpose, but not always. 
The donor should be approached with a business plan and the 
return on investment terms to using their donation for capital-
ization. These funds could be granted or borrowed with some 
return. The communications should be documented in writing 
and coordinated through the University Development Office.

Retained Earnings: represents the profit made that is left in • 
the clinic, after all expenses have been paid, including 
physician compensation, for strategic initiatives; growth, 
staff, clinical expansion, research, or educational endeav-
ors. This earned income must be transparent and on the 
table for discussion within the academic setting. Institutions 
that cannot create a balance sheet showing annual direct 
earnings will have difficulty growing this service line and 
retaining quality faculty. Both supervising institutions and 
bankers appreciate seeing retained earnings on your bal-
ance sheet, perhaps even more than investment capital 
because it conveys two things: (1) your medical practice 
operates profitably; (2) there is fiscal responsibility in the 
organization which looks to future strategic plans rather 
than immediate distribution. In a University setting, there 
are not tax disincentives to Retained Earnings as there are 
in the for profit setting where Retained Earnings are taxed 
in addition to distributions made to owners. This advan-
tage allows the practice to keep the profit margin to rein-
vest in the strategic mission.
Borrowed Funds: are used to capitalize new space, equip-• 
ment, faculty, staff, or other capital expenditures which 
are borrowed from a bank, individual, or in the university 
setting, the division, department, institution, or an indi-
vidual donation based on institutional guidelines. Debt is 
the most common way to capitalize your practice. Debt 
never sleeps or takes a holiday and must be serviced creat-
ing an incremental drain on the practice’s liquidity. The 
cash flow of the practice must be capable of making these 
payments. Debt should be used as a tool, along with the 
other capitalization mechanisms to meet the initiative and 
goals of the practice.

To determine the clinic’s capital requirements your financial 
advisor and clinic directors must know projected volumes and 
reimbursements and how much is required to operate the clinic. 

A clear estimate of how long it will take you to collect, 
and the terms of payment for purchases will be required to 
plot a financial operating timeline. The timeline will initially 
reveal negative numbers on startup of a clinic and often with 
major capital expenditures and identify new capital required 
monthly.

Some common sense rules are instructive in allocating 
capital. First, don’t deplete operating cash to purchase large 
capital items when interest rates are low. Second, avoid 
borrowing money for operating expenses. Third, the long-
term goal of the clinic should be to fund growth more from 
retained earnings and less from debt.

Every dollar of profit left in the clinic as retained earnings 
is a step toward financial security and the power to move 
nimbly on strategic initiatives determined by your group. 
Retained earnings is the working capital that you don’t have 
to borrow from the bank, institution, individual, and dilute 
your ownership stake with other investors. It is the safety net 
required for uncertain economic times that may dramatically 
affect volumes in a medical clinic providing primarily nonre-
imbursed medical procedures. Having said that, most clinics 
need growth capital faster than profits will generate in 
retained earnings. Thus, the risk/benefit discussions and 
analyses that require professional business management 
combined with supervising physician/embryologist input.

2.8.1  Capital Expenditures

Capital expenditure analyses are required not only in the 
initial practice plan, but with each major capital expenditure 
in all medical clinics. There are multiple project valuation 
methods including payback, average return on book value, 
internal rate of return and the most comprehensive: the Net 
Present Value (NPV) analysis. This calculation estimates the 
project’s impact on the clinic’s overall valuation and whether 
this number will be positive or negative long-term. Three 
steps are required for the NPV analysis: first, a forecast of 
Net Cash Flow (after taxes if a for-profit organization); sec-
ond, a determination of the present value of each year’s cash 
flow by discounting cash flows; and finally, subtraction of 
the project’s up-front cost from the discounted cash flows.

For the net cash flow analysis, a number of questions 
should be considered regarding the incremental revenues and 
costs. When considering incremental volumes and revenues, 
one should determine whether if the service is offered by 
competitors; how current practice patterns will impact utili-
zation whether new technology will eventually render the 
project useless; how present and future payer mix will affect 
reimbursement; and whether reimbursement will remain 
stable over time. The incremental cost analysis includes con-
sideration of the additional staff requirements; the additional 
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supply and equipment required; depreciation; and, expected 
increases in the incremental expenses.

Net Income
+ Interest Expense
+ Depreciation and Amortization
- Capital Expenditures
- Working Capital
Net Cash Flow

The time value of money assumes that money earned 
today can earn interest and money earned tomorrow is of less 
value due to inflation. Therefore, future cash flows projected 
for the capital expenditure analysis must be discounted 
resulting in a Present Value for each year’s cash flow. The 
discount rate for most projects is 8–12% and is based on the 
riskiness of the project and the opportunity cost of investing 
the money in the project. Revenues, expenses and resulting 
cash flows are calculated for 5 or 10 years. Beyond that a 
residual year calculation is used. Residual calculations are 
determined by taking the cash flow of the last year, adding 
back the working capital investment and dividing by a cap 
rate (difference between the discount and inflation rate). The 
final step of the analysis subtracts the up-front project costs 
from the Present Value determination.

Present Value (Project Period + Residual Year) –– Initial 
Investment = Net Present Value

2.9  Employee Requirements

To maximize the success of treatments that involve the 
laboratory handling and manipulation of human gametes 
and embryos, the American Society for Reproductive 
Medicine (ASRM) has established guidelines for personnel 
within the ART practice [13] (Table 2.14).

2.10  Conclusion

Studies estimate that 42% of practice-generated denials are 
attributable to a failure to set up the patient’s insurance correctly 
and 88% of patient-generated errors are due to inaccurate per-
sonal information. Thus, insurance verification and updated 
information from the patient at each encounter are critical 
steps in the revenue cycle. The dollar amount of claims denied 
for registration/insurance related reasons as a percentage 
of total denied dollars may be used to assess registration func-
tion. Healthcare providers in best practices submit the encounter 
form, commonly called a superbill, within 24 h of the encounter. 
Monitoring strategies include nightly reconciliation of missing 

encounter forms with schedules documenting “arrived” 
patients. Charge entry after a patient encounter should be 
completed within 48 h. Within 24 h after the encounter, the 
superbills are collected and batched. In the next 24 h period, 
the charges should be entered. Best practices reconcile miss-
ing charges daily to weekly. Submission of claims and subse-
quent payments are improved by the use of a clearinghouse 
that filters the claim for errors or through the use of a claim 
scrubber. Claim scrubbers allow the provider to utilize the 
same software payers use to deny claims and hold reimburse-
ments longer. Furthermore, practices can identify undercod-
ing in services. Analysis/assessment tools include practice 
metrics and reports that will flag difficulties with the revenue 
cycle. Useful metrics include: accounts receivable (AR); 
claim denials; write-offs; collection rates; patient complaints; 
volume of unanswered payer and patient correspondence; 
claim edits; timely submission of charges; lag days; missing 
charges; and turnover in revenue cycle employees. Of all 
improvements that can be recommended for revenue cycle 
processes, standardization is proven to benefit not only reve-
nue, but quality and patient satisfaction.

Employee files should contain personal information 
(name, address, Social Security number, date of birth and 
education); job application and resume; licenses or certifica-
tions required for the job; a signed employee handbook 
receipt or employment contract; attendance and leave 
records; payroll records; performance appraisals, commen-
dation letters, merit awards; disciplinary records; and, job 
description, title, location and schedule. Employees can 
examine this file once per year in the presence of a desig-
nated representative. The employee has the right to request a 
correction or a deletion or write a statement of disagreement 
with any item in the file in the presence of a designated rep-
resentative. The employee may not remove any item from 
the file. Employers can require a written request to view the 
file. Exempted information regarding personnel files include 
potential job assignment information, and the prediction of 
any future salary or career path information. It is recom-
mended that personnel file be kept for 4–7 years after an 
employee leaves the practice.

Employee discipline should provide, where possible, 
advance notice of the consequences of misconduct; written 
documentation; and actions that are timely, consistent and 
impartial. In the articulation of a disciplinary policy reserve 
the right to choose the level of discipline, up to and including 
termination without resorting to less severe measures. There 
should be a nonexhaustive list of the types of infractions that 
will result in immediate termination. If your policy includes 
progressive discipline, it is mandatory that it is followed to 
avoid a breach of contract or discrimination action. Disciplinary 
actions including warnings and counseling should be docu-
mented in the personnel file. Future expectations should be writ-
ten and state clearly, “we expect that you will…”.
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Table 2.14 ASRM guidelines for personnel within the ART practice

Personnel
There should be a backup system in place for all personnel essential to a program. A single individual may fulfill the requirement for 

expertise in one or more areas. An ART program must include the following personnel:
 A designated overall practice director, medical director, and laboratory director. One individual may fulfill more than one of these 

positions, but the medical director must be a licensed physician.
 An individual with training and experience in reproductive endocrinology, particularly in the use of ovulation-inducing agents and 

hormonal control of the menstrual cycle. An individual who has completed an American Board of Obstetrics and Gynecology (ABOG)-
approved fellowship in reproductive endocrinology and infertility fulfills this requirement.

 An individual with experience in laparoscopic and ultrasound-guided oocyte retrieval techniques.
 An individual with specialized training and experience in gynecologic sonography who provides the monitoring of follicular .development.
 An individual experienced in male reproduction (andrology) with special competence in semenology. If this individual is not a urologist, a 

consultant urologist with expertise in reproductive surgery should be available.
 An embryology laboratory director with personal experience in the organization and maintenance of a clinical embryology laboratory and 

in tissue culture techniques.
 A consultant/mental health professional with expertise in reproductive issues.
 An individual with specialized training and experience in gamete and embryo cryopreservation techniques, when gamete and/or embryo 

cryopreservation is offered.
 An individual with specialized training in gamete biology and micro-operative techniques, if oocyte and/or embryo micro-operative 

techniques are offered.
 Appropriate personnel to perform hormonal assays. An outside laboratory that has demonstrated adequate competence, quality control, 

and service, may be used for rapid assays of all the necessary reproductive hormones (including estradiol and progesterone). Such 
hormone assays should be performed by a laboratory that meets Clinical Laboratory Improvement Amendments of 1988 (CLIA) 
standards.

 Appropriate nursing support.
 An individual or consultant with specialized expertise in genetics or genetic counseling.
ASRM Practice Committee. Revised minimum standards for ART programs. Fertil Steril 2006; 86, S53–S56.
Laboratory director
 An earned doctorate degree (Ph.D.) from an accredited institution in a chemical, physical, or biological science as the major subject, or a 

medical degree (M.D. or D.O.) from an accredited institution, or have qualified as a laboratory director prior to July 20, 1999.
 Effective January 1, 2006, all new laboratory directors should hold High Complexity Laboratory Director (HCLD) or American Board of 

Bioanalysis Embryology Laboratory Director (ABB-ELD) certification or its equivalent. Laboratory directors grandfathered in are 
strongly encouraged to seek HCLD or ELD certification.

 Expertise and/or specialized training in biochemistry, cell biology, and physiology of reproduction with experience in experimental design, 
statistics, and problem solving.

 Experience in formulating laboratory policies and protocols and communication with the medical director regarding patient progress and 
protocols as they affect the laboratory aspects of treatment.

 Two years of documented pertinent experience in a program performing IVF-related procedures. This experience should include:
  1. Familiarity with laboratory quality control, inspection, and accreditation procedures.
  2. Detailed knowledge of cell culture and ART and andrology procedures performed in mammalian systems.
 A period of training of at least 6 months (may be concurrent with documented experience) and have completed at least 60 ART procedures 

under supervision. A procedure is defined as a combination of the examination of follicular aspirates, insemination, documentation of 
fertilization, and preparation for embryo transfer. Satisfactory completion of this period of training should be documented by a signed 
letter from the laboratory director of the training practice.

 12 h of annual accredited continuing education in assisted reproductive technology or clinical laboratory practice.
 Demonstration of technical competence in the embryology laboratory by documenting performance of specific procedures and results that 

are within acceptable standards for that program.
Specific responsibilities of the embryology laboratory director include:
 Providing accessibility for on-site, telephone or electronic consultations as needed.
 Ensuring that the physical plant (space, facilities, and equipment) and environmental conditions of the laboratory are appropriate and safe.
 Maintaining aseptic conditions in the laboratory.
 Ensuring that patient confidentiality is maintained throughout the laboratory ART process.
 Providing an approved procedural manual to all laboratory personnel and establishing and maintaining a laboratory quality assurance 

program.
 Providing consultation to physicians and others, as appropriate, regarding laboratory aspects of treatment.
 Employing a sufficient number of qualified laboratory personnel to perform the work of the laboratory. At a minimum, there should be two 

qualified embryologists. The table below provides minimum staff sizes for the volume of cycles (retrievals and cryopreservation cycles). 
Additional laboratory staff may be required if andrological and/or endocrinological duties are also assigned.

 Ensuring that all personnel receive appropriate training for the ART laboratory procedures to be performed, obtain the required number of 
annual continuing education hours, and demonstrate continued competence for the ART laboratory procedures performed.

(continued)
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Table 2.14 (continued)

Laboratory cycles and embryologists

Number of laboratory cycles Minimum number of embryologists
1–150 2
151–300 3
301–600 4
>600 1 additional embryologist per additional 

200 cycles

Off-site embryology laboratory director
 An “off-site” laboratory director supervises another physical facility, which has a separate identification number (SART number) and 

medical director.
 An off-site director has the same responsibilities as the on-site director and can direct no more than five separate laboratories of any type.
 While the laboratory is actively treating patients, the off-site director must physically visit the laboratory at a frequency that ensures the 

proper patient care during ART.
 The “off-site” director should visit no less than once per month, while the lab is active.
 The lab director should be available at all times by fax, phone, or email for any issues that may arise.
 The off-site director must be present on site for any accreditation or certification procedures.
ASRM Practice Committee. Revised minimum standards for ART programs. Fertil Steril 2006; 86, S53–S56.
Embryology laboratory supervisor
Embryology laboratory supervisors, under the direction of the embryology laboratory director, and as authorized in writing, provide 

day-to-day supervision of laboratory personnel performing ART procedures. If the medical director is also the laboratory director, there 
should be a designated laboratory supervisor. If the embryo laboratory director is located off-site, there should be a designated laboratory 
supervisor. The embryology laboratory supervisor should either meet the qualification requirements designated for laboratory director, or 
fulfill both of the following requirements:

 Have an earned bachelor’s or master’s degree in chemical, physical, biological, medical technology, clinical, or reproductive laboratory 
science from an accredited institution.

 Have documented training, which includes performing, at a minimum, at least 60 ART procedures under supervision.
In addition to meeting these requirements, the embryology laboratory supervisor should:
 Obtain at least 12 h of accredited continuing education annually in assisted reproductive technology or clinical laboratory practice.
 Perform at least 20 ART procedures per year.
Responsibilities of the embryology laboratory supervisor include the day-to-day supervision and oversight of the embryo laboratory and 

laboratory director responsibilities as authorized in writing by the embryology laboratory director.
Embryology laboratory technologist
Embryology laboratory technologists who perform ART laboratory procedures should either meet the qualification requirements for 

laboratory supervisor, or fulfill both of the following requirements:
 Have an earned bachelor’s or master’s degree in chemical, physical, biological, medical technology, clinical, or reproductive laboratory 

science from an accredited institution.
 Have documented training, which includes performing, at a minimum, at least 30 ART procedures under continuous supervision of the 

laboratory director or supervisor.
In addition to meeting these requirements, the embryology laboratory technologist should:
 Annually obtain at least 12 h of accredited continuing education in ART or clinical laboratory practice.
 Perform at least 20 ART procedures per year.
 Experience and documented training in cell culture, sperm-egg interaction, or related areas of animal reproduction are desirable.
Programs for the appropriate training of embryology laboratory technologists should be in place with documentation of completion for each 

employee.
ASRM Practice Committee. Revised minimum standards for ART programs. Fertil Steril 2006; 86, S53–S56.
Medical director
 As of January 1, 2000, a new program’s medical director must be board-certified in reproductive endocrinology and infertility by the 

ABOG, be an active candidate for the same, or be grandfathered as a medical director, provided the individual has training and experience 
equivalent to a board-certified reproductive endocrinologist.

Practice director
 The practice director is responsible and accountable for the activity of the practice relating to ART, and is responsible for officially 

communicating with the Society for Assisted Reproductive Technology (SART) and ensuring that the practice follows SART requirements 
for membership.

Physician performing oocyte retrievals
 Each physician performing oocyte retrievals should have performed at least 20 follicular aspirations under direct supervision within a 

practice that meets these standards. Satisfactory completion of this training should be documented by a signed letter from the practice 
director.

 Each physician should continue performing a minimum of 20 aspirations per year.

(continued)
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Comparing states with mandated insurance coverage to 
nonmandated states shows a significant increase in available 
providers, and higher utilization rates. The same study shows 
a positive correlation between the number of physicians in 
a fertility center and the number of cycles performed by 
each physician, encouraging a group model for physicians 
desiring a robust REI practice.

At present, designation as a freestanding or provider-
based clinic affects the dollar value of the professional fee 
received and whether a facility fee is to be paid. Specifically, 
in free standing clinics, the physicians receive a full Medicare 
RBRV payment rate but no separate facility fee since the 
full RBRV payment includes a practice expense payment 
component. In the provider/hospital-based clinic, the physi-
cians receive a reduced Medicare professional fee (meant 
to cover work and malpractice expenses and a reduced 
practice expense component). The hospital in a provider/
hospital-based clinic model receives a separate facility fee 
from Medicare (i.e., practice expense reimbursement). 
The provider/hospital-based clinic receives a significantly 
higher amount when both the professional and facility fee 
are combined compared to the free-standing clinic model. 
Despite this fact, many services, including ART practices 
find that a detailed analysis of reimbursement flow of funds, 
and governance shows a distinct advantage to the free-standing 
clinic model.

Many academic medical centers have found it useful to 
evaluate the potential advantages/disadvantages of site of 
service designation, in a clinic-by-clinic fashion, using a 
detailed analysis of patient billing information that includes 
CPT codes, CPT code volumes, and location of service for 
all Medicare and third party payer charges. The patient level 
data must be categorized based on APCs, and relative values 
units calculated under both the freestanding and provider-
based scenarios and adjusted by the various third party payer 
contracted rates.

Potential benefits of provider/hospital-based clinics 
include: a significantly higher combined Medicare reim-
bursement which likely does not affect an REI clinic; higher 
reimbursement from selected payers; opportunity for 
joint hospital-physician management; and, potentially greater 

flexibility to finance/grow physician practices through 
increased hospital revenue sharing. The potential disadvan-
tages of provider/hospital-based clinics include: higher prac-
tices costs related to the hospital’s employment wage and 
benefit rates, costly facilities and less efficient cost control; 
greater governance complexities and regulatory burdens and 
their associated inefficient bureaucracies; compliance issues 
related to hospital-based clinic standing, and the negative 
impact of split billings.

Advantages found in free-standing clinics include include: 
a practice expense payment component which in the case of 
many REI practices outweighs the Medicare-based reim-
bursement model; a higher reimbursement from selected 
payers determined through an analysis of codes and reim-
bursements; the opportunity to solely manage the operation 
without restriction imposed on the provider-based model; 
and greater flexibility and freedom in directing profit mar-
gins solely to the practice. Disadvantages include capitaliza-
tion of the practice including clinic, equipment (ultrasounds, 
laboratory, furnishings, supplies), and staff; assuming 
responsibility for employment and discipline and other 
human resource management issues; assuming responsibil-
ity for all regulatory burdens associated with the practice 
including the College of American Pathologists (CAP); 
Certified Laboratory Improvement Amendments (CLIA), 
Society for Assisted Reproductive Technology (SART); and 
Food and Drug Administration regulations. Regardless of 
the site of service designation utilized, transparency and 
clear communication regarding the facts surrounding the 
individual practice must be visible and understood by depart-
mental, hospital and school of medicine leadership in order 
to perpetuate the successful union of academia and ART.**

Recent establishment of the Food and Drug Adminis-
tration’s Good Tissue Practices regulations (Section 361 
Public Health Services Act 21 CFR 1271.160) regarding egg 
and sperm donors and surrogacy arrangements mandate the 
development of standard operating procedures (SOPs) for 
the following the organization’s quality improvement program; 
training and education; resource management; equipment 
management and upkeep; supplier and client issues; process 
control; documents and record management; deviation, 

Table 2.14 (continued)
 It is recommended that the physicians involved in the supervision of the follicular recruitment and oocyte retrieval procedures be 

responsible for the ultrasound monitoring of follicular development.
 Physicians responsible for ultrasound follicular monitoring should have familiarity with basic ultrasound physical principles and 

equipment and should have evidence of training and the requisite competence to adequately perform diagnostic ultrasound examinations.
Nursing
 The registered nurse in the ART setting provides education, counseling, support, and nursing care to patients seeking assistance with 

conception. This role requires structured orientation to the clinical setting and demonstrated competence in the specialty.
Other staff
 Other roles in the ART setting may include unlicensed assistive personnel such as Medical Assistants with specialized training in patient 

care management and technical procedures for the infertile patient.
 ASRM Practice Committee. Revised minimum standards for ART programs. Fertil Steril 2006; 86, S53–S56.
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nonconformance, and adverse (error) event management; 
internal and external assessment (audits); process improvement 
through corrective and preventative actions; and facilities 
management and safety programs. Furthermore, any software 
that is part of the center must be validated (installation, oper-
ational, and product qualification). In the past, the majority 
of these regulations could be managed through the andrology/
embryology component of the fertility center. However, the 
broad reach of the regulations now applicable requires the 
full participation and adherence of both REI and andrology/
embryology supervisors and staff. The embryology labora-
tory is required to maintain a policies and procedures manual 
and personnel employment, training, evaluations, and continu-
ing education. Employees who handle gametes and embryos 
during a cycle must be documented. The ART practice 
requires competent legal counsel in developing appropriate 
informed consent and disposition documents.

Public Health Services Act 21 CFR 1271.160 regarding 
egg and sperm donors and surrogacy arrangements, require 
that each center establish and maintain a quality program 
which is designed to prevent, detect, and correct deficiencies 
that could lead to the risk of introduction, transmission, or 
spread of communicable diseases.

Six Sigma asserts the following guiding principles:

Continuous efforts to reduce variation in process outputs • 
is key to success.
Healthcare and laboratory processes can be measured, • 
analyzed, improved and controlled.
Succeeding in achieving a sustained quality improvement • 
requires commitment from the entire organization, par-
ticularly from top-level management.

The goal of a Root Cause Analysis is to find out

What happened• 
Why did it happen• 
What to do to prevent it from happening again.• 

Root Cause Analysis is a tool for identifying prevention 
strategies utilized within a culture of safety and beyond the cul-
ture of blame. In Root Cause Analysis, basic and contributing 
causes are discovered in a process similar to diagnosis of disease 
– with the goal always in mind of preventing recurrence.

Root Cause Analysis is a process that is:

Inter-disciplinary and involves experts from the frontline • 
services
Inclusive of all who are the most familiar with the • 
situation
Layered, and continually digs deeper by asking why, why, • 
why at each level of cause and effect
Reformative, and identifies changes that need to be made • 
to systems
Impartial and avoids the assignment of blame• 

Root Cause Analysis must include the:

Determination of human and other factors• 
Determination of related processes and systems• 
Analysis of underlying cause and effect systems through • 
a series of why questions
Identification of risks and their potential contributions• 
Determination of potential improvement in processes or • 
systems including evidence-based information.

By repeatedly asking the question “Why” (five is not an 
absolute rule), organizations can peel away the layers of 
symptoms which can lead to the root cause of a problem. Not 
infrequently the reason for a problem will lead to another 
question (Table 2.11). An Ishikawa fishbone (cause and 
effect) diagram (Fig. 2.7) helps groups explore visually all 
potential or real causes that result in a problem or process 
failure. Major inputs to the development of the problem can 
be established on the fishbone such as: People; Policies; 
Procedures; and Technology and then the participants use the 
five Whys technique to drill down to the root causes.

Lean Process principles:

Specify the value(s) desired by the patient• 
Identify the process stream for each product that provides • 
the specified value and challenge all of the wasted steps in 
that process
Make the process flow around the patient adding value-• 
added steps
Introduce points where continuous flow is possible• 
Manage toward perfection so that the number of steps and • 
the amount of time and information needed to serve the 
customer continually falls

Tables 2.12 and 2.13 provide overviews for determining 
value and the Lean Process, respectively.
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Appendix

Business operations require close attention to detail. Most 
billing systems have the ability to extract significant amounts 
of data. The organization of the data is critical, to ensure 
appropriate and maximum oversight of the financial health 
of your practice.

The Operational Indicator (see figure 2.2 for example of 
full report) has been designed to provide a visual overview of 
the financial status of your practice. This picture gives access 
to allow for review of the most immediate month’s data, trend-
ing for 13 months, benchmarking and variances – all at a quick 
glance. This important review can be completed quickly and 
efficiently. Concerns are readily identified to allow the imple-
mentation of timely corrective action. The operational indica-
tor provides a view of financial issues. By having this 
information reported consistently it allows you to recognize 
problems and make adjustments quickly. With relevant, under-
standable data you can ensure that your goals are being met.

The following is a step by step review of the data, shows the 
importance of the assessment of the data, and gives detailed 
examples of areas that should be given additional review.

Please note that for best data review the indicators should 
allow for 13 months of data. Figure 2.2, section 1 reflects 3 
months in the interest of space. You will want to include the 
most current month that has closed and 12 prior months. 

 1-1. Charges – Gross charges keyed into your billing sys-
tem for that specific month.

 You will want to ensure consistency in productivity and 
posting.

 1-2. Payments – Gross payments, prior to refunds posted in 
that specific month.

 It is important to remember that post dates have no 
 correlation to the date of service, or the date the charge 
was posted in the system; especially when it relates to 

insurances and payment plans. A charge could be posted 
in April for a March date of service. A payment may be 
posted in April for a January date of service, etc.

 1-3. Net Payments – Gross payments less refunds
 1-4. Contractual Adjustments – This is the amount that 

has been negotiated with contracted payers and must be 
written off.

 If you have contractually agreed to $1000 reimburse-
ment for a specific code(s), you may bill any amount 
you wish. 

  Billed Amount  $ 1500
  Allowed  $ 1000
    $   500 **
 ** This is a contractual adjustment that must be cred-

ited, and may not be billed to the patient or secondary 
insurances. Watch for unanticipated spikes by specific 
payers in their contractual adjustments. This could indi-
cate changes in their bundling and other payer policies.

 1-5. Refunds – Money returned to insurances and/or 
patients. Refunds are costly. Are there billing practices 
that are contributing such as continuous submission of 
claims instead of actual follow up? The Federal Payers 
expect timely processing of refunds. 

   The following measures are basic but critical to the 
health of your practice.

 1-6. Work RVU – Is a measurement that is used for produc-
tivity. Most CPT codes are assigned a relative value 
unit. An office consult 99243 has a 1.88 wrvu value, 
while an established patient 99203 is 1.34. The wrvu is 
a fairly consistent number that allows for the month to 
month, and year to year trending on productivity in 
your practice.

 1-7. Total Discounts – Provides you with a roll up total of 
adjustments for hardship, bankruptcy, administrative, 
etc. If this number increases, further evaluation of why 
is important.

1-5 Refunds

--------------------- 13 month Co mparison ---------------------------------

2007/Apr 2008/Mar 2008/Apr 12 Mo Total

1-6 Work RVU

$1-7 Total Discounts

$ 516,065 $ 587,332 $ 445,066 $ 4,805,934

$ 241,785 $ 280,658 $ 274,525 $ 2,317,468

$ 239,779 $ 278,667 $ 270,568 $ 2,296,101

$ 182,506 $ 243,076 $ 258,305 $ 1,665,848

$ 2,006 $ 1,991 $ 3,958 $ 21,367

$ 3,730.18 $ 4,371.16 $ 3,367.12 $ 41,471.43

24,348 $ 20,170 $ 9,204 $ 177,087

1-1 Charges

1-2 Payment s

1-3 Net Payments

1-4 Contract Adj

Figure 2.2 section 1

http://www.motorola.com/motorolauniversity.jsp?ref=modules
http://www.motorola.com/motorolauniversity.jsp?ref=modules
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This section provides trending for the measures in figure 2.2.1. 
On a landscape report the above information would be to the 
immediate right (see figure 2.2 for example of full report).

 2-1. Previous 12 Month Total allows a comparison between 
two complete 12 month time periods. This compares 
seasonality, conferences, etc. between years.

 2-2. 12 Month Variance shows the difference between the 
two 12 month periods.

 2-3. 12 Month Average allows you to identify the one 
month average for the last 12 months of information.

 2-4. Current Month Variance show the difference between 
the most current month and the 12 month average. In 
this example the last complete month was April. 
Charges were $445,066. (See figure 1) When compared 
to the 12 month average of $400,494 (2.3) you can 
quickly see the operation has a gain of $44,571 in 
charges. Each measure from figure 1 can be quickly 
reviewed with this structure.

 2-5. Prior Fiscal Year to Date allows an exact month(s) 
review compared to the exact number of months in the 
current fiscal year. For this example, the fiscal year 
begins in July. By April there would be a total of seven 

months reported. 2-5 looks at the seven months of the 
prior fiscal year and compares them to the seven months 
of this fiscal year.

 2-6. Fiscal Year to Date as explained above looks at where 
the operation stands at the end of seven months.

 2-7. Fiscal Year Variance provides a quick snapshot of 
whether the operation is above or behind at this same 
period in the fiscal year (seven months).

Collection agency/bad debt is an area that must be tracked to 
ensure consistent review of aged self-pay and appropriate 
transfer to bad debt (Figure 2.2. section 3). Are self pay 
accounts being reviewed monthly? Are broken payment 
plans for non responsive patients being sent monthly to col-
lections? This type of A/R has your lowest return on staff 
time and effort and should be managed accordingly.

Figure 2.2 section 4 captures your patient population 
payer information. Self-Pay in this category reflects patients 
registered as uninsured. Process review of front desk demo-
graphic capture may be necessary. You may also have a 
referral problem – more than your share of uninsured patients, 
or you may be providing services that insurances do not 
cover.

Figure 2.2 section 2

2-1 2-2 2-3 2-4 2-5 2-6 2-7

Measures
2007/Apr 2008/Mar 2008/Apr 12 Mo Total Prev 12 Mo To t 12 Mo Tot Var 12 Mo Av g CM Va r PFYTD FYTD FY Var

Charges $516,065 $ 587,332 $445,066 4,804,934 1,450,482 $3,355,092 $400,494 $44,571 1173455 4,274,286 3,100,830

Payments $241,785 $ 280,658 $274,525 2,317,468 $  873,820 $1,443,647 $193,122 $81,403 $  682,573 2,099,792 1,417,249

Net Payments $239,779 $ 278,667 $270,568 2,296,101 $  851,197 $1,444,905 $191,342 $79,226 $  663,281 2,079,504 1,416,224

Contract Adj $182,506 $ 243,076 $258,305 1,665,848 $  517,881 $1,147,966 $138,821 $119,484 $  404,273 1,546,604 1,142,332

Refund s $    2,006 $    1,991 $    3,958 $    21,367 $   22,624 ($1,257) $    1,781 $2,177 $   19,293 $    20,288 $995

Work RV U 3,730.18 4,371.16 3,367.12 41,471.43 12,545.59 28,925.84 3,455.95 (88.83) 10,118.74 36,277.79 26,159.05

Tota l Disc ounts $  24,348 $   20,170 $    9,204 $177,087 $19,456 $157,632 $14,757 ($5,553) $16,740 $167,563 $150,824

Figure 2.2 section 3

COLLECTION AGENCY ACTIVITY 2008 March 2008 April 12 Month Total
TO COLLECTIONS $ 119,879 $ 11,979 $ 6,289 $ 12,784

Figure 2.2 section 4

Prev 12 
Mo Mi x Mix CM Mix PYTD Mix FYTD  

BLUE SHIELD $ 93,326 $ 122,022   $ 134,471 $ 1,097,872 $ 91,489 22.84%  $ 372,628 25.68% 30.21% 26.57% 

COMMERCIAL INS $ 3,253 $ 5,761   $ 1,759 $   46,191 $ 3,849 0.96%  $  19,659 1.36% 0.40% 0.87% 0.93%

CONTRACT S $ 143,248 $ 161,619  $ 109,720 $ 1,410,186 $ 117,516 29.34%  $ 548,134 37.78% 24.65% 38.65% 27.80%

MEDICAID $ 156,184 $ 166,431  $ 111,425 $ 1,309,426 $ 109,119 27.25%  $ 351,728 24.24% 25.04% 22.66%   27.76%

MEDICARE $     542 $ 3,912  $ 358 $  17,699 $ 1,475 0.37%  $     4,764
 

0.33% 0.08% 0.41% 0.33%

MISC GOVT $  18,941 $  18,580  $ 14,582 $  131,397 $ 10,950 2.73%  $   35,577 2.45% 3.28% 2.39% 2.94%

OOS MEDICAID $ 24,582 $  10,037  $  8,688 $  103,897 $ 8,658 2.16%  $  30,351
 

2.09% 1.95% 2.25% 2.16%

SELF PAY $  75,989 $ 98,971  $ 64,063 $ 689,266 $ 57,439 14.34%  $  88,001 6.07% 14.39% 6.21% 15.25%

ORIGINAL INSURANCE IN FO CAPTURED   12 Mo Totals 12 Mo Av g 
 Mix 12 

Mo 
 Prev 12 Mo 
Tot 

4-34-24-1

22.83%
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 4-1. Mix Current Month lets you know the population mix 
for the most current post month.

 4-2. Mix Prior Year to Date allows you to compare last prior 
year (exact same number of months) to the current fis-
cal year.

 4-3. Mix Fiscal Year to Date allows you to look and see if 
you are trending up or down of the last prior year’s 
insurance category.

The difference between Original Insurance information 
capture vs. Payer, is the Payer section reflects what percent-
age of your collections is paid by which Insurance Company. 
The measures and columns work the same as above.

If you compare the original insurance information cap-
tures in Fig 2.2 section 4 to payer category in Fig 2.2 section 
5, you can ensure that you do not have a payer category that 
is significantly behind on payments.

Look at Blue Shield in 4-3 you will see the current mix is 
22.83%. Compare this to Blue Shield the payer in 5-3, and 
you will see Blue Shield comprises 24.16% of the total 
collections.

Self-pay (figure 4-3) represented 15.25% of the original 
insurance charges but only 8% of the total collections. 
Reasons may include that many of the invoices initially 
reflect no insurance information and subsequently insurance 
is identified, billed and paid. The difference and primary 
concern would be the actual amount you must adjust off to 
bad debt – see figure 3.

Comprehensive data compilation of your outstanding 
accounts receivable (A/R) allows you to review the specific 
performance of your revenue cycle processes. If you generate 

a large month of billings, did it ultimately get collected? Is it 
being collected timely? Do you have payer/rejection issues? 
Do you have a billing office performance issue? How are we 
doing compared to others? All questions you can answer 
quickly with the data capture and organization indicated 
below in section 6 and 7.

Section 6 provides a succinct summary of aging of your 
outstanding A/R, whereas section 7 expands it to payer cat-
egory. You may want to expand to payer – the report is much 
longer. The key area here to focus on is the aged A/R. If your 
percent of A/R > 20 is higher than the benchmarks (section 
6-5 to 6-7) you wish to compare your practice to, then you 
need to begin the process of drilling down data and processes 
to identify the reasons for the aging. With complete data you 
can determine on what and where you want to focus your 
business office resources.

Benchmarking reflected in 6-5 through 6-7 is Faculty 
Practice Solutions (FPSC). This is appropriate if you are an 
academic institution. Another good source is Medical Group 
Management (MGMA). Also, some societies provide spe-
cific numbers based on surveys of their members.

The categories listed in 7-2 through 7-5 are standard A/R 
breakouts. For space purposes the first two categories of A/R 
0-30 and 31-60 were removed. An important note – A/R is a 
good thing. You have to have it to collect it. It is the age of 
the A/R that must be managed carefully.

In this example, April reflects 37.63% (section 6.4;100-
[17.96+13.12+10.51+20.79=62.38]) of total A/R  outstanding 
is 0-30 days old. The corresponding benchmark indicates 
that the majority of members reported they have about 50% 
in this category 0-30. The first few categories is where you 

5-1 5-2 5-3
PAYER MIX Mix CM  Mix PYTD Mix FYTD 
BLUE SHIELD 21.00% 26.08% 24.16% 

COMMER CIAL IN S 0.54% 0.66% 0.96% 

CONT RACT S 25.59% 43.37% 34.23% 

MEDI CAID 30.67% 16.61% 27.33% 

MEDI CARE 0.78% 0.15% 0.35% 

MI SC GOVT $     3.38% 2.06% 2.57% 

OOS MEDI CAID 5.46% 1.30% 2.23% 

SELF PA Y 12.59% 9.77% 8.17% 

$ 66,414 $ 68,320 $ 57,137

$ 1,321 $ 3,046 $ 1,463

$ 77,682 $ 91,017 $ 69,635

$ 67,049 $ 79,316 $ 83,450

$ 619 $ 230 $ 2,110

$ 6,850 4,654 $ 9,208

$ 6,740 $ 9,115 $ 14,846

$ 13,827 $ 22,023 $ 34,270

Figure 2.2 section 5

6-5 6-6 6-7

OUTSTANDING ACCOUNTS  RECEIVABLE 

CURRENT INSURANCE FEB MAR  APR FPSC  BENCHMARKS
A/R 31-60 Da ys

% A/R 31-60 Da ys 21.30% 17.83% 17.96% 15.29% 6.70% 34.00%
A/R 61-90 Da ys
% A/R 61-90 Da ys 8.96% 14.20% 13.12% 8.80% 4.90% 14.40%
A/R 91-120 Da ys
% A/R 91-120 Da ys 9.09% 6.93% 10.51% 6.34% 3.80% 12.50%
A/R >120 Da ys

$ 182,719

$ 76,879

$ 78,029

$ 121,490

 $ 159,963 

 $ 127,462 

 $ 62,194 

 $ 172,324 

 $ 141,606 

 $ 103,444 

 $ 82,893 

 $ 163,937 
% of AR > 120 14.16% 19.20% 20.79% 18.76% 3.30% 52.30%

Figure 2.2 section 6
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want the majority of you’re A/R. Aged accounts receivable is 
usually due to rejections, pending appeals, and self-pay.

A/R over 90 days identifies some potential problem areas. 
The second section breaks out the A/R by category. The cat-
egory should be able to be drilled down to specific insurance 
company.

The aging category information allows you to quickly see 
where the largest areas of concern lies. Self pay, by its nature, 
will trend older. If an account has insurance, the insurance 
will be billed, paid (perhaps 2-3 months later), account will 
be 3-4 months old as it comes into the self-pay category.

By Looking at Total A/R column on the far right you can 
see that Self Pay is 39% of total A/R $308,072/$788,640. 
The second highest is all contracted payers, and in third place 
is Medicaid.

In reviewing the aging self pay. We know it makes up 
39% of total A/R for this practice. Again, that in itself is not 
problematic. How old is it? 43% is greater than 90 days 
[16.52+7.44+10.42+8.64=43]. Is this a problem? Could be. 
If you allow 2 year payment contracts, then perhaps not. 
Knowing what your team is doing with self-pay collections 
is important. This isn’t captured in the report, but the report 
lets you decide what assessments you do need to have com-
pleted by your team. Questions like – did staff collect all 
appropriate point of service collections? Are accounts with-
out payment arrangements being routinely transferred to col-
lections? What amount of self-pay was created by incorrect 
insurance information at point of service? Etc.

Contracted payers generally are expected to pay within a 
30-60 day time period for clean claims. This is a category 
that you would expect to be more timely than self pay.

In this example A/R still listed as outstanding for 
Contracted Payers is 20.33% of all my outstanding accounts 
receivable. Of the 20.33%, 18.5% [6.84+2.66+2.93+6.11 
=18.5] is over 90 days. According to the FPSC benchmarks 
above the other practices surveys showed their A/R over 90 
was about 15% (8.8% and 6.34%). Is this due to rejections, 
information requests, poor follow up by staff or by insur-
ance? Some of these questions can be answered in the next 
section under rejections, others may require an analysis 
focusing on different payers.

Rejections are costly. Having to touch a claim several times 
takes staff time and possibly physician time. Ignoring rejec-
tions allows insurances to not fulfill their contractual obligation 
and in fact increases your “free care”. Rejections must be man-
aged in a timely manner. In addition to working the rejections 
you need to know what and why you are receiving them.

The data in section 8 is grouped into three categories. This 
allows you to break out where the problem may be occurring 
and what resources are necessary to fix process. The three 
categories we established are Coding (8-1), Registration 
(8-2) and Follow Up (8-3). 

Coding (8-1) allows you to potential documentation and • 
coding practices that are not in alignment with payer 
policies.

CURRENT FS C 91-120 DAYS 121-150 DAYS 151-180 DAYS > 180 DAYS
TOTAL 
AR 

BLUE SHIELD
$   
2,284 

$                      
2,330 

$                               
496 

$                              
272 

$          
123,507 

% OF BLUE SHI ELD 1.85% 1.89% 0.40% 0.22% 100.00%
COMMERCIAL 
 INSU RA NC E

$                          
405 

$                         
509 

$                               
118 

$                           
1,461 

$            
13,167 

3.08% 3.87% 0.90% 11.09% 100.00%

CONT RACT S
$                     
10,971 

$                      
4,261

$                            
4,698 

$                           
9,799 

$          
160,320 

% OF CONT RA CTS 6.84% 2.66% 2.93% 6.11% 100.00%

MEDI CAID
$                     
11,165 

$                      
8,693 

$                            
4,685 

$ 
12,632 

$          
108,126 

% OF MEDI CAID 10.33% 8.04% 4.33% 11.68% 100.00%

MEDI CARE
$                          
151 

$                           
99 

$                               
164 

$                           
2,724 

$  
4,068 

% OF MEDI CARE 3.71% 2.44% 4.03% 66.97% 100.00%

MI SC GOVE RN ME NT
$                       
2,039 

$                         
236 

$                            
2,571 

$                              
694 

$            
25,643 

% OF MI SC 
GO VERNMENT 7.95% 0.92% 10.03% 2.71% 100.00%

OOS ME DI CAID
$                       
4,980 

$                         
901 

$                            
5,244 

$                         
19,798 

$            
45,819 

% OF OOS  ME DI CAID 10.87% 1.97% 11.44% 43.21% 100.00%

RESP ON SIBLE PA RT Y
$                     
50,897 

$                    
22,908 

$                          
32,102 

$                         
26,625 

$          
308,072 

% OF RESPONSIBLE  
PART Y 16.52% 7.44% 10.42% 8.64% 100.00%

TOTAL  AR
$ 

82,893 
$                    
39,936 

$                          
50,078 

$                         
73,923 

$          
788,640 

% OF TOTAL 10.51% 5.06% 6.35% 9.37% 100.00%

7-67-57-3 7-47-27-1

% OF COMM ER CIAL IN S

Figure 2.2 section 7
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Registration (8-2) are generally rejections that may have • 
been avoided with better point of service processes.
Follow Up (8-3) are often issues with payers. They  • 
may be requesting additional information, which if not sent, 
claim will not be paid. Payers may have system constraints 

so they are not reading modifiers, and denying claims as 
duplicates – again requiring an appeal with documentation.

The data captured in section 9 provides greater trending then 
figure 8. This section provides comparisons between the 
months and years. Rejections are calculated as a percent of 

8-1
TOP 5 REJECTIONS-OP

CODING Chg 2007/Apr 2008/Jan 2008/Feb 2008/Mar 2008/Apr FYTD

97-SERVICE NOT PAID SEPARATELY Chg Amt
$

262
$

1,049 $    1,455
$

387
$
799

$
6,134

Rej Count 5 9 8 2 9 63

11-DIAGNOSIS SUBMITTED INCONSISTENT WITH
PROCEDURE Chg Amt

$
16

$                
82 $         82

$
92

$
164

$
1,791

Rej Count 2 1 3 7 2 28

7-INVALID PROC CODE INCONSISTENT WITH PT GENDER Chg Amt
$
-

$
- $          -

$
-

$           
151

$
151

Rej Count - - - - 1 1

50-NOT MEDICALLY NECESSARY Chg Amt
$
-

$
151 $          -

$
359

$         
547

$
1,057

Rej Count - 1 - 2 1 4

112-SVC NOT DOCUMENTED Chg Amt
$
-

$
- $          -

$
-

$
(85)

$
-

Rej Count - - - - 1 2

8-2 CLIENT NOT ELIGIBLE ON DATE OF SERVICE Chg Amt
$

1,889
$           

1,650 $   2,395
$

568 $     2,824
$
13,521

Rej Count 13 15 11 6 21 97
49-NON COVERED SERVICE IN CONJUNCTION WITH

ROUTINE Chg Amt
$

1,205
$

328 $    1,064
$    

257
$
857

$
5,424

Rej Count 10 4 8 2 5 46

L10-PROVIDE DATE OF LMP/ONSET OF ILLNESS Chg Amt
$

1,642
$

113
$     

2,114
$

1,805
$
1,599

$
13,297

Rej Count 11 1 7 7 5 67

31-INVALID ID NUMBERUNABLE TO IDENTIFY INSURED Chg Amt
$
-

$
-

$        
151

$
-

$
509

$
874

Rej Count - - 1 - 4 7

27-COVERAGE TERMINATED BEFORE DOS Chg Amt
$

660
$

233 $      233
$

793
$
747

$
4,432

Rej Count 5 2 2 6 3 29

8-3
FOLLOW UP Chg Apr 2008/Jan 2008/Feb 2008/Mar 2008/Apr FYTD

96-NON-COVERED CHARGE S Chg Am t
$

692
$

1,199 $    6,216
$

1,823 $     2,854
$
15,574

Rej Count 6 10 27 12 17 104

D6-INS REQUESTS COPY OF REPORT Chg Am t
$
-

$                  
- $          -

$
372 $     2,896

$
5,281

Rej Count - - - 2 15 30

18-DUPLICATE CLAI M Chg Am t
$

2,844
$

878
$     

1,613
$

883
$
1,453

$
14,963

Rej Count 10 2 11 9 10 100

16-ADDITIONAL INFO NEEDED Chg Am t
$             

2,188
$

164 $      360
$

269
$
151

$
4,545

Rej Count 5 1 1 2 5 26

17-ADDITIONAL INFO NEEDED-REQ INFO INSUFFICIENT
OR INCOMPLETE

 

Chg Am t
$

82
$
- $      943

$
442

$
1,071

$
2,538

Rej Count 1 - 2 2 4 9

Figure 2.2 section 8

9-1 9-2 9-3 9-4 9-5 9-6

2008/Feb 2008/Mar 2008/Apr 12 Mo Av g
CM 
Var PFYTD FYTD

% 
Change 

9-A Charges

9-B Charges

$
516,065 

$
587,332 

$
445,066 

$
4,805,934 

$
400,494 $44,571 

$
1,173,455 

$
4,274,286 264.25%

Rejections
$            
7,279 

$          
10,239 

$           
8,301 

$            
54,883 

$               
4,574 $3,728 

$         
14,483 

$            
48,111 232.19%

Coding Re j % 1.41% 1.74% 1.87% 1.14% 1.14% 0.72% 1.23% 1.13% −0.11%

Follow up Re j
$           
41,437 

$          
21,390 

$         
41,300 

$          
267,783 

$              
22,315 $18,985 

$        
82,567 

$        
251,896 205.08%

Follow up Rej % 8.03% 3.64% 9.28% 5.57% 5.57% 3.71% 7.04% 5.89% −1.14%

Registration Rej
$           
13,504 

$            
7,386 

$         
14,368 

$            
95,382 

$               
7,949 $6,420 

$        
40,455 

$         
84,663 109.28%

Registration Rej % 2.62% 1.26% 3.23% 1.98% 1.98% 1.24% 3.45% 1.98% −1.47%

Tota l Re jections
$          
62,220 

$          
39,015 

$        
63,970 

$        
418,049 

$             
34,837 $29,132 

$       
137,505 

$        
384,671 179.75%

Tota l Re jections
% 12.06% 6.64% 14.37% 8.70% 9.06% 5.32% 11.72% 9.00% −2 .72%

12 Mo  
Total

Figure 2.2 section 9
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charges. So if charges (9A) have gone up, either through fee 
schedule increases or increased productivity, it will reflect on 
the % of change in this row. When you review the Coding 
Category (9B) of rejections – the dollar amount of change 
between fiscal years is up 232% (9-6), but because charges 
were up 264% the actual change in coding rejections is actu-
ally down as a percent of total charges (.11%).

The key to this data and any other that you are reviewing 
is to ensure you understand the parameters of the data you 

are analyzing so that it provides accurate and valid informa-
tion. Insufficient or flawed data will impact your responsive-
ness and accurate resolution of issues.

Whether you call it your financial analysis, dashboard, 
scorecard or operational indicator; the final objective is to 
have timely, manageable data in a format that allows you to 
monitor and manage your business. It must provide you a 
tool to process and manage key information to support your 
strategic growth and operational decisions.
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Abstract The quality of patient care in the reproductive 
medicine clinic hinges on effective integration of laboratory 
and clinic operations. The reproductive endocrinology and 
infertility (REI) practice represents a truly unique niche, 
intimately partnering the laboratory and clinic in overall 
patient treatment and management paradigms. As such, to 
deliver optimal patient care, there are a number of unique 
challenges an REI clinic faces in effectively integrating the 
two arenas. This chapter discusses these challenges and out-
lines methods by which REI practitioners may better inte-
grate clinic and laboratory operations to deliver high quality 
care to patients. Specific areas of focus include patient care 
and management, quality management programs, regulatory 
affairs, risk management, continuing education, and profes-
sional development.

Keywords ART • Laboratory organization • Clinic organi-
zation • Leadership • Integration • Management

3.1  Introduction

The quality of patient care in the reproductive medicine clinic 
hinges on effective integration of laboratory and clinic opera-
tions. The reproductive endocrinology and infertility (REI) 
practice represents a truly unique niche, intimately partnering 
the laboratory and clinic in overall patient treatment and man-
agement paradigms. As such, there are a number of unique 
challenges an REI clinic faces in effectively integrating the 
two arenas and achieving optimal quality of care.

Other chapters in this book highlight the complexities and 
multi-disciplinary coordination involved in the treatment of 

the infertility patient. Reproductive endocrinologists provide 
evaluation of couples seeking fertility treatment, coordinate 
diagnostic procedures, and offer clinical treatments based on 
diagnosis. While the reproductive endocrinologist treats 
the infertile female, andrologists and urologists provide 
evaluation and treatment of the infertile male. Each of these 
clinicians relies on the andrology, endocrine, and in vitro 
fertilization (IVF) laboratories for diagnostic procedures and 
treatment therapies. Each of these specialists must interact 
effectively if the couple is to be treated well throughout the 
diagnostic and therapeutic stages.

In most REI practices, the clinic and laboratory are 
integrated in the same facility, but integrating the diverse set 
of specialties and services can be difficult in the scenario of 
separate facilities, practices, or departments. The maintenance 
of a healthy and collaborative environment and working 
relationship between physicians, nurses, clinical support 
personnel, and laboratory technicians is critical for the 
successful delivery of patient care and one of more unique 
challenges facing a reproductive endocrinology practice.

This chapter is dedicated to discuss these challenges 
and outlines methods by which the REI practitioners may 
better integrate clinic and laboratory operations to deliver 
high quality care to their patients. Specific areas of discussion 
include patient care, diagnostic testing and treatment 
management, quality management programs, regulatory affairs, 
risk management, continuing education, and professional 
development.

3.2  Developing an Integrated Practice

3.2.1  Patient Care and Management

Optimal patient care requires multiple levels of coordination 
and communication between the laboratory, clinic personnel, 
and physicians. In particular, diagnostic testing and treatment 
therapies require the timely delivery of accurate testing 
requisitions from clinic staff to the laboratory. Similarly, the 
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laboratory must provide accurate and rapid reporting of 
laboratory results and therapeutic outcome summaries. In 
the intimate setting of the reproductive clinic, procedures 
must be developed which prevent informal orders or spuri-
ous changes to requisitions and treatment plans [1]. The 
clinic must therefore adopt a formal and effective platform to 
ensure the proper execution of this communication.

With technology advancing, reliable Electronic Medical 
Record (EMR) systems now provide a convenient and effec-
tive tool in communicating patient testing requisitions and 
treatment plans [2–4]. Additionally, these network-based 
platforms offer an effective mode of laboratory result report-
ing [5]. Used properly, the EMR can help the laboratory 
ensure patient results, and summaries are delivered accu-
rately to the referring physician and with minimal turnaround 
time. An additional benefit of many specialized reproductive 
EMR platforms stems from the ability of clinicians and labo-
ratory personnel to access all areas of patient treatment with 
minimal delay, may in the future allow patients direct access 
to their ART records [6, 7].

Given the close relationship between physicians, nurses, 
and laboratory staff, the implementation of frequent assisted 
reproductive technologies (ART) case and cycle reviews 
provide a simple effective means of delivering the highest 
quality patient care. Frequently, complex infertility cases 
may present themselves and communication across depart-
ments enhances the delivery of effective treatment strategies 
through multidisciplinary collaboration. These activities help 
to ensure the most effective treatment plans conveyed to 
patients. A regular case conference is the best way to ensure 
that these reviews take place and should involve appropriate 
personnel, including physicians, laboratory professionals, 
and clinic staff.

A particular important role of clinic staff is the coordina-
tion of cycle management and planning for IVF patients. 
Nurses often serve as the primary contacts for patients and 
transmit therapeutic treatment plans directed by the physi-
cian [8]. The laboratory and the clinic must have an effective 
mechanism to ensure nurses and laboratory staff participate 
in active communication regarding cycle plans. Furthermore, 
given the significant role the ART laboratory plays in patient 
treatment, laboratory personnel input must also be integrated 
into the cycle plans. A weekly IVF meeting between labora-
tory technicians and nurse coordinators is an effective and 
efficient tool ensuring proper coordination between the clinic 
and laboratory in upcoming IVF cycles [9].

The daily operating schedules of the REI clinic and asso-
ciated laboratories are integrated necessitating daily coordina-
tion between the two areas. Thus, proper communication 
modalities must also be developed to ensure smooth patient 
flow through practice. EMR-based platforms provide real-
time delivery of patient scheduling information to all areas of 
the clinic. For clinics providing IVF services, daily rounds 

meeting between cycle stimulation monitoring physicians, 
nurses, and IVF laboratory personnel are an effective means 
of promoting the integrity of daily patient scheduling.

3.2.2  Quality Management

Rigorous quality management programs are critical for 
ensuring the delivery of high quality patient care [10]. Quality 
management in the REI practice involves all facets of clinic 
operation and must be maintained on a strict schedule. 
Collectively these quality management programs must 
involve daily quality control (QC) processes, weekly mainte-
nance activities, monthly, quarterly, and annual quality assur-
ance (QA) reviews [11]. Used effectively, these collective 
activities help to ensure the REI clinic meets its responsibil-
ity in ensuring proper quality improvement (QI) objectives 
are established and achieved [12]. Overall strategic planning 
in the REI practice should also rely upon these quality man-
agement activities.

The laboratory and clinic must have a documented 
quality management program to systematically evaluate 
the quality and appropriateness of patient services (See chapter 
by Keel). The program should be designed to identify 
and resolve important problems related to patient care and 
identify areas and opportunities where patient care may be 
improved. Effective integration of laboratory and clinic 
quality management programs will ensure the quality improve-
ment process that is contiguous throughout the entire 
practice. The quality management program should include 
key indicators, such as test order accuracy, therapeutic 
treatment accuracy, diagnostic testing turnaround times, 
customer satisfaction summaries, staff satisfaction surveys, 
and ART outcome measures.

Analytic QC is used in the clinic and laboratory to ensure 
the reliability of patient treatment and laboratory testing 
results [13]. The overall QC program must be documented 
with the clear assignment of responsibilities. In addition to 
delineating the frequency and type of controls, the QC pro-
gram must also define clear tolerance limits for daily con-
trols and corrective actions that must be taken when these 
controls fall outside of those limits [14].

Regular quality assurance programs that serve to system-
atically review quality data must also be established. 
Reproductive clinics should establish responsible quality 
assurance officers and a quality assurance committee to 
review these data on a regular basis. The most effective struc-
ture involves both the clinical staff and laboratory personnel 
presenting and reviewing key indicators related to analytic 
laboratory testing, treatment outcomes, and clinic operational 
aspects. Laboratory preanalytic variables should be reviewed, 
such as test requisition accuracy, specimen integrity, and 
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quality of phlebotomy services. Postanalytic variables should 
also be evaluated, including laboratory result turnaround 
times, accuracy of result reports, and clinic charting mech-
anisms. Patient and staff satisfaction reviews are also 
important elements for consideration. Most importantly, 
treatment outcome reviews should focus on key outcome 
measures to evaluate clinic performance and identify areas 
for quality improvement.

3.2.3  Regulatory Affairs

The reproductive clinic and laboratory are subject to increasing 
regulatory oversight. Two examples of these regulatory 
sources include the Food and Drug Administration (FDA) 
(See Chapter 6 by Latash) and the Clinical Laboratory 
Improvement Act of 1988 (CLIA) (See Chapter 5 by Keel 
and Schalue). In order to ensure compliance, extensive coor-
dination and collaboration must exist between the clinic and 
the laboratory. An integrated compliance committee is useful 
to ensure regulatory compliance.

Recent guidance by the FDA places regulations on the 
processing and donation of human cell and tissue based 
products (HCT/P). These regulations require extensive 
coordination between physicians, laboratory staff, nurses, 
and third-party coordinators in order to ensure donor 
sperm, oocytes, and embryos meet eligibility requirements. 
Extensive and well-documented processes, which afford 
rapid response to changes in these regulations as well as the 
development, coordination, and execution of clinic and 
laboratory operating procedures, must be developed.

A committee-based approach involving physicians, 
nurses, third-party coordinators, and laboratory staff is essen-
tial to maintaining compliance. The committee should 
develop procedures for screening and testing of gamete and 
embryo donors, determining donor eligibility determination, 
providing effective education to staff members regarding the 
regulations, performing and documenting personnel training, 
ensuring physician approval of the donor eligibility determi-
nation, providing effective delivery of valid summary of 
screening and testing records, and ensuring adequate labora-
tory processes management, including donor eligibility veri-
fication, valid labeling schema, and good tissue practices. 
Additionally, the clinic should maintain comprehensive EMR 
systems (discussed above) and may find use in outsourcing 
to consultants who are experts in the regulations.

With respect to CLIA regulations, the ultimate responsi-
bility for CLIA certification rests with the laboratory. 
However, a number of areas in the clinic are subject to those 
regulations and consequently require the integration of 
laboratory and clinic operations. Specifically, information tech-
nology sectors, phlebotomy procedures, patient diagnostic 

testing procedures and treatment therapy requisitions, quality 
management programs, safety programs, and facilities 
requi rements necessitate collaborative efforts between clinic 
and laboratory personnel.

3.2.4  Risk Management

As the looming threat of malpractice liability increases, the 
REI practice must be responsible and diligent in matters 
related to the risk management. Larger clinics may benefit 
from a committee-based approach with a sole purpose to 
continually evaluate clinic and laboratory operations suscep-
tible to liability issues. Specifically, the clinic should standard-
ize incident reporting, coordinate integrated and regularly 
scheduled review of those reports, evaluate the integrity of 
standard operating procedures to avoid systemic liability 
issues, and define individual cases that constitute a signifi-
cant risk to the practice.

3.2.5  Education and Professional 
Development

Optimal patient care in the REI practice also requires an 
understanding of the various disciplines involved in the treat-
ment process. Thus, cross-educational activities should be 
initiated in an effort to expand the knowledge of clinic and 
laboratory personnel. These continuing education activities 
provide the impetus for improving the appreciation of each 
other’s roles within the clinic and fostering good working 
relationships between physicians, clinic staff, and laboratory 
professionals [15].

Clinic and laboratory leadership should ensure continuing 
education programs, which involve all clinical and labora-
tory staff, are implemented into practice operations. In the 
REI practice, it is useful for nurses and physicians to under-
stand what processes are involved in the reproductive labora-
tory, and the laboratory staff should learn about clinical 
activities involved in the treatment of infertility patient. 
Shadowing activities also provide a useful tool to allow staff 
to obtain first-hand understanding of operations in other 
departments. Additionally, laboratory professionals and 
reproductive endocrinologists should present recent medical 
findings and emerging technologies to improve appreciation 
of state-of-the-art treatment modalities [16].

Other opportunities may exist to foster the professional 
development of staff in an integrated fashion within the REI 
practice. Key personnel should attend focused meetings and 
workshops aimed at improving management and leadership 
skills. In addition to national meeting, and workshops, the 
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REI practice may also benefit from integrating these activities 
into practice, such as a leadership discussion group. These 
focus groups provide an opportunity for staff to share their 
ideas, learn from their colleagues, and support the overall 
professional development within practice.

3.2.6  Effective Leadership

Perhaps, the most obvious ingredient, and yet the most dif-
ficult to describe, in developing a truly integrated practice is 
strong, supportive leadership. The director(s) of the clinic 
and laboratories must develop and maintain a genuine respect 
and support each other, which will set a positive example for 
relationships throughout the practice. This simple concept 
has been demonstrated numerous times, both in positive and 
negative manners. Additionally, the directors must show 
respect to all staff. Developing a respectful and supportive 
management style includes the ability to minimize harsh 
criticism, the development of appreciation for the roles 
played by all staff, and the display of appreciation for those 
within the clinic.

3.3  Conclusions

Reproductive medicine is a unique niche, intimately partner-
ing the reproductive laboratory and clinic in overall patient 
treatment and management paradigms. As such, to achieve 
optimal results, there are a number of unique challenges an 
REI clinic faces in effectively integrating the two arenas. In 
order to ensure proper delivery of high quality patient care the 
clinic and laboratory must work together in areas of diagnostic 
testing and patient treatment management, quality manage-
ment programs, regulatory requirements, medical liability 
risk, and professional development of its staff.
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Abstract Informed consent is a process in which clinicians 
educate patients in a manner that allows the patients to make 
an educated decision providing permission to undergo a 
procedure. This chapter reviews the necessity of real educa-
tion in the process and practical tools to improve informed 
consent in the clinic.

Keywords Informed consent • Risks • Patient education  
• Guidelines • Regulations

4.1  Introduction

Informed consent is a process, not a document. Although the 
culmination of the process may be a document signed by the 
parties involved, the process is informed by the ethical stan-
dards of medical practice. These foundations of medical eth-
ics are autonomy, beneficence, non-malfeasance, justice, and 
veracity. The clinical and research participants of advanced 
reproductive technology (ART) deal with these principles on 
a daily basis, but the autonomy of individuals providing them 
the moral right to understand the procedures they are about 
to encounter is the foundation of informed consent.

The following chapter will deal with informed consent in 
ART. The issues of consent for standard IVF will be dis-
cussed, as well as issues of consent for minors in the area of 
fertility sparing procedures, the troublesome concept of futil-
ity and how it is perceived by patients and clinicians will be 
presented. Also important are the domains of uncertainty with 
respect to possibly very rare risks (imprinting disorders) that 
may be a consequence of ART, and what the standards of the 
informed consent process should be when the possible risks 
are rare and uncertain. Decision making when informed con-
sent is impossible (posthumous donation), will be discussed.

Informed consent for research participants in ART poses 
some important issues, as does the area of Advanced 
Directives for the future use of cryopreserved gametes and 
embryos. For successful collaboration between reproductive 
endocrinologists and andrologist/embryologists, the informed 
consent document creation process must be a shared effort. 
Hopefully, this chapter will provide some clarification, as 
well as pose new areas for discussion in the broad area of 
informed consent in ART.

4.2  Informed Consent for IVF/ICSI

The informed consent document confirms the counseling 
that has occurred prior to signing the document. The docu-
ment may be inclusive of all the individual parts of the IVF 
process: screening, ovarian preparation and suppression, 
ovulation induction, oocyte retrieval, the laboratory pro-
cesses involved with in vitro fertilization and possible ICSI, 
embryo transfer, and the post procedure issues of ovarian 
hyperstimulation syndrome (OHSS), pregnancy test outcome 
and first trimester/pregnancy outcome issues. There may be 
an overview of the process and specific consents with 
required signatures taken for each part separately (consents 
for ovulation induction, consents for ooctye retrieval, con-
sents for IVF/ICSI, consents for embryo transfer). However, 
as each ART program chooses to divide up the counseling 
and consent, it should be realized that the amount of infor-
mation is overwhelming even to the medically sophisticated. 
Understanding is variable and retention is poor. For this rea-
son, the counseling process should be provided in several 
media (oral, written, and visual) and repeated throughout the 
process, even if the consent form has already been signed. It 
is reasonable and often required by some hospitals that the 
invasive procedures, such as oocyte retrieval, have a separate 
counseling and consent process.

There are very few randomized trials of informed consent 
processes and information retention in ART. Randomized 
trials in other specialties are few, and the results are varied. 
One randomized study on the use of written summaries 
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of risk in otologic surgery compared a verbal summary of 
risk and a written handout to a verbal summary only [1]. 
Recall of risks at the time of a telephonic interview about 20 
days later was 51% in the handout and verbal summary group 
and 54% in the verbal group. Some very significant risks 
were more clearly remembered (88% for facial nerve paraly-
sis and hearing loss). Other risks (dizziness, change in taste) 
were less well recalled in both groups (30%).

There is evidence that less of the information shared 
during the consent process is retained than is ideal. Most 
programs use a combination of oral and written informa-
tion. A study on informed consent for coronary angiogra-
phy and angioplasty tested the content retention of 108 
consecutive patients [2]. All of the patients had previously 
read the standard written information sheet and were given 
eight multiple choice questions. Then they were shown a 
video of the same content and tested again. The percentage 
of correct answers increased from 39 to 77% while the 
“don’t know” answers decreased from 53 to 10%. Whether 
the improved retention of information regarding the tech-
niques and risks of the procedure was due to the video or 
because of repetition cannot be concluded, but clearly there 
was a very significant improvement. A randomized study of 
video versus pamphlet provided information on patient 
knowledge about surveillance and cancer risk in ulcerative 
colitis was performed on 124 patients [3]. The participants 
completed a questionnaire before being randomized to 
pamphlet or video. There was a 71% improvement in scores 
from patients randomized to video versus 47% improve-
ment in those given pamphlets. After one month, the knowl-
edge levels decreased in both groups to 55% in the video 
group and 36% in the pamphlet group. The decrease in 
delayed recall is informative to ART in that many couples 
have their consultation for ART several months before the 
actual procedure.

A Cochrane review of the use of audio-visual presentation 
for informed consent for participation in clinical trials showed 
small effects [4]. Another Cochrane review was of the use of 
“decision aids” (handouts, audiovisual aids) for people facing 
health treatment or screening decisions. This review of 87 
decision aids, of which 23 had been evaluated in 24 random-
ized trials, shows some improvement in enhancing knowl-
edge and realistic expectations of benefits and harms, but no 
increase in the satisfaction with the process or with the deci-
sion [5]. The very complex issue of “personalized risk” com-
munication is important in communicating expectations in 
ART, but informed consent documents personalizing risk 
may not increase informed decision. Clearly, the expecta-
tions of a successful pregnancy in a 44-year-old woman 
undergoing IVF with her own ova are quite different from a 
28-year-old couple undertaking the same process. Whether 
the informed consent document should be specifically 
designed for each couple’s diagnosis and prognosis is not 

clear. Also, whether personalized risk/benefit documents 
enhance information retention and satisfaction in the informed 
consent process is not clear. A separate Cochrane review of 
personalized risk communication for informed decision 
making suggested that these interventions had only a lim-
ited effect on informed decision making by patients [6]. The 
effort to create a content and method for informed consent for 
IVF stresses each ART center. There are standardized patient 
handouts available from some ART organizations (ASRM) 
regarding the risks of IVF/ICSI. The Society for Advanced 
Reproductive Technology of the ASRM has developed a 20 
page universal informed consent that ART centers can use 
when offering IVF, ICSI, assisted hatching, and embryo cryo-
preservation. This form is available to SART members 
and includes the risks of medications, egg retrievals, embryo 
culture, and embryo transfer. It addresses the ethical, legal, 
and psycho social issues of ART and discusses alternatives. 
Standardized documents may help decrease the burden of 
informed consent document creation, and standardized 
patient handouts on techniques, risks, and benefits and be 
helpful. However, the actual face-to-face informed consent 
process and assess ment of the patients’ understanding will 
always be time consuming.

Much more difficult informed consent processes are 
experienced with couples for whom language and culture 
are barriers. The importance of a professional translator 
familiar with medical terminology and comfortable with 
translating personal reproductive and sexual issues cannot be 
overstressed. In some areas, the numbers in a particular 
ethnic and linguistic community may be relatively small, 
and therefore the likelihood that the couple may know their 
translator may be large. In the very personal issue of sperm 
or ovum donation, or the cultural taboos on discussing 
issues of sexuality and infertility, a known translator, even a 
professional, may not be acceptable. Translators available 
via national phone services may be the only option.

Although for each couple for each IVF cycle, the outcome 
will be a pregnancy or no pregnancy, in the informed consent 
process, the chances of outcome are usually defined as a 
percent of all patients (of that age, and with that diagnosis) or 
a fraction. For some patients with limited understanding of 
fractions or percents, or those from cultures where “chance” 
is not understood, the presentation of possible results can be 
difficult. A picture of 100 figures, with the percent of figures 
with a specific outcome highlighted or colored can be useful 
for patients in whom the numerical information is poorly 
processed. This visual representation (the “Paling Palette”) 
can be used to display medical risks with a probability higher 
than 1 in 1,000 [7]. An evidence-based resource on informed 
decision making in reproductive issues (specifically hor-
monal contraception, but the tools and processes are similar) 
is available through the Association of Reproductive Health 
Professionals (ARHP) [8].
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4.2.1  Specific Informed Consent Domains

4.2.1.1  Procedure

The specific procedures should be discussed in some detail 
with pictures or videos of the unstimulated ovary, the hyper-
stimulated ovary, the transvaginal ultrasound guided egg 
retrieval, the embryo culture, the intracytoplasmic sperm 
injection, and the embryo transfer. Extensive resources of 
varying reliability are available to patients on the internet, 
and often sites are sponsored by specific ART programs. 
Each ART facility should decide to sponsor specific web-
based information, or develop its own website. It is appropri-
ate to ask couples if they have already investigated IVF/ICSI 
procedures on the internet and what they understand before 
discussing the procedures in detail. Sources on the internet 
change rapidly as do the procedures and outcomes for 
IVF/ICSI so a regular update of referred sources or program 
website is indicated.

4.2.1.2  Reasons

The specific nature of the couple’s problem and the indications 
for IVF should be discussed and documented. Specifically, 
the indications for the use of ICSI should be discussed and 
documented.

4.2.1.3  Expectations

The expectation will be a pregnancy, but not all pregnancies 
lead to a term birth. The expectations should include chemi-
cal pregnancy, spontaneous abortion, ectopic pregnancy, het-
erotopic pregnancies, and preterm/previable birth (particularly 
in the setting of high order multiple gestations). The expecta-
tions for Preimplantation Genetic Diagnosis (PGD) or 
Preimplantation Genetic Screening (PGS) may be quite dif-
ferent than just a term birth (see PGD/PGS).

4.2.1.4  Probabilities

A shared dialogue between the clinicians and the laboratory 
staff should create the probability of pregnancy for different 
diagnoses and ages. All the clinicians, embryologists, and 
educators should use the same source for the program’s preg-
nancy rates and it should be up-to-date. In the United States, 
programs that participate in the Centers for Disease Control 
data collection for IVF may choose to use their most recent 
data which is posted on the CDC website [9]. Because 
patients often access this website to review and compare 

pregnancy rates for the program in which they are receiving 
their care, it would be appropriate to use those data.

The more complex ethical question in the informed 
consent process is whether a discussion about IVF center 
outcomes disparities should be initiated. There is a very 
broad range of pregnancy rates in the CDC center specific 
outcomes website. Do physicians have an ethical duty to 
inform patients about the success rates of their center 
compared to other centers? This question has been raised for 
surgeons who infrequently perform a given procedure and 
their complication rates compared to surgeons who perform 
more of the given procedure. Significant center-specific 
outcomes in conditions varying from cancer care to cystic 
fibrosis management have been documented. In obstetrics 
and gynecology, there are data that women having surgery 
for ovarian cancer have a higher survival rate if referred to a 
regional center with gynecologic oncologists compared to 
surgery performed at a community hospital.

There are very real trends in increasing pregnancy rates 
and birth rates in IVF centers with higher volume. What is 
the role of the clinician in discussing these issues [10]? As 
informed consent is seen as the right of the patient and the 
obligation of the physician, outcomes data for an individual 
IVF center must be discussed. Although some couples may 
travel to seek care in a center with a higher pregnancy rate, it 
is not clear that all couples would. In research regarding hos-
pital outcomes disparities and patient choice for a Whipple 
procedure, 45 out of 100 patients would not travel to a distant 
center if their risk of operative mortality was doubled at their 
local hospital. A significant number of people would not 
travel to a distant center if their risk of operative mortality 
was six times greater in their local hospital [11]. The reality 
is that patients will be making the decision to choose one 
center over another for many reasons, but the principle of 
shared decision making and disclosure of center specific 
pregnancy rates allows the couple access to the information 
to make their autonomous decisions.

The alternative concern in shared decision making and 
center-specific pregnancy rates is that centers with a relatively 
high pregnancy rate will use those numbers to discourage 
patients from a choice to seek care in a center with lower costs 
or one closer to home. Alternatively, physicians may refer 
some “high risk” patients (older patients or patients with a 
diagnosis that leads to a lower pregnancy risk) to another cen-
ter, and keep “low risk” patients at their center. The issue of 
outcome disparities could be discussed in the part of the 
informed consent process, that includes probabilities of achiev-
ing a pregnancy, or the part that includes the alternatives.

Of course, the real challenges in discussing the probability 
of achieving a viable pregnancy with a couple lie in the fact 
that each couple is unique in their combination of ages, causes 
of infertility, previous pregnancy history, and previous experi-
ence with ART. As noted above, the issue of “personalized” 
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informed consent is very important in the informed consent 
process, but whether a unique informed consent document 
should be created for each couple is not clear. In reality, the 
complex combination of age, ovarian reserve, uterine factors, 
and semen quality issues occurring in the same couple make 
specific evidence-based outcomes for that specific couple 
with several problems quite difficult.

4.2.1.5  Alternatives

Alternatives for family building (or the choice not to pursue 
fertility therapy or adoption) should be discussed. Alternatives 
are not usually added to the informed consent document, but 
are a very important part of the informed consent process. 
The issues of whether the couple has considered adoption, 
donor oocytes or sperm, or surrogacy should be discussed. 
For some couples, the personal availability of some options 
creates conflict. Donor oocytes may not be an option for 
some women with very diminished ovarian reserve even if 
the partner would consider that choice (the same is true for 
donor sperm). When conflict is apparent in the discussion of 
options and alternatives, the use of a counselor or psycholo-
gist familiar with the issues of infertility and ART is invalu-
able. Conflicts arising at the beginning of the IVF process 
regarding preferred alternatives predict future difficulties.

4.2.1.6  Risks

Risks of procedures should be explained as a function of 
their frequency and severity. Bruising from venipuncture is 
highly prevalent but of no significance. It is always men-
tioned in research consent forms, and often in IVF consent 
forms, but is rarely highlighted in discussion. The risk pos-
sibly attributed to IVF of known imprinting disorders such 
as Beckwith–Wiedemann or Angelman’s Syndrome is 
extremely rare (less than 1 in 1,000) [12] but the conse-
quences are very large to a family. The possibility of an 
increase in imprinting disorders is discussed in the Patient 
Fact Sheet: Risks of In Vitro Fertilization (IVF) from the 
American Society of Reproductive Medicine (ASRM) [12].

The risks of OHSS will vary from center to center and by 
the age of the patient and the response to gonadotropins. 
Each center should know what the incidence of OHSS in 
their program and modify that frequency by the individual 
age, history, and previous response. Part of the informed 
consent process is outlining for the patient the conditions 
under which an IVF cycle will be terminated. It is not uncom-
mon for a patient to insist on proceeding ahead with the egg 
retrieval or embryo transfer in the face of hyperstimulation. 
Patients have a very difficult time understanding the physical 
and financial risk of severe OHSS and the possibility of 

cancellation of a cycle or freezing all fertilized ova should be 
clearly discussed in advance. The clinician must use the 
informed consent process to examine situations in which 
medical judgment requires termination of the cycle.

The risk of laboratory malfunction is unknown but prob-
ably rare. It should be discussed with the patients and men-
tioned in the informed consent document.

The discussion of risks of procedures for IVF or for neo-
natal outcomes should always be framed in terms of absolute 
or attributable risks. Particularly in the perinatal literature, 
risks related to multiple gestations are framed in relative risk 
compared to singleton births (risks of preterm birth, risks of 
cerebral palsy). The term “increased risk” is not informative 
to the patients as they begin to process the risks of IVF. 
Visual communication of risks in genetics and other opera-
tive risks can be enhanced through the use of the “Paling 
Palette” [7].

A highly recommended resource for outcomes after ART 
is the Joint Society of Gynaecologists of Canada (SOGC) 
and the Canadian Fertility and Andrology Society Guideline: 
Pregnancy Outcomes After Assisted Reproductive 
Technology [13]. The evidence collected from the Cochrane 
Library and MEDLINE was reviewed by the Genetics 
Committee and the Reproductive Endocrinology Infertility 
Committee of SOGC. The quality of the information was 
quantified using the Evaluation of Evidence Guidelines 
developed by the Canadian Task Force on the Periodic Health 
Examination. This guideline gives the absolute percent of 
various outcomes and relative risks for obstetrical complica-
tions and perinatal outcomes for singletons from ART and 
spontaneous conceptions. Of the noted obstetrical outcomes 
of gestational hypertension, placenta previa, placental abrup-
tion, induction of labor and cesarean delivery, the only sig-
nificant difference between ART singletons and spontaneous 
singletons was gestational hypertension (range in studies 
reviewed 1–11% in ART, 0.7–8% in spontaneous pregnan-
cies, r.r.1.8). Attitudes regarding the attractiveness of elec-
tive single embryo transfer improved markedly after patients 
were presented with accurate risk information about twin 
versus singleton outcomes (33–75%) [14].

The issue of structural congenital anomalies is mentioned 
in the ASRM Patient Information on Risks in ART but no 
specific numbers are given. The SOGC Guideline gives 
specific incidence of any major malformation as well as cat-
egories of cardiovascular, gastrointestinal, urogenital, musculo-
skeletal, and central nervous system abnormalities from IVF, 
IVF/ICSI, and spontaneous pregnancy.

The incidence of any chromosomal disorder in births and 
pregnancy terminations after adjusting for maternal age and 
parity are similar in IVF and spontaneous conceptions (0.7% 
vs. 0.2%) [12]. These numbers should be specifically adjusted 
for the age of the mother (with consideration of the age of the 
oocyte in donor cycles). The risk of any chromosomal defect 
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is somewhat higher in IVF/ICSI compared to spontaneous 
cycles (1.0% vs. 0.2%). Although these numbers are signifi-
cantly different statistically, to the couple it may be perceived 
as not clinically different. It is recommended that couples 
considering IVF/ICSI should be counseled and offered pre-
natal diagnosis should they conceive. The fact sheet from 
ASRM noted above can be useful as a printed adjunct to the 
discussion and the consent form.

4.2.1.7  Expenses

This will vary from center to center but the expectation of 
payment (amount, timing, and insurance coverage) should be 
discussed and information provided in writing.

4.2.2  Special Issues for Informed consent  
in IVF/ICSI

4.2.2.1  Futility

The concept of “futility” – pursuing a medical course of 
action in the face of exceedingly small chances of success – 
became an issue of discussion in the medical literature in the 
early 1990s. The issues have certainly existed long before this 
with questions of ongoing support of patients in a vegetative 
state, heroic cancer therapies for terminally ill cancer patients, 
and resuscitation of extremely premature infants. The first 
generation of the futility debate attempted to come to the 
answer of what to do when outcomes are uniformly poor by 
defining futility: “When physicians conclude (either through 
personal experience, experiences shared with colleagues, or 
consideration of published empiric date) that in the last 100 
cases a medical treatment has been useless, they should regard 
that treatment as futile [15]. This framework gave clinicians a 
number after which to deny medical intervention, but did not 
address the needs of patients and families. As the concept has 
evolved in the literature, the second generation of processing 
a futility debate emphasizes consensus with the patients/fam-
ily/clinicians. The American Medical Association endorsed 
the following statement: “Since definitions of futile care are 
value laden, universal consensus on futile care is unlikely to 
be achieved. Rather, the American Medical Association 
Council on Ethical and Judicial Affairs recommends a pro-
cess-based approach to futility recommendations” [16]. This 
process included families and clinicians, hospital administra-
tors, and ultimately judges. It still has the potential to put the 
patients and the clinicians in conflict. The third option is the 
communication and negotiation. This process uses standard 
dispute resolution techniques in solving the problems of 
patients request for futile therapy [17].

All clinicians in the field of ART are faced with patients who 
have exceedingly small chances of success with the procedure 
requested. The most common is probably the patient in her late 
40s who requests IVF using her own ova, but included in this 
group are women with very significant uterine problems and 
men with no viable sperm. The following questions arise:

 1. When is an ART procedure futile and who gets to decide?
 2. Are there outcomes other than a live birth that are of 

consequence to the patient?
 3. How does a clinician create an informed consent process 

when the risks are known, but the measurable benefits are 
nonexistent?

A common response from the patient whose chance of a suc-
cessful pregnancy is extremely small (or zero) is frequently, “I 
know I have no chance of success, but I just need to try”. In 
this scenario, the patient’s autonomy could direct the clinician 
to move toward performing the ART procedure with the under-
standing that the “benefit” would be the ability to “try” and the 
movement toward possible emotional closure when the patient 
does not succeed. The procedure must certainly be relatively 
low risk. Fortunately, IVF is usually relatively low risk except 
in some very high risk patients whose medical problems or 
pelvic anatomy make the IVF process more risky.

The Ethics Committee of the ASRM has a report, which 
addresses the issue of “Fertility Treatment when the progno-
sis is very poor or futile” [18]. The summary is as follows:

 1. For the purposes of this statement, “Futility” refers to 
treatment (e.g., and IVF cycle) that has a 0 or less than 1% 
chance of achieving a live birth; “very poor prognosis” 
refers to a treatment for which the odds of achieving a live 
birth are very low but not nonexistent (more than 1% but 
less than about 5% per cycle).

 2. Clinicians may refuse to initiate a treatment option they 
regard as futile providing they have informed the patient 
that they regard the option as futile.

 3. Clinicians may refuse to initiate a treatment option they 
regard as having a very poor prognosis providing they 
fully inform the patient about referrals, if appropriate. 
Decisions about refusing to treat patients should always 
be patient-centered.

 4. Protecting fertility center success rates is not an ethical basis 
for refusing to treat patients with very poor prognosis.

 5. Upon request, clinicians may treat patients in cases of 
futility or very poor prognosis provided the clinician has 
assessed some benefit and informed the patient of low 
odds of success.

 6. Thorough discussions are advisable at the beginning of 
the patient/physician interaction when the patient has 
indicators of futility or very poor prognosis.

 7. Programs should develop polices to guide decisions about 
treating patients with futile or very poor prognosis.
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Using these guidelines in the informed consent process may 
enhance the satisfaction of the patients and the clinicians 
when the outcome of pregnancy is extremely unlikely.

4.2.2.2  Impaired Decision Makers

There is no significant literature about the frequency that 
patients who have cognitive or developmental delay attempt 
to access ART. Whether a person who has significant cog-
nitive dysfunction by virtue of developmental disabilities 
or thought disorder (poorly controlled schizophrenia or 
manic depressive disorder) should have access to help with 
reproduction is a complex assessment of rights that is not 
the discussion here. However, if someone who has impaired 
decision making requests ART, and the ART team agrees to 
provide the services, the issues of informed consent become 
complex.

It is possible that the mother or guardian of a patient who 
has severe developmental delay may request ART services. 
How to evaluate the knowledge of the patient, and the 
process of informed consent may be quite difficult and 
beyond the scope of the ART clinic. The use of reproductive 
psychologists for evaluation and recommendation can be 
very helpful. Also, in the case of a patient who has post 
traumatic or hypoxic brain damage, or a poorly controlled 
thought disorder, the psychologist may be helpful in access-
ing further evaluation and treatment that can be initiated 
prior to accepting or denying the patient access and going 
through the informed consent process.

4.2.2.3  Precautionary Principle

The precautionary principle is based on the premise that 
action should be taken when there is evidence that not to 
do so would cause harm [19]. It is thought of as being a 
primary principle in public health – when there is a sugges-
tion of data that something is harmful, action should be 
taken until further research completely illuminates the 
issue. The areas of uncertainty that bring the precautionary 
principle into ART are issues of long term effects of embryo 
culture [20, 21]. The parts of the precautionary principle 
that apply in ART are transparency and inclusiveness in 
decision-making, action in the face of uncertainty, and 
accountability.

There is increasing understanding of the field of epigenet-
ics – modifications of the human genome after fertilization 
that affect the organism in future life. The ASRM has raised 
the issue of epigenetic risks from ART in their patient hand 
out on risks of IVF and embryo culture when the issue of 
imprinting diseases (Beckwith–Wiedemann and Angelman 

Syndrome) is discussed. The clinician counseling the couple 
as part of the informed consent process may or may not discuss 
this complex issue of epigenetics with the patients, and they 
may not understand if it were discussed. Also, the increased 
risk of “extremely rare” and it is difficult to know what level 
of frequency risks should be added to informed consent. 
What should be discussed is the fact that embryo culture is 
relatively new and reproductive endocrinologists, embryolo-
gists, and geneticists do not know all of the changes in the 
developing embryo that might be different in laboratory cul-
ture from in vivo. This acknowledgment to the patients, with 
the option of including the patients in the face of this uncer-
tainty could be considered an important part of the informed 
consent process and may be added to an informed consent 
document. The reassurance that the vast majority of children 
who are the result of successful ART procedures and blasto-
cyst culture are normal may be part of the discussion. 
However, acknowledgement of uncertainty in this domain is 
part of the transparency of the informed consent process.

4.3  Informed Consent Issues  
for Preimplantation Genetic Diagnosis 
and Preimplantation Genetic Screening

The Society of Advanced Reproductive Technology (SART) 
has developed a Practice Committee Opinion on the impor-
tant elements if informed consent for preimplantation diag-
nosis and preimplantation screening [22]. The techniques for 
preimplantation diagnosis for well defined diseases which 
can be diagnosed with single cell genetic methods have been 
used for almost two decades. The key elements in the 
informed consent counseling are as follows:

 1. The risks associated with IVF procedures.
 2. The option of choosing not to proceed with IVF and 

PGD.
 3. The risks associated with embryo biopsy and extended 

culture.
 4. For carriers of autosomal and X-linked disorders, the 

relevant patterns of inheritance and the impact of the dis-
order on the quality of life for an effected child.

 5. For carriers of balanced chromosomal translocations or 
other structural chromosomal abnormalities, a review of 
the possible patterns of segregation during meiosis and 
the increased risk for conceiving offspring having an 
unbalanced chromosomal composition.

 6. The technical limitations and pitfalls of PGD, including 
the risk for misdiagnosis, (the actual probability, when 
known) and the need for subsequent prenatal diagnostic 
testing via chorionic villus sampling or amniocentesis to 
confirm the results obtained with PGD.
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 7. Options relating to prenatal diagnostic testing and their 
associated risks:
(a) Chorionic villus sampling
(b) Amniocentesis
(c) Ultrasonography with or without additional blood 

tests
(d) No prenatal testing

 8. The possibilities that no embryos may be transferred if 
all are affected, and that unaffected embryos which carry 
the recessive or X-linked disorder may be transferred.

 9. The disposition of embryos for which testing yields no 
conclusive result.

 10. The disposition of embryos not transferred (e.g., discard, 
cryopreservation, research, or donation) as and when 
appropriate.

 11. Alternative methods for avoiding risk of disease (e.g., 
use of donor gametes).

Though PGD has been used clinically for many years, PGS is 
only recently developing and continues with controversy 
regarding the role of PGS and improving the ability to choose 
embryos most likely to yield a successful pregnancy. 
Techniques for PGS are evolving very rapidly and the ability 
to check for aneuploidy of all 23 chromosome pairs may be 
available soon. Also, whole genome hybridization may allow 
entire genome screening not only for common mutations and 
aneuploidy, but also mutations that are more rarer and possibly 
polymorphisms that predict disease. Clearly, the ethical issues 
of “babies by design” are beyond the scope of this chapter, and 
it is important to note that the informed consent process for 
these new technologies will also be rapidly evolving.

Having noted that, the ASRM Practice Committee does 
have guidelines on counseling and informed consent issues 
for PGS which should include;

 1. The risks associated with IVF.
 2. The option of choosing not to proceed with IVF and 

PGS.
 3. The risks associated with embryo biopsy and extended 

culture.
 4. The possibility of a false positive result that may lead to 

the discard of a normal embryo.
 5. The possibility of a false negative result that may lead to 

the transfer of an abnormal embryo.
 6. The possibility that testing may yield inclusive results.
 7. The possibility that no embryos may be transferred if all 

appear abnormal.
 8. Options relating to prenatal diagnostic testing and their 

associated risks.
(a) Chorionic visual sampling
(b) Amniocentesis
(c) Ultrasonography with or without additional blood 

tests
(d) No prenatal testing

 9. The nature and quality of the available evidence with 
regard to live birth rates after IVF with PGS.

 10. The disposition of embryos not transferred (e.g., discard, 
cryopreservation, research, or donation) as and when 
appropriate.

In as much as all physicians who provide obstetrical care are 
required by standard to inform patients of screening tech-
niques available for various populations, in the future it may 
be the standard the ART clinicians may be required to inform 
patients of PGS techniques, whether or not they are able to 
perform them at their center.

4.4  Informed Consent for Egg Donations

The process for informed consent for oocyte donors is 
somewhat more complex because the “risk versus benefit” 
is different. For identified donors, the “benefit” may be a 
social one of increased satisfaction for a process that 
improves the relationship between the donor and the recipient. 
The clinician who is charged with assessing and educating 
the donor should be quite convinced that there are no 
elements of coercion in the relationship between the recipi-
ent and the donor. In the case of anonymous donation, the 
“benefits” are either altruistic or financial or both. It is dif-
ficul to enumerate and weigh altruistic benefits, but finan-
cial benefits must be clearly outlined and documented. The 
circumstances under which a cycle would be cancelled and 
donor remunerated in these circumstances should also be 
discussed in advance and documented.

The risks for donors are known (risks of ovarian stimulation 
and oocyte retrieval) and unknown (long term physical and 
psychological risks). The known risks of ovulation induction 
and oocyte retrieval are in the literature [23]. The cumulative 
rate of serious complications (OHSS requiring hospitalization, 
ovarian torsion, infection requiring hospitalization, rupture of 
ovarian cyst requiring hospitalization) was 6 out of 886 retriev-
als (0.7%). The incidence of complications requiring office 
visits (mild to moderate OHSS, intraabdominal bleeding, and 
others) was 75 out of 866 retrievals (8.5%). The incidence of 
cycle cancellation (poor response, high risk of OHSS, health 
issues, pregnancy, positive screening tests, medication errors, 
and donor withdrawal) was 8.9% of anonymous donor cycles 
and 9.5% of identified donor cycles. Another report of a large 
series of oocyte donations (4,052 oocyte retrievals) suggested 
that the complication rate of ooctye retrieval was 0.4% (hemor-
rhage, torsion, severe pain) [24]. The risk of OHSS requiring 
hospitalization was 0.4%.

How medical complications will be handled and how can-
cellations will be managed or compensated must be dis-
cussed in advance and documented. Also, disclosure about 
the possible uses of donor oocytes is also part of informed 
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consent [25]. If the left over oocytes are used for research, 
the donors must know in advance the research involved and 
consent [26]. Finally, however, situations compromising the 
long term anonymity of the donor may arise, or there may be 
a legal requirement to reveal the donor’s identity. This pos-
sibility must be discussed and documented with the donor.

4.5  Oocyte and Ovary Tissue 
Cryopreservation

The ASRM Practice Committee created a very useful report 
on the essential elements of informed consent for elective 
oocyte cryopreservation [27]. The report reflects the very 
significant unknowns about the techniques for freezing, the 
techniques for thawing, the techniques for in vitro matura-
tion, and the outcomes of fertilization. The report suggests 
the following elements be in the informed consent process 
and document:

 1. The standard risks of ovarian stimulation and oocyte 
retrieval must be outlined as with routine IVF, including 
the probability of retrieving significant numbers of ova 
and the costs

 2. The methods for oocyte cryopreservation should be dis-
cussed. Although the new techniques that promise the 
fertilization possibilities are still small new techniques 
may be available in the future.

 3. Annual storage fees and where tissues should be stored 
should be discussed.

 4. The possible requirement for extensive screening and 
testing of the patient if oocytes are to be stored or trans-
ported or donated in the future.

 5. The expected freeze-thaw survival rate for the oocytes 
using the available technology. The technologies are still 
limited with respect to the outcome and it may be pos-
sible that no ooctyes may survive, mature, or fertilize.

 6. The requirement for future ICSI and the costs and 
expected fertilization rates.

 7. Clinic specific outcomes data should be given if avail-
able. If the clinic is new at the techniques and fertiliza-
tion and live births have not been achieved, this should 
be acknowledged.

 8. The possibility that the patient may never need these ova 
because she retains her spontaneous fertility in the future 
or decides never to become pregnant, or dies before she 
can use them.

 9. The plan for disposition of ova if they are not used by the 
patient by a given age or if the patient dies.

 10. The possibility of the clinic retrieving the ova and storing 
them may call for their transfer to another facility in the 
future.

The American College of Obstetrics of Gynecology also 
has a committee opinion on ovarian tissue and oocyte cryo-
preservation, outlining the same issues [28]

4.6  Informed Assent for Minors

Minors cannot give consent by the principle that they are 
probably unable to fully appreciate the risks and benefits of 
medical interventions. The term given to the process by 
which minor agree to a procedure is “assent” and the par-
ents or guardians give “consent.” The situations under 
which minors might be involved with ART procedures are 
primarily for obtaining and storing gametes in the setting of 
an adolescent undergoing fertility ending treatments. These 
interventions are intended to preserve the option of future 
fertility, but currently they are also experimental. Substantial 
care should be taken in the assent and consent process to 
acknowledge the limitations of techniques and understand-
ing of the reproductive consequences of fertilization of 
cryopreserved mature or immature ova and mature or 
immature sperm.

The ethical issues in fertility preservation for adolescent 
cancer survivors have been well described [29, 30]. The fol-
lowing issues must be discussed in the informed assent/con-
sent process:

 1. The intervention should not dangerously postpone cancer 
treatment.

 2. Cancer cells in the tissue removed should be at very low 
risk of reintroducing the cancer to the patient when tissue 
or oocytes are used in the future.

 3. There is very limited experience as to what the cryo-
preservation process does to immature ova and outcomes 
of future ovarian tissues, oocytes, and fertilized oocytes 
is not completely known. Similarly, although cryopreser-
vation of mature spermatozoa is standardized with excel-
lent pregnancy outcomes, cryopreservation of immature 
testicular tissue has no standard technique or known 
outcome.

 4. The issue of preserving fertility is often a very serious 
concern of the parents, but not a serious or immediate 
concern of the very ill adolescent. Though the parents 
may seek out care and give consent, obtaining assent from 
the child is still very important.

 5. There should be a discussion about the patient’s future 
rights to the gametes.

 6. There should be clear advanced directives about disposi-
tion of gametes if the child dies. It should be quite clear to 
the parents that the retrieval and cryopreservation are for 
the benefit of the child, and not for the benefit of or for 
future use by, the parents.
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The ESHRE Taskforce on Ethics and Law also created a 
statement on ethical considerations of cryopreservation of 
gametes and reproductive tissues for self use which outlines 
the ethical principles and informed consent issues for males 
and females which stressed the importance of interdisciplin-
ary consulting (the oncologists, pediatricians, reproductive 
specialists, psychologists, and counselors) in the decision-
making process [31].

4.7  Embryo Cryopreservation: Advanced 
Directives and Intent

A very important focus of the informed consent for embryo 
cryopreservation is the process of counseling regarding 
advanced directives. Advanced directives are thought to be 
part of directing actions when a person is no longer alive or 
able to act on his/her own. Similarly, advanced directives as 
part of the informed consent process for embryo cyropreserva-
tion were designed to allow the ART center to treat cryopre-
served embryos in a manner that the persons for whom they 
were created would wish in the event that they could not act on 
their own. Problems arising over the past years of cryopreser-
vation which include divorce, death of one spouse, inability to 
contact in the event of closure of a center, and failure to use the 
embryos within a certain age span have increased the possible 
use of advanced directives. Over the past years, the options for 
disposition have increased from “discard or donate for 
research” to include options for donation for other known 
couples, donation to organization for distribution to anony-
mous couples, or placement in a gestational surrogate. 
Undoubtedly, more options will arise in the future.

In the informed consent process, the clinician with the 
persons for whom the embryos are being made should dis-
cuss in detail as many of the possible situations that might 
arise that may make disposition of embryos necessary. These 
advanced directives are part of the informed consent docu-
ment and are not a binding legal contract, but courts have 
used these documents as a sign of intent when the embryos 
were made if a couple come to disagree about the use of 
embryos in the future. Each couple may have scenarios that 
are more pressing than others and may require their own spe-
cial consent form. Couples in which one member is very ill 
and not expected to live to use the embryos should very 
clearly have the issue of advanced directives discussed. 
Unmarried couples (heterosexual or homosexual) must 
clearly outline the nature of “ownership” of the embryos, 
especially when oocytes or sperm are donated in the creation 
of the embryos. Couples for whom discarding the embryos 
would never be an option and who may want to donate 
embryos in the future will need to be counseled about the 
importance of screening tests within the legal constructs of 

each country (FDA mandated screening for acceptance of 
embryos in transfer from one center to another). The persons 
for whom the embryos were created can change the direc-
tives in the future, but discordance of opinion in the future 
may make actual disposition very difficult and legally 
challenging.

Ideally, the informed consent process that includes 
advanced directives should include many of the scenarios 
that might arise with the given person or persons for whom 
the embryos are created. The counseling should be thought-
ful and patient specific. The person/persons for whom the 
embryos are created should have ample time at home and in 
the clinic to consider their individual situation and preferable 
option. Finally, persons who have not used their cryopre-
served embryos over several years should be contacted to 
determine if their situation or wishes have changed so that 
they can create a new advanced directive document. There 
have been very significant difficulties experienced by pro-
grams around the world when patients have not been able to 
be contacted over years. Centers should include the disposi-
tion scenario in which there is inability to find the owners of 
the cryopreserved embryos in the case of non-payment for 
storage, or dissolution of the practice [32]. The informed 
consent process may stress the responsibility of the couple to 
keep in regular contact with the center, and should consider 
a list of alternative contacts if the owners of the embryos can-
not be located.

4.8  Posthumous Donation: When There  
Can Be No Informed Consent

Most ART centers have cryopreservation consents with 
advanced directives that allow for posthumous donation 
should the couple (in the case of an embryo) or the person (in 
the case of cryopreserved sperm or cryopreserved ova) pre-
decease the use of the embryos or gametes. In these condi-
tions, the persons have clearly documented their intent for 
the use of their embryos or gametes in the future. They have 
given consent.

A more complex issue arises when there is a request to 
“harvest” sperm or ova from a patient who is perimortem or 
immediately postmortem, or in a persistent vegetative state 
and has not given consent. The ethical considerations for 
retrieving sperm, testicular tissue, or oocytes from a premor-
tem or recently deceased patient are complex, involving the 
rights of a body not to be disturbed (electroejaculation, tes-
ticular biopsy, or postmortem harvest of testicular tissue or 
ooctyes), the rights of the family to direct the use of tissue in 
the event that there are no specific directives (organ dona-
tion), and the rights of the future child. Without specific 
directives, it is common to assume that patients would not 
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prefer to have their organs harvested for the purposes of 
procreation. A survey of a random computer-generated sample 
of Utah residents assessed willingness to posthumously 
donate oocytes to create a pregnancy. The survey revealed 
that 57% of women were willing to donate their ova after 
death to create a child. Similarly, 52% of people who were 
the guardians of a potential patient whose ova might be har-
vested were willing to use the ova to create a child [33]. 
Although this is a relatively high rate of acceptance, it still 
leaves almost 50% who would not choose to have their ova 
used to create a child. The rate of acceptance of posthumous 
donation might be very different in the setting of a married 
couple who had been in the process of attempting a preg-
nancy when the question for posthumous egg or sperm 
donation arose.

A critique of the issues of gamete harvest without consent 
questions whether this is fundamentally different from other 
organ donation. It is common for families to decide whether 
to allow organ harvest without prior consent for patients who 
are to be taken off life support. Should gametes be any differ-
ent than a heart or a kidney [34]? If there is clear evidence 
from the family and the partner that the patient was planning 
children with this partner, then consent might be implied and 
the gametes used to create a child with the partner. Given that 
the parents would never have been partners in the creation of 
a child with the patient, the parents’ wishes are not part of 
what may have been the original intent with the patient. They 
might, however, provide substantiating evidence for the 
partner’s wish to harvest gametes.

In Israel, guidelines were published in 2003 for posthu-
mous sperm retrieval for the purpose of future insemination 
or IVF by the surviving female partner. This was in response 
to an increase in requests for posthumous sperm donation 
by partners and parents of deceased men. The guide-
lines suggested a two step procedure which allowed for the 
urgency of the sperm harvest under premortem or perimortem 
conditions, and the thoughtful considerations of their future 
use at a later date under less time pressure. Requests for 
sperm harvest were to be honored when made by the patient’s 
wife or partner. Requests from parents were not accepted. 
Sperm harvest did not necessarily authorize its use, and the 
decision to use the sperm was made after some later decision 
making processes [35].

The European Society of Human Reproduction and 
Embryology (ESHRE) created a task force on this issue with 
guidelines published in 2006 [36]. This document recognizes 
that the majority of requests for posthumous donation arise 
in the setting of an existing “parental project.” In this frame-
work, the gametes can only be used by the surviving partner 
and parents or other family members have no rights for 
request. The partner can only use the gametes for his or her 
reproduction. A minimum waiting period of one year should 
be imposed before the partner can begin therapy to use the 

gametes after thorough counseling of the partner during the 
waiting and decision making period.

This request for posthumous donation is often made with 
great urgency, and in the presence of considerable familial 
grief and conflict. ART centers that will consider offering 
these services should have very clear policies and procedures 
in place in advance that are well known to all members of the 
team so when these emergency requests are made, the process 
is clear.

4.9  Storage of Informed Consent Documents

There are no “best practices” of numbers of copies of 
informed consent documents and who should keep them and 
how they should be kept. It is prudent to have one copy for 
the clinicians, one copy for the embryologists and one copy 
for the patient/patients. There are no clear guideline of how 
long these documents should be kept, where they should be 
kept, and where they should go in the case of dissolution of 
the ART center. In the absence of clear guidelines and in the 
face of considerable uncertainty, they should be kept indefinitely, 
in either paper or electronic form.

4.10  Conclusion

The informed consent process is time consuming, complex, 
and varies from patient to patient. Patients need to feel that 
their requests for information and guidance have been heard. 
Clinicians need to feel that their information regarding risks 
and possible outcomes have been processed and retained. 
A document signed by the parties involved should reflect 
these issues. A well conceived and timely informed consent 
process, and, shared decision making that is repeated through-
out the ART procedures is most likely to lead to satisfaction on 
the part of the patients and the clinicians, whatever the out-
comes of the procedure itself.

4.11  Summary

There are standardized patient handouts available from some 
ART organizations (ASRM) regarding the risks of IVF/ICSI. 
The Society for Advanced Reproductive Technology of the 
ASRM has developed a 20 page universal informed consent 
that ART centers can use when offering IVF, ICSI, assisted 
hatching, and embryo cryopreservation. This form is available 
to SART members and includes the risks of medications, egg 
retrievals, embryo culture, and embryo transfer. It addresses 
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the ethical, legal, and psychosocial issues of ART and dis-
cusses alternatives. Standardized documents may help 
decrease the burden of informed consent document creation, 
and standardized patient handouts on techniques, risks, and 
benefits and be helpful. However, the actual face-to-face 
informed consent process and the assessment of the patients’ 
understanding will always be time consuming.

The “Paling Palette” can be used to display medical risks 
with a probability higher than 1 in 1,000 [7]. An evidence-
based resource on informed decision making in reproductive 
issues (specifically hormonal contraception but the tools and 
processes are similar) is available through the Association of 
Reproductive Health Professionals (ARHP) [8].

The specific ART procedures should be discussed in some 
detail with pictures or videos of the unstimulated ovary, the 
hyperstimulated ovary, the transvaginal ultrasound guided 
egg retrieval, the embryo culture, the intracytoplasmic sperm 
injection, and the embryo transfer. Extensive resources of 
varying reliability are available to patients on the internet, 
and often sites are sponsored by specific ART programs. 
Each ART facility should decide to sponsor specific web-
based information, or develop its own website.

A shared dialogue between the clinicians and the labora-
tory staff should create the probability of pregnancy for dif-
ferent diagnoses and ages. All the clinicians, embryologists, 
and educators should use the same source for the program’s 
pregnancy rates and it should be up-to-date. In the United 
States, programs that participate in the Centers for Disease 
Control data collection for IVF may choose to use their most 
recent data which is posted on the CDC website [9].

The more complex ethical question in the informed con-
sent process is whether a discussion about IVF center out-
comes disparities should be initiated. There is a very broad 
range of pregnancy rates in the CDC center specific out-
comes website.

Do physicians have an ethical duty to inform patients 
about the success rates of their center compared to other cen-
ters? There are very real trends in increasing pregnancy rates 
and birth rates in IVF centers with higher volume. What is 
the role of the clinician in discussing these issues [10]? As 
informed consent is seen as the right of the patient and the 
obligation of the physician, outcomes data for an individual 
IVF center must be discussed.

Alternatives for family building (or the choice not to pur-
sue fertility therapy or adoption) should be discussed. 
Alternatives are not usually added to the informed consent 
document, but are a very important part of the informed con-
sent process. Risks of procedures should be explained as a 
function of their frequency and severity. A highly recom-
mended resource for outcomes after ART is the Joint Society 
of Gynaecologists of Canada (SOGC) and the Canadian 
Fertility and Andrology Society Guideline: Pregnancy 
Outcomes After Assisted Reproductive Technology [13]. 

“Since definitions of futile care are value laden, universal 
consensus on futile care is unlikely to be achieved. Rather, 
the American Medical Association Council on Ethical and 
Judicial Affairs recommends a process-based approach to 
futility recommendations” [16].

The precautionary principle is based on the premise that 
action should be taken would cause harm when there is evi-
dence that not to do so [19]. It is thought of as being a primary 
principle in public health – when there is a suggestion of data 
that something is harmful, action should be taken until further 
research completely illuminates the issue. The areas of uncer-
tainty that bring the precautionary principle into ART are 
issues of long term effects of embryo culture [20, 21]. The 
parts of the precautionary principle that apply in ART are 
transparency and inclusiveness in decision making, action in 
the face of uncertainty, and accountability. What should be 
discussed is the fact that embryo culture is relatively new and 
reproductive endocrinologists, embryologists, and geneticists 
do not know all of the changes in the developing embryo that 
might be different in laboratory culture from in vivo. This 
acknowledgment to the patients, with the option of including 
the patients in the face of this uncertainty could be considered 
an important part of the informed consent process and may be 
added to an informed consent document.

The ESHRE Taskforce on Ethics and Law also created a 
statement on ethical considerations of cryopreservation of 
gametes and reproductive tissues for self use which outlines 
the ethical principles and informed consent issues for males 
and females which stressed the importance of interdisciplin-
ary consulting (the oncologists, pediatricians, reproductive 
specialists, psychologists, and counselors) in the decision-
making process [31].

A very important focus of the informed consent for 
embryo cryopreservation is the process of counseling regard-
ing advanced directives. Advanced directives are thought to 
be part of directing actions when a person is no longer alive 
or able to act on his/her own. Similarly, advanced directives 
as part of the informed consent process for embryo cyro-
preservation were designed to allow the ART center to treat 
cryopreserved embryos in a manner that the persons for 
whom they were created would wish in the event that they 
could not act on their own.

The request for posthumous donation is often made with 
great urgency, and in the presence of considerable familial 
grief and conflict. ART centers that will consider offering 
these services should have very clear policies and procedures 
in place in advance that are well known to all members of the 
team, that so when these emergency requests are made, the 
process is clear.

The informed consent process is time consuming, com-
plex, and varied from patient to patient. Patients need to feel 
that their requests for information and guidance have been 
heard. Clinicians need to feel that their information regarding 
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risks and possible outcomes have been processed and 
retained. A document signed by the parties involved should 
reflect these issues. A well conceived and timely informed 
consent process and shared decision making that is repeated 
throughout the ART procedures is most likely to lead to sat-
isfaction on the part of the patients and the clinicians, what-
ever the outcomes of the procedure itself.
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Abstract The assisted reproductive technology (ART)  
laboratory must conform to a myriad of rules and regulations, 
including Clinical Laboratory Improvement Amendments 
of 1988 (CLIA), the Fertility Clinic Success Rate and 
Certification Act of 1992 (FCSRCA), also known as the 
Wyden Bill, and the Food and Drug Administration (FDA). 
In addition, laboratory inspections, personnel certification 
requirements, and ART data registry systems exist which can 
make the day to day activity in the ART laboratory complex. 
This chapter will attempt to provide sufficient background 
information on all of these rules, regulations, certifications, 
and registry systems to aid ART laboratory personnel in 
circumnavigating through this regulatory minefield.

Keywords Assisted Reproductive Technology Laboratory • 
Andrology laboratory • Embryology laboratory • Personnel 
certification • Laboratory accreditation • Data registry 
systems

5.1  Introduction

Although it may appear that the laboratory component of 
assisted reproductive technologies (ART) is heavily regulated 
in the US, with exception of a few State regulations, virtually 
all of the standards put forth for regulating the ART labora-
tory are voluntary and carry no sanctions for noncompliance 
[1, 2]. The ART laboratory has avoided regulatory oversight 
for many reasons, but, they center around one primary point 
of contention: the definition of the term clinical laboratory 
as it relates to ART, and the subtle differences between the 
practice of medicine (therapy), which is essentially devoid of 
legislative oversight, versus laboratory testing (diagnosis), 

which is heavily regulated. Many view the procedures carried 
out in the embryology laboratory, including oocyte isolation, 
fertilization, embryo development and transfer, as part of the 
patient’s therapy and that no useful diagnostic information is 
gleaned from these procedures. Thus, according to the argu-
ment, the embryologist is involved in the patient’s therapy 
(i.e., the practice of medicine) and the oversight mechanisms 
that govern diagnostic testing do not apply to this “labora-
tory.” However, with the advent of newly codified Food 
and Drug Administration (FDA) [3] rules (see below), the 
regulatory landscape of the ART laboratory is quickly becoming 
treacherous.

In contrast to the embryology laboratory, the testing per-
formed in the andrology laboratory, such as the counting of 
sperm, the assessment of motility and forward progression, 
and the determination of morphology, all are clearly diagnos-
tic procedures in nature, and as such, are covered by Federal 
mandatory oversight. However, it is when these procedures 
are performed as an integral part of the ART procedure that 
the lines delineating what is considered diagnostic testing 
(i.e., mandatory oversight) and therapeutic procedures (i.e., 
voluntary oversight) become blurred. Even though the embry-
ologist may be evaluating sperm using the exact same proce-
dures employed by the andrologist, many feel that these 
procedures should not be covered by the existing mandatory 
Federal oversight because of their therapeutic nature. Thus, 
for the most part, Federal oversight of the andrology laboratory 
is mandatory while oversight of the embryology laboratory is 
voluntary even though these two “laboratories” may be housed 
in the same room, and the “embryologist” and the “andrologist” 
are often the same person.

There are three laws which either directly or indirectly 
regulate the ART laboratory in the United States; the Clinical 
Laboratory Improvement Amendments of 1988 (CLIA) [4] 
and subsequent final rule [5], the Fertility Clinic Success 
Rate and Certification Act of 1992 (FCSRCA), also known 
as the Wyden Bill [6], and the FDA [7]. The authors have 
provided detailed overviews of these regulations as they 
pertain to ART laboratories elsewhere [1, 2, 8–10], and the 
reader will no doubt notice similarities between this chapter 
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and previous reviews. However, FDA regulations have changed 
drastically very recently, and the impact on the ART labora-
tory is still being gauged.

In January of 2003, the Centers for Disease Control and 
Prevention [11] and the Centers for Medicare and Medicaid 
Services [12] published final laboratory regulations (i.e., 
“CLIA”), that became effective from April 24, 2003. CLIA 
is the federal law which sets the standards for essentially 
all clinical laboratory testing in the United States except 
forensic laboratories, research laboratories, and drug-testing 
laboratories. Although some individual states have passed 
laws which govern laboratory testing within their respective 
boundaries, these State laws are based upon, and must be 
at least as strict, as CLIA. FCSRCA is aimed specifically at 
“embryo laboratories,” and does not address andrology 
testing per se, or classical laboratory testing. Whereas com-
pliance with CLIA is mandatory, and there are strict penalties 
for noncompliance, compliance with FCSRCA is completely 
voluntary, and there are no sanctions for noncompliance. 
The premise behind the creation of what may appear to be 
duplicative regulatory laws relates to the long-standing 
disagreement mentioned above over whether the activities 
which take place in the ART laboratory provide an actual 
diagnosis, and therefore come under CLIA, or instead con-
stitute therapy, and therefore require separate and distinct 
regulatory language (hence, FCSRCA) [2].

In 1997, the FDA announced plans to regulate human 
cellular and tissue based products under the communica-
ble disease provisions of the Public Health Service Act 
(Section 361). Later the term human cells, tissues, and cel-
lular and tissue-based products (HCT/Ps) were implemented 
which clarified the terminology without changing the scope 
of FDA’s purpose. This comprehensive plan of regulation 
for HCT/Ps included establishment registration, donor-
suitability requirements, good tissue practice requirements, 
and other regulations. The plan was to protect public health 
with as minimal governmental regulation as necessary to 
accomplish this goal.

The plan was implemented by regulation in a tiered fash-
ion. The establishment registration subpart became effec-
tive 75 days after publication in January 2001. Reproductive 
establishments were required to register by March 2004. 
The portion of the rule that covers donor eligibility was 
published in May 2004, and became effective from May 25, 
2005. On May 24, 2005, the FDA published the Interim Final 
Rule for Donor Eligibility, with requirements for implemen-
tation on May 25, 2005. The final tier of the plan, which 
considered good tissue practices, was published in November 
24, 2004. However, as of the writing of this edition, except 
for small sections, the Current Good Tissue Practices portion 
of the plan does not apply to the majority of reproductive 
establishments.

5.2  The Clinical Laboratory Improvement 
Amendments

CLIA defines a laboratory as “a facility for the biological, 
microbiological, serological, chemical, immunohematological, 
hematological, biophysical, cytological, pathological, or 
other examination of materials derived from the human 
body for the purpose of providing information for the 
diagnosis, prevention, or treatment of any disease or 
impairment of, or the assessment of the health of, human 
beings” [4]. Under CLIA, all laboratory tests are cate-
gorized as being Waived, Moderate Complexity or High 
Complexity. All laboratories must meet minimal standards 
based on the complexity categorization of the specific test 
[13], which depends upon many factors primarily related 
to the degree of difficulty and interpretation required for 
successful test performance. It should be noted that even 
if the laboratory performs only a single high complexity 
test, then this laboratory must meet all of the requirements 
for high complexity testing. The vast majority of ART 
laboratories performing diagnostic testing fall under the 
requirements of high complexity testing, and we will there-
fore limit our discussion in this chapter to requirements for 
this category.

In general, CLIA provides standards for six main aspects 
of laboratory testing: proficiency testing (PT), patient test 
management, quality control (QC), personnel requirements 
and responsibilities, quality assessment (QA) and inspections 
and sanctions.

5.2.1  Proficiency Testing

PT is a process of external, inter-laboratory quality control 
whereby simulated patient samples are tested by participating 
laboratories, and the performance of the individual labo-
ratory is compared with the collective performance of all 
participants [14]. All laboratories in the United States 
engaged in high complexity testing are required to enroll in a 
government approved PT program, if such a program is 
available, and failure to achieve satisfactory performance in 
PT may result in sanctions against the laboratory [8]. 
Currently, the American Association of Bioanalysts (AAB) 
[15] and the College of American Pathologists (CAP) [16] 
are the only government approved PT programs offering PT 
in andrology and embryology. The results of the AAB PT 
program in embryology [17] and andrology [18] have previ-
ously been reported. These results, and other such reports 
[19, 20], indicate an urgent need for improvement in the 
quality of andrology testing.
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5.2.2  Patient Test Management

Patient test management is one of the most important aspects of 
CLIA, especially as it relates to the handling of gametes. 
Standards associated with patient test management help to 
ensure that a specimen is properly collected, labeled, processed, 
analyzed, and that accurate results are reported. To accomplish 
this goal, CLIA divides clinical testing into three main pro-
cesses: specimen receiving (i.e., preanalytic), specimen testing 
(i.e., analytic) and result reporting (i.e., postanalytic).

Positive identification of the patient and his/her specimen 
is maintained throughout these three processes to ensure 
proper chain of custody of the specimen from the time of 
collection, through testing, to accurate reporting of test 
results. The preanalytic standards ensure that patients are 
properly informed about specimen collection; that adequate 
labeling, preservation, transportation and processing of the 
specimen take place and that the laboratory only performs 
tests which are requested by authorized individuals. The ana-
lytic standards ensure that the actual testing is performed 
in such a way as to provide accurate and reliable results. 
A major part of this process is laboratory QC (see below). 
The postanalytic standards ensure that laboratory tests are 
reported in a timely manner; that the test report form itself is 
accurate and meaningful; that test results are only reported to 
authorized individuals; and that the reporting process 
protects the patient’s confidentiality. The definition of an 
“authorized individual” to whom test results may be reported 
is typically defined by State law. Most States define this indi-
vidual as the person who ordered the test, who is usually a 
physician or health care worker. Some States do, however, 
allow “direct access testing,” where the patient him/herself 
can order laboratory tests on themselves. In these States, 
laboratory test results may be provided directly to the patient 
without a health care worker acting as an intermediary.

5.2.3  Quality Control

QC, according to CLIA, involves a more broad approach to 
laboratory testing than merely including a known positive 
and negative sample in each assay. It is a comprehensive 
program that covers all aspects of the laboratory, including 
facilities, test methods, equipment, instrumentation, 
reagents, materials and supplies; procedure manual, estab-
lishment and verification of method performance specifica-
tions; equipment maintenance and function checks; 
calibration and calibration verification procedures; assay 
control procedures; remedial action; and QC records [8]. 
QC in the ART may seem problematic, especially in the 

andrology laboratory. However, several novel approaches 
have been proposed [21–23]. Another unique aspect of the 
embryology laboratory involves the need, or lack thereof, 
for quality control testing of media [24]. Controversy exists 
as to whether media used for oocyte/embryo culture needs 
to be QC tested in light of the fact that most commercial 
medial now is pre-tested prior to shipment. CLIA does allow 
the laboratory to use manufacturer’s control checks of media 
provided the manufacturer’s product insert specifies that the 
manufacturer’s quality control checks meet the national 
standards for media quality control. The laboratory must 
document that the physical characteristics of the media 
are not compromised and report any deterioration in the 
media to the manufacturer. The laboratory must follow 
the manufacturer’s specifications for using the media and be 
responsible for the test results.

5.2.4  Personnel Requirements  
and Responsibilities

Laboratories performing high complexity testing must 
identify five qualified individuals to assume the responsibilities 
of the director, clinical consultant, technical supervisor, gen-
eral supervisor, and testing personnel. One single individual 
may assume the role of one or more of these positions. 
In fact, a single individual, if qualified, may assume the role 
of all five. This is not unusual in small laboratories. Each 
individual assuming these positions must meet certain well 
defined qualifications based on formal education, training 
and experience. In general, to qualify for the Director, an 
individual must either be: (1) a board certified pathologist 
or a licensed physician with 2 years experience in directing or 
supervising testing; or (2) posses an earned doctoral degree 
in science with 4 years experience in clinical laboratory 
testing, 2 years of which must be at the level of supervisor 
of director. In addition, as of December 31, 2000, the non-
physician director must obtain board certification by one 
of several government approved certification boards (see 
Sect. 5.7 below).

The responsibilities of the director are numerous, broad, 
and all-encompassing [8]. In general, the director is respon-
sible for the overall operation and administration of the labo-
ratory, including the employment of personnel who are 
competent to perform test procedures, record and report test 
results promptly, accurately and proficiently and for assuring 
compliance with the applicable regulations [8]. Although 
some of the duties of the director may be delegated to others, 
he/she must maintain the responsibility. There are several 
duties for which the director must maintain direct oversight 
[25]. The director must ensure that:
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Testing systems in the laboratory provide quality services • 
in all aspects of test performance, i.e., the preanalytic, 
analytic, and postanalytic phases of testing and are appro-
priate for your patient population.
Physical and environmental conditions of the laboratory • 
are adequate and appropriate for the testing performed.
The environment for employees is safe from physical, • 
chemical, and biological hazards and safety and biohaz-
ard requirements are followed.
A general supervisor (high complexity testing) is avail-• 
able to provide day-to-day supervision of all testing 
personnel and reporting of test results as well as provide 
on-site supervision for specific minimally qualified 
testing personnel when they are performing high com-
plexity testing.
Sufficient numbers of appropriately educated, experi-• 
enced, and/or trained personnel who provide appropriate 
consultation, properly supervise, and accurately perform 
tests and report test results in accordance with the written 
duties and responsibilities specified by the director, are 
employed by the laboratory.
New test procedures are reviewed, included in the proce-• 
dure manual and followed by personnel.
Each employee’s responsibilities and duties are specified • 
in writing.

The director must be accessible to the laboratory at all 
times, but this accessibility may be achieved through tele-
phone or electronic means. However, a single director may 
direct up to five individual laboratories, even at distinct and 
distant geographical sites.

The clinical consultant is responsible for assisting the 
laboratory’s clients in ordering appropriate tests and 
interpreting test reports. The technical supervisor carries a 
number of responsibilities including selection and verifica-
tion of test methodologies, enrollment in PT, establishing 
QC programs, resolving technical problems, and identifying 
training needs and evaluating competency of testing person-
nel. The general supervisor is responsible for providing the 
day-to-day supervision of high complex test performance by 
the testing personnel, and the testing personnel’s primary 
responsibility is performing accurate testing.

5.2.5  Quality Assessment

CLIA requires each laboratory to establish and follow 
written policies and procedures for a comprehensive QA 
program designed to monitor and evaluate the ongoing and 
overall quality of the total testing process [8]. QA attempts to 
address all aspects of the preanalytic, analytic and postana-
lytic processes in a continuous fashion. It is a system which 

monitors not just how well an incubator holds temperature, 
or the accuracy and precision of an internal assay control, but 
also considers other relevant things such as communication 
with physician clients and continuing education of labora-
tory employees. This process is usually best monitored by a 
periodic (i.e., monthly) QA meeting which includes the labo-
ratory personnel and if possible, the ordering physician and 
his/her staff. Specifically, CLIA requires the laboratory to 
address several things, including:

Monitoring all aspects of patient test management • 
mentioned earlier, including criteria established for 
patient preparation, sample collection, quality control, 
test requisition and test reporting.
Documenting problems that occur as a result of break-• 
downs in communication between the laboratory and the 
authorized individual who orders or receives the results of 
test procedures. Furthermore, corrective actions taken to 
resolve the problems and minimize communications 
breakdowns must be documented.
Documenting all complaints and problems reported to • 
the laboratory. Investigations of complaints must be 
made, when appropriate, and as necessary corrective 
actions instituted, with ongoing monitoring to minimize 
reoccurrences.
Documenting of all QA activities including problems • 
identified and corrective actions taken.

5.2.6  Inspections and Sanctions

The United States Government Department of Health and 
Human Services (DHHS) [26] ensures laboratory compli-
ance with CLIA standards by performing on-site inspections 
at least once every 2 years. The actual entity which performs 
the inspection, on behalf of DHHS, depends upon the State 
in which the laboratory is located and the type of certificate 
the laboratory has requested. Laboratories have the option of 
being inspected by representatives of their respective State 
Department of Health, or requesting that inspections be con-
ducted by one of several private accrediting agencies. The 
most common of these is the CAP, the Commission on Office 
Laboratory Accreditation (COLA) [27], and the Joint 
Commission on Accreditation of Health Care Organizations 
(JCAHO) [28]. For practical reasons, the vast majority of 
these on-site inspections are announced, rather than surprise 
unannounced visits. These inspectors typically use detailed 
checklists to determine if the laboratory is in compliance 
with all of the CLIA standards. If deficiencies are noted, the 
laboratory is given an opportunity to correct these problems. 
Failure to correct the noted deficiencies, or other violations 
of CLIA may result in a range of sanctions, which may 
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include suspension, limitation or revocation of the laboratory’s 
certificate, civil suit against the laboratory, or imprisonment 
or fine for any person convicted of intentional violation of 
CLIA requirements [8]. Fines can range from $50 to $10,000 
per day. In addition, the Secretary of DHHS is required to 
publish annually, a list of all laboratories that have been 
sanctioned during the preceding year. Thus, participation in 
CLIA is not a matter of choice, and failure to comply with 
these standards carry stiff penalties.

5.3  The Fertility Clinic Success Rate  
and Certification Act of 1992

In 1988, in response to consumer concerns about the conduct 
of ART programs and the apparent lack of uniform informa-
tion relating to the pregnancy success rates, Congressman 
Ron Wyden conducted public hearings to address these con-
cerns [29, 30]. Later that same year, a survey was sent to the 
directors of all ART programs to determine clinic specific 
success rates, and the results of this survey were released at 
a second hearing held in 1989. Congressman Wyden held a 
press conference on June 21, 1990 and introduced the 
Fertility Clinic Success Rate and Certification Act (FCSRCA) 
of 1992, which became widely known as the Wyden bill [29]. 
The final version of the Wyden bill was passed into law on 
October 24, 1992 [6].

The FCSRCA was intended to provide the public with 
comparable information concerning the effectiveness of 
infertility services and to assure the quality of such services 
by providing for the certification of embryo laboratories [6, 
31]. Basically, FCSRCA consists of two components. The 
first component prescribed a mechanism whereby each clinic 
performing ART in the United States would report its clinic-
specific pregnancy rates on an annual basis, and this will be 
discussed in more detail below (see Sect. 5.8).

The second component of FCSRCA called for the 
Secretary of DHHS, through the CDC, to develop a model 
program for the certification of embryo laboratories to be 
administered by the individual States [31]. In developing 
such a model, the CDC consulted with various consumer 
(i.e., RESOVLE) [32] and professional groups (i.e., the 
ASRM, SART and the AAB) who had expertise and interest 
in ART laboratory services. The standards that were to be 
developed include standards to assure consistent perfor-
mance of laboratory procedures; a standard for QA and QC; 
standards for the maintenance of all laboratory records 
(including laboratory tests and procedures performed, as 
well as personnel and equipment records); and a standard for 
personnel qualifications [6, 31]. Interestingly, these stan-
dards were prohibited from establishing any such regulation, 
standard or requirement that has the effect of exercising 

supervision or control over the practice of medicine in ART 
programs [6]. Furthermore, compliance with the standards 
set forth by FCSRCA is completely voluntary, and no sanc-
tions were prescribed for noncompliance.

After several years of consultation and planning, the final 
notice of the model program for embryo laboratory certifica-
tion was published in July 1999 [31]. The model laboratory 
program defined an Embryo laboratory as a “facility in which 
human oocytes and sperm, or embryos, are subjected to ART 
laboratory procedures” [31]. It further defined ART labora-
tory procedures as:

All laboratory procedures for handling and processing of human 
oocytes and sperm, or embryos, with the intent of establishing a 
pregnancy. These procedures include, but are not limited to, the 
examination of follicular aspirates, oocyte classification, sperm 
preparation, oocyte insemination, assessment of fertilization, 
assessment of embryo development, preparation of embryos for 
embryo transfer, and cryopreservation of specimens.

The model program for laboratory certification consists of four 
main sections: Personnel Qualifications and Responsibilities, 
Facilities and Safety, Quality Management, and Maintenance 
of Records.

5.3.1  Personnel Qualifications  
and Responsibilities

The FCSRCA states as a guideline that the embryo laboratory 
should employ one fully trained individual for every 90–150 
ART cycles performed annually, and at least two qualified 
individuals should be available to provide appropriate services. 
According to the model program, the embryo laboratory 
must identify three key laboratory individuals: Director, 
Supervisor and Reproductive Biologist. If qualified, one 
individual may assume the responsibilities and role of more 
than one position. In order to qualify as a Director, the indi-
vidual must: (1) possess a doctoral degree (2) have 2 years’ 
pertinent experience including 6 months’ training in an ART 
laboratory (3) document 1.2 continuing education units 
(CEUs) in ART or clinical laboratory activity annually and 
(4) if actively doing ART procedures, perform at least 20 
procedures annually. The FCSRCA does provide a “grandfa-
ther clause” for nondoctoral directors provided they were 
serving as a director prior to July 20, 1999. In order to qual-
ify as a Supervisor, the individual must possess at least a 
bachelor degree and demonstrate similar experience and 
training to that of the Director. Qualifications for Reproductive 
Biologists are similar to Supervisors except that these indi-
viduals are only required to have previously performed 30 
ART procedures

In general, the director is responsible for the overall opera-
tion, administration, and technical and scientific oversight of 
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the ART laboratory, and is charged with hiring qualified 
personnel to perform the ART laboratory procedures. The direc-
tor does not have to be physically present during procedures, 
but must be accessible to the laboratory to provide on-site 
consultations by telephone or electronic means as needed. The 
supervisor, as the name implies, is responsible for providing 
day-to-day supervision and oversight of the embryo labora-
tory operation and the personnel performing ART laboratory 
procedures. The supervisor must be accessible to the labora-
tory to provide on-site, telephone or electronic consultation to 
resolve technical problems. It is this individual who is charged 
with the responsibility of ensuring proper training of all labo-
ratory personnel. The reproductive biologist, synonymous 
with CLIA defined “testing personnel,” is responsible for 
performing the ART laboratory procedures and for recording 
and reporting procedural outcomes. This individual is limited 
to independently performing only those procedures in which 
training has been documented. All other procedures must be 
performed under direct and constant supervision.

5.3.2  Facilities and Safety

The model program states that the lab must provide adequate 
space and appropriate environmental conditions to ensure 
safe working conditions and quality performance of ART 
laboratory procedures. These standards not only provide for 
aseptic conditions required for successful ART procedures, 
but also ensure a safe working environment for employees. It 
further mandates that all Federal, State and local regulations 
be followed regarding the use of human and animal materials 
and hazardous chemicals.

5.3.3  Quality Management

The model program spells out standards for a comprehensive 
quality management program that is designed to monitor and 
evaluate the ongoing ART laboratory procedures performed 
and services provided. The program contains standards for 
the make-up of the ART laboratory procedure manual which 
are similar in scope to those outlined in CLIA. The program 
provides standards for proper maintenance and calibration of 
all equipment used in the ART laboratory, including 24 h 
monitoring of applicable equipment and emergency backup 
in the event of power failure. The standards state that the 
laboratory must maintain records of the batch or lot number, 
date of receipt and date placed in use of all reagents and 
media, and must also verify that materials which come in 
contact with sperm, oocytes and embryos have been tested 
and found to be nontoxic either by the ART laboratory or by 
the manufacturer.

The model program standards, in keeping with the spirit 
of CLIA, stipulate that the laboratory must obtain written or 
electronic requests from an authorized person (usually a 
physician) before performing any procedure on patient’s 
gametes or embryos. Any additional applicable information, 
including verification of informed consent, must also be 
obtained before performing procedures. The laboratory must 
establish written procedures and criteria for: (1) evaluation 
and assessment of oocyte morphology and maturity, fertil-
ization, and embryo quality (2) insemination schedule rela-
tive to oocyte maturity (3) the volume, numbers and quality 
of sperm used for insemination of each oocyte (4) disposition 
of oocytes with an abnormal number of pronuclei, as well as 
disposition of excess oocytes (5) the time period following 
insemination for examination of fertilization (6) microma-
nipulation of oocytes and embryos (7) re-insemination 
of oocytes (8) length of time embryos are cultured prior to 
transfer, and medium and protein supplementation used for 
transfers (9) types of catheters available, and circumstances 
when each should be used (10) methods of transfer and tech-
niques for checking the catheters posttransfer for retained 
embryos and (11) disposition of all excess embryos. Similarly, 
the model plan contains standards requiring detailed records 
on the outcome of each of the above mentioned steps, including 
the identity of the individual performing each step. The stan-
dards require duplicate log books or files for cryopreserved 
samples.

Prior to implementing any procedure in the ART labora-
tory, appropriate performance measures of the procedure 
must be verified and documented. For each batch of culture 
media prepared in-house, the quality of the media, including 
pH, osmolality and culture suitability using an appropriate 
bioassay system, must be confirmed. The model program 
standards allow the laboratory to accept quality control 
procedures performed by the manufacturer if commercially 
prepared media are used.

Lastly, the model program stipulates that the ART labora-
tory must establish and follow a written quality assurance 
(i.e., “assessment”) program aimed at monitoring the quality 
of ART laboratory services provided, and to resolve problems 
identified. The details of this QA program are virtually iden-
tical to that described in CLIA, with the inclusion of 
ART-specific standards including the requirement to track and 
evaluate fertilization rates, cleavage rates and embryo quality.

5.3.4  Maintenance of Records

The model program provides standards for the retention of 
records of all of the laboratory’s policies and procedures; per-
sonnel employment, training, evaluations and continuing edu-
cation activities, and quality management activities. The 
laboratory must maintain these records for a period of time 
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specified by Federal, State and local laws or for 10 years beyond 
the final disposition of all specimens obtained during each 
patient’s ART cycle, whichever is later. The standard requires 
that all records must be maintained on-site for at least 2 years.

5.3.5  Sanctions and Enforcement

The Secretary of DHHS is instructed to publish annually a 
list of laboratories who have not complied with the standards 
of FCSRCA, but, the noncompliant laboratory is free to con-
tinue to offer ART laboratory services. The final rule stated 
that while it was anticipated “that the costs of Federal and 
State monitoring and oversight of embryo laboratories would 
be covered by the fees paid by participating laboratories, 
participation by embryo laboratories is voluntary and labora-
tories not willing to pay these fees would not be limited in 
their ability to operate” [31]. So far, embryo laboratories in the 
US have “not indicated they would opt into such a voluntary 
program” [31]. The final ruling further stated that “while the 
model certification program for embryo laboratories does 
not provide for a Federal oversight role, we do believe that 
this model provides an excellent resource for States that wish 
to develop their own programs and professional organiza-
tions with an interest in establishing or adopting standards 
for the embryo laboratory” [31]. Thus, the major difference 
between the laboratory standards spelled out in CLIA and 
the FCSRCA is that compliance with CLIA is mandatory 
while FCSRCA is voluntary.

5.3.6  American Society for Reproductive 
Medicine Guidelines

The Practice Committees of the American Society for 
Reproductive Medicine [33] and the Society for Assisted Repro-
ductive Technology (SART) [34] have recently published 
updated and revised guidelines for human embryology and 
andrology laboratories [35]. While completely voluntary, 
these guidelines have become the gold standard for many 
embryology laboratories, and are adhered to by many, if not 
all, active SART clinical programs. Essentially, these 
Guidelines follow the recommendations set down by the 
FCSRCA with a few differences and refinements. First, the 
Guidelines provide more definitive recommendations for 
staffing levels, with the minimum number of embryologists 
set at two, three and four for 1–150, 151–300 and 301–600 
ART cycles per year, respectively (1 additional embryologist 
is recommended per additional 200 cycles above 600). 
Second, while acknowledging that a single director may 
direct as many as five separate laboratories, the Guidelines 
recommend that while the laboratory is actively treating 

patients, the off-site director is required to physically visit the 
laboratory at a frequency of no less that one visit per month. 
Finally, and perhaps the most significant, the Guidelines state 
that with effect from February 1, 2006, all new laboratory 
directors should hold High Complexity Laboratory Director 
(HCLD) or Embryology Laboratory Director (ELD) certifica-
tions from the American Board of Bioanalysis (see Sect. 5.7 
below). Furthermore, the Guidelines strongly encourage all 
laboratory directors, even those “grandfathered,” to seek the 
HCLD or ELD certifications.

5.4  FDA

Oocyte, sperm, and embryo donation in the United States are 
regulated as human cell, tissue, and cellular and tissue-based 
products (HCT/Ps) by the FDA’s Center for Biologics 
Evaluation and Research (CBER) branch under regulation 
21 CFR part 1271. This regulation is comprised of six parts 
(Part A, B, C, D, E, and F) and was implemented in a tired 
fashion between 2001 and 2005. This regulation applies to 
all tissues recovered after May 25, 2005. The goal of 21 CFR 
1271 is to increase protection of public health while, in the words 
of the FDA, “minimizing regulatory burden.” The FDA does 
not regulate oocytes, sperm, and embryos collected prior to 
May 25, 2005.

21 CFR 1271 regulates tissues in addition to oocytes, sperm, 
and embryos. This chapter is concerned solely with the regu-
lation as it relates to oocytes, sperm, and embryos. The reader 
is cautioned that the regulation differs significantly for nonre-
productive tissues types. In addition, situations that may occur 
within infertility facilities but are not typical, such as recovery 
of tissue from donors who are deceased, sick, or who have 
undergone transfusions will not be discussed in this section. 
Finally, due to size constraints this chapter will not fully cover 
every aspect of the regulation. For the full regulation, the reader 
should see 21CFR 1271 regulation in its entirety [36].

21 CFR 1271 regulations, unlike some regulations gov-
erning infertility centers and laboratories, come with stiff 
penalties for noncompliance. The FDA has the authority to 
close donor programs which they feel, do not adequately 
protect public safety. In addition, individuals in violation of 
the regulation may be imprisoned for up to 1 year and fined 
up to $250,000 [37] for noncompliance with the regulation.

5.4.1  General Provisions and Establishment 
Registration

The first tier of the regulation implemented on January 19, 
2001, comprised Subpart A (General Provisions) and Subpart 
B (Procedures for Registration and Listing) [37]. These 
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regulations provided insight into the remainder of the regulation 
scheduled for implementation in the coming years. It pro-
vided a list of definitions many of which were unfamiliar to 
infertility centers, at least in the manner of usage by the 
FDA; it explained what entities are required to comply with 
the regulation and it provided information and instructions 
for registration with the FDA.

In Subpart A, infertility centers across the country learned 
that, in the eyes of the FDA, they were “establishments,” 
and instead of assisting subfertile couples to conceive a 
family, they were “manufacturing” preembryos and embryos. 
In later releases of 21 CFR 1271, infertility centers accepted 
the logic that an embryo was not a single piece to donor 
tissue, but a culmination of donor tissue from two separate 
and distinct donors. A whole new vocabulary emerged in 
infertility centers; couples were to become known as 
Sexually Intimate Partners or “SIPs” for short, and with 
the new terminology a new way of looking at the couple or 
SIP also emerged. SIPs, while exempt for many of the 
requirements of the regulation, are donors in the eyes of 
the FDA. This was a whole new way of viewing the typical 
couple treated by infertility centers.

Facilities are required to register with the FDA if they are 
involved in any step of the manufacture of HCT/P’s regu-
lated solely under section 361 of the PHS Act. Reproductive 
tissues meet regulation criteria for section 361 of the PHS 
Act. Typically, all full service infertility centers are required 
to comply with 21 CFR 1271. However, there are exemp-
tions that may apply to some limited providers of infertility 
treatment. Centers that solely perform intrauterine insemina-
tions (IUIs) or embryo transfers utilizing cryopreserved sam-
ples obtained elsewhere are not required to comply. Likewise, 
surgery centers or physician offices that recover and immedi-
ately relinquish control of the tissue to registered facilities 
for tissue processing and donor eligibility determination 
elsewhere, are not required to register with FDA, but must 
comply with all other parts of the regulation. Finally, although 
it is unlikely such centers exist any longer, centers that per-
form ONLY gamete intrafallopian transfer (GIFT) for SIPs 
are also exempt.

Subpart B outlined registration requirements. Establish-
ments must register with the FDA within five days after  
beginning operation and must update the registration annu-
ally, in December. In addition, registrations must be updated 
in the event of a change of location or ownership with five 
days of the change. The registration must include the estab-
lishment name, address, and the signature of the reporting 
official. It must also include a list of all HCT/Ps that are 
recovered, processed, stored, labeled, packaged, distributed, 
and for which donor screening or donor testing is conduc-
ted. Any time the list of HCT/Ps changes, the establishment 
is required to provide an updated list to FDA. The updated  
list must be provided to FDA in June or December, depen-
ding on which month occurs first, or at the time of the change.

Upon registration acceptance, the FDA will assign each 
facility a permanent registration number. Unlike accrediting 
organizations, the issuance of a registration number does not 
constitute FDA’s approval of the facility, compliance of the 
facility with the regulation, or the approval of the HCT/Ps 
produced by the facility.

5.4.2  Donor Eligibility and Specimen Labeling

Subpart C was implemented on May 25, 2004 [38] and is 
the subpart that has had the greatest affect on reproductive 
facilities. Some of the requirements of this subpart were 
very familiar, at least to the laboratory component of the 
reproductive facility, while others were unfamiliar and 
initially difficult to grasp.

Procedures are required for all facets of the donor eligibility 
determination process including all recovery, processing, 
storage, labeling, packaging, distribution, donor screening, 
and donor testing. These procedures must be reviewed and 
signed by a responsible person prior to implementation 
and they must be kept in an area readily accessible by personnel 
using the procedures. Any departure from the procedure must 
be within the scope of the regulation and must be documented 
at the time of the departure. In addition, a responsible person 
must review all departures prior to a donor eligibility determi-
nation to assure that the departure did not increase the risks of 
communicable disease transmission by the HCT/P.

Records for HCT/Ps must be indelible, legible, and read-
ily available for inspection by the FDA for at least 10 years 
after the HCT/P has been distributed, or disposed. A copy of 
the HCT/Ps summary of records must “accompany” the 
HCT/P throughout the process from recovery to distribution 
or disposal. In the case of anonymous donations, the records 
must include a unique identifier and may not include the 
name or social security of the donor. The accompanying 
records when complete include the donor eligibility determi-
nation and the summary of records used to make the donor 
eligibility determination. The donor eligibility must include 
a statement that the testing was conducted by a laboratory 
certified to perform clinical testing under CLIA; a list and 
interpretation of all tests; the name and address of the FDA 
registered facility; the signature of the person who made the 
determination of eligibility and if the donor is determined to 
be ineligible, a statement noting the reason for the determi-
nation along with all the proper warning labels to be dis-
cussed later in this section.

Prior to donor eligibility determination, all HCT/Ps must 
be held in quarantine. All quarantine HCT/Ps must be stored 
in a location that clearly identifies the HCT/Ps as in quaran-
tine. This may be accomplished in a number of ways 
(e.g., separate incubator shelves clearly marked, separate 
dewer canisters, or even separate cryopreservation tanks). 
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The accompanying records must include a donor identifier 
and state that the donor eligibility has not been determined 
and therefore the HCT/P cannot be transferred until comple-
tion of the donor eligibility determination. An HCT/P in 
quarantine may be shipped to another location as long as the 
accompanying paper work is shipped with the HCT/P.

With the exception of SIP donors, all donors must be 
screened [39] for risk factors, and clinical evidence of relevant 
communicable disease agents or disease. Currently for repro-
ductive tissues, collected as most infertility centers perform 
collections in the US, this list includes:

Human immunodeficiency virus (including HIV group O)• 
Hepatitis B virus• 
Hepatitis C virus• 
Human transmissible spongiform encephalopathy• 

• Treponema pallidum (syphilis)
Disease risks associated with xenotransplantation• 
West Nile virus• 
Sepsis• 
Vaccinia• 

• Chlamydia trachomatis
• Neisseria gonorrhea

Human T-lymphotropic virus (sperm donors only)• 

Testing is required for directed and anonymous oocyte 
donors within 30 days prior to retrieval. Testing for directed 
and anonymous sperm donors is required within 7 days 
before or after collection and again after 6 months storage 
for anonymous sperm donors prior to donor determination. 
Testing must be performed using FDA approved or cleared 
tests and in accordance with the manufacturer’s instructions. 
A list of current FDA acceptable tests may be found on the 
CBER/Tissues web page under the Safety heading of Donor 
Screening Tests [40].

With the exception of SIP donors, all donors must be 
tested for evidence of infection due to relevant communicable 
disease agents. Given the collection techniques used by most 
fertility centers in the US, the current list of FDA required 
tests includes:

HIV type 1 and type 2 or combination (including NAT • 
testing). Testing for HIV type O is optional at this time if 
screening is preformed.
HBV• 
HCV• 

• Treponema pallidum
• Chlamydia trachomatis
• Neisseria gonorrhea

Human T-lymphotropic virus types I and II (sperm donors • 
only)
Cytomegalovirus (sperm donors only)• 

Donors who are determined to be at risk for, or who are 
reactive for a communicable disease are ineligible. Ineligible 
donors may be used for tissue donation in the instance of a 

known or SIP donation. Paperwork for HCT/Ps from 
ineligible donors must contain the biohazard legend and 
contain the warning “WARNING: Advise recipient of com-
municable disease risks” and “WARNING: Reactive test 
results for (name the disease agent or disease).”

As mentioned earlier, sexually intimate partners are 
exempt from the donor eligibility determination require-
ment. However, these HCT/Ps must be labeled “NOT 
EVALUATED FOR INFECTIOUS SUBSTANCES” and 
“WARNING: Advise recipient of communicable disease 
risks.” In addition, even thought a donor eligibility determi-
nation is not required, if it is known that the donor is 
at risk for or is reactive for a communicable disease, the 
HCT/P must be labeled with the biohazard legend and 
“WARNING: Reactive test results for (name the disease 
agent or disease).”

It is not unusual for couples to produce and cryopreserve 
embryos, with the intent to use the embryos, only to later 
decide that they no longer want them. FDA allows the use of 
the embryos as either a known or an anonymous donation. 
The embryos should remain in storage for 6-months. After 
this period, the oocyte and sperm donor (the original SIPs) 
should be screened and tested if possible (although it is not 
required) and a donor eligibility determination completed. 
If the donors in this instance are tested after recovery, but 
prior to transfer, the paperwork for the embryo(s) must be 
labeled “Advise recipient that screening and testing of the 
donors were not performed at the time of cryopreservation of 
the reproductive cells or tissue, but have been performed 
subsequently.” If testing indicated one or both of the donors 
were reactive for a communicable disease agent or disease, 
the paperwork must also be labeled with the biohazard 
legend and “WARNING: Reactive test results for (name the 
disease agent or disease).” If the donors are not able to be 
tested, the FDA allows the use of the HCT/P but the paper-
work must contain the label “WARNING: Advise recipient 
of communicable disease risks” and “NOT EVALUATED 
FOR INFECTIOUS SUBSTANCES.”

5.4.3  Current Good Tissue Practice  
and Inspections

Subparts D, E, and F were implemented from November 24, 
2004, and comprised the current good tissue practice; adverse 
reaction reporting; and inspection and enforcement regula-
tions [41]. Subpart E does not currently apply to reproduc-
tive HCT/Ps; Subpart D has only limited applicability to 
reproductive HCT/Ps while Subpart F fully applies to repro-
ductive HCT/Ps.

Reproductive facilities and those involved in the recovery, 
processing, storage, labeling, packaging, distribution, or who 
perform donor screening or donor testing must meet the 
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manufacturing arrangement requirements of Subpart D 
(21 CFR 1271.150(c)). Each establishment involved in the 
process must assure that other involved establishments com-
ply with all requirements applicable to the manufacturing 
steps under their control. Typically, for infertility centers, an 
example of an entity for which an agreement would be nec-
essary is the testing laboratory that performs their disease 
agent testing. However, depending on the facility, it could 
include other parties such as a donor center that provides 
screening for potential donors. In these instances, the infer-
tility center must assure that the testing center (or donor 
provider, etc.) is compliant with all regulation and if it 
becomes known that they are not compliant, attempt to bring 
them into compliance, or terminate the agreement.

Subpart F outlines the FDA’s right to conduct inspections 
and how these inspections may be conducted; regulations for 
the import of HCT/P’s and orders of retention. FDA investi-
gators may conduct inspections without prior notice and at a 
frequency the FDA chooses. The investigators may observe 
procedures, take samples, and review and copy any required 
records.

In instances in which the FDA determines a facility is not 
in compliance with the regulation to a degree that public 
health or safety may be affected, they may issue a cessation 
of manufacturing order. If specific HCT/Ps are determined to 
be involved, the FDA may issue a recall of all HCT/P not yet 
transferred to a recipient and the retention of these HCT/Ps. 
The FDA has determined it will not issue destruction orders 
for reproductive tissues regardless of the threat the HCT/Ps 
may pose to public health.

5.5  The College of American Pathologists 
Reproductive Laboratory Accreditation 
Program

The College of American Pathologists (CAP) is a private 
organization which has offered inspection and accreditation 
of clinical laboratories in the United States for many years. 
The CAP is one of several private accrediting agencies rec-
ognized by the Federal government as meeting or exceeding 
the standards of CLIA. Thus, laboratories who choose CAP 
as a vehicle for accreditation can meet the standards set 
down by Federal law. As early as 1991, the members of the 
ASRM began collaborations with the CAP toward the devel-
opment of a voluntary accreditation program specific for 
ART laboratories [29]. This collaboration took advantage of 
the ART expertise of the ASRM along with the years of 
experience of CAP in performing on-site inspections and 
accreditation of clinical laboratories. Out of this collabora-
tion developed the Reproductive Laboratory Accreditation 

Program (RLAP). The RLAP also provides a mechanism 
by which the individual States could, on a voluntary basis, 
implement the model certification program prescribed by 
FCSRCA [31].

5.5.1  Performance Standards and Checklist

By using an extensive checklist, the RLAP inspects and 
subsequently accredits ART laboratories through a process 
involving on-site inspectors who evaluate the laboratory 
in the areas of test methodologies, reagents, control media, 
equipment, specimen handling, procedure manuals, test 
reporting, record keeping, PT, personnel qualifications, 
facilities, safety and overall laboratory management. Failure 
to meet the criteria described in the checklist results in a 
deficiency, and the laboratory is provided with an opportunity 
to document corrective actions to address these deficiencies. 
Accreditation is granted by CAP when the laboratory has 
documented correction of all deficiencies and has responded 
to all of the recommendations of the CAP.

5.5.2  Inspections and Accreditation

Inspectors are assigned by one of several regional commis-
sioners. Inspections are performed by a peer process. The 
inspectors, recognized experts in the areas of embryology 
and andrology and typically practicing laboratory directors 
and supervisors, are not employed by CAP, and volunteer 
their services for this purpose. The CAP is “deemed” by 
CLIA as an approved accrediting agency, which is to say that 
the criteria by which CAP uses to accredit laboratories is at 
least as strict as the standards set down in CLIA. ART labo-
ratories opting to use CAP as its accrediting agency meet the 
Federal mandatory oversight requirement for the andrology 
laboratory, as well as voluntary oversight of the embryology 
laboratory. Currently, SART requires the ART laboratories 
associated with its member clinics to become accredited as a 
contingency of membership. The CAP/ASRM and JCAHO 
are two private accrediting agencies recognized by SART as 
meeting this membership requirement. This has had a posi-
tive effect regarding oversight of ART laboratories in the 
United States, resulting in a large increase in ART laborato-
ries seeking accreditation. However, although the majority of 
ART programs in the United States are currently members of 
SART, the absolute number of centers offering ART services 
to patients in this country is unknown because registering 
ART clinics is not required and membership in SART is 
voluntary.
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5.6  The Joint Commission Accreditation 
Program for Assisted Reproductive 
Technology Laboratories

The Joint Commission (formerly the Joint Commission on 
Accreditation of Healthcare Organizations) has been evalu-
ating and accrediting hospital laboratory services since 1979 
and freestanding laboratories since 1995 [42]. Today, the 
Joint Commission accredits almost 2,000 organizations 
providing laboratory services. This represents almost 3,200 
CLIA-certified laboratories, including freestanding lab-
oratories, such as reference labs and ART labs, and those 
connected with other health care organizations such as 
ambulatory surgical centers and long term care facilities. The 
Joint Commission, like CAP, is recognized by the federal 
government as meeting or exceeding the CIIA standards.

There are many similarities between the CAP and JCAHO 
system of accreditation [2]. They both emphasize profes-
sional review for compliance with established performance 
standards and, through education, seek to improve overall 
patient care and safety within the laboratory setting. However, 
there are slight differences in the way the two organizations 
accomplish their goals. The JCAHO uses full-time paid 
inspectors (“surveyors”) for the inspection process instead of 
professional peers from within the same field, as does CAP. 
The reasoning behind this from JCAHO’s prospective is that 
a professional inspector adds consistency to the inspection 
process. Like CAP, the JCAHO uses a list of questions to aid 
the inspector in determining whether a particular laboratory 
has met all of the requirements. However, unlike CAP where 
each question will result in an all or none response (i.e., a 
deficiency or no deficiency), the JCAHO system may use 
several questions to determine the final score in a section.

5.6.1  Standards

The Joint Commission survey of laboratories is conducted 
using the Comprehensive Accreditation Manual for 
Laboratory and Point-of-Care Testing (CAMLAB) [42]. 
The standards emphasize the results a laboratory should 
achieve, instead of the specific methods of compliance, and 
were developed with input from professional laboratory 
organizations. In compliance with CLIA regulations, Joint 
Commission standards address processes that follow labora-
tory specimens through the laboratory from specimen collec-
tion to result reporting focusing on the provision of high 
quality, safe laboratory services. These standards highlight 
the essential nature of laboratory services on the actual care 
and service delivery processes that contribute to and support 
the overall health care delivery system.

5.6.2  Survey Process

Joint Commission accreditation process emphasizes the 
laboratory’s operational systems that are critical to the safety 
and quality of patient care. The objective of the survey is not 
only to evaluate the laboratory, but to provide education and 
“good practice” guidance that will help staff continually 
improve the laboratory’s performance. In 2004, the Joint 
Commission initiated a new survey process which focused 
the surveyor on evaluating actual service processes by 
tracing patients through the care, treatment and services they 
received [42]. In addition to these patient “tracers,” surveyors 
conduct systems tracers to analyze key operational systems 
that directly impact the quality and safety of patient care. 
Through the Priority Focus Process, surveyors use presurvey 
information to conduct a more organization-specific and 
consistent survey. The new process has shifted the emphasis 
from “survey preparation” to more “continuous improvement” 
of the laboratory’s operational systems that contribute directly 
to improved delivery of safe, quality care and reduction in 
medical errors.

Joint Commission surveyors use scoring guidelines to 
assist them in making judgments about standards compli-
ance in specific performance areas. Following the on-site 
survey, the organization receives an accreditation report 
that outlines the survey findings and any requirements 
for improvement, supplemental findings and organizational 
strengths. Before it can be accredited, the laboratory must 
address all requirements for improvement by submitting 
evidence of standards compliance.

5.7  Laboratory Personnel Certification

CLIA requires that all laboratory directors, with some excep-
tions, be certified by a national certifying board. At present, 
there are eight approved certification boards for clinical con-
sultants and directors of high complexity testing in the United 
States, and these are the: American Board of Medical 
Microbiology [43], American Board of Clinical Chemistry 
[44], American Board of Medical Laboratory Immunology 
[43], American Board of Bioanalysis (ABB) [45], American 
Board of Medical Genetics [46], American Board of 
Histocompatibility and Immunogenetics [47], American 
Board of Forensic Toxicology [48], and the National Registry 
of Certified Chemists [49]. Currently, the ABB is the only 
approved board offering certifications in the specialties of 
andrology and embryology.

The ABB evaluates, through the certification process, 
individuals who wish to enter, continue or advance in the 
clinical laboratory profession [45]. ABB identifies, on a non 
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discriminatory basis, individuals who meet ABB’s requirements 
for clinical laboratory directors, consultants, and supervisors. 
ABB certification is done on the basis of an individual’s 
education, experience, and knowledge of the laboratory field 
in which certification is granted.

In 1968, the American Board of Bioanalysis was estab-
lished by the American Association of Bioanalysts (AAB) 
[15] in response to the passage of the Medicare regulations 
(1966) and the original Clinical Laboratories Improvement 
Act of 1967 (CLIA ’67), which defined the qualifications for 
a laboratory director. In 1972, ABB’s certification program 
was expanded to include supervisors, in 1982 to include 
managers (subsequently discontinued in July 1, 2005), and in 
1993 to include clinical consultants. The 1974 Medicare 
regulations for independent laboratories recognized ABB as a 
certifying agency. At that time, ABB revised its standards for 
director certification, creating three levels: Bioanalyst Clinical 
Laboratory Director (BCLD), Clinical Laboratory Director 
(CLD), and Bioanalyst Laboratory Director (BLD). With the 
advent of the CLIA regulations first promulgated in 1988, 
ABB again revised its certification standards and classifi-
cations. Currently, ABB certifies directors in the following two 
categories: Bioanalyst Clinical Laboratory Director (BCLD) 
and High-complexity Clinical Laboratory Director (HCLD). 
The regulations implementing the Clinical Laboratory 
Improvement Amendments of 1988 [4, 5] also recognize 
ABB as a certifying agency for laboratory directors and clinical 
consultants. In addition, most state laboratory regulatory pro-
grams recognize ABB’s director certification.

In 2002, ABB added a certification category for Embryo-
logy Laboratory Directors (ELDs). The ELD certification 
resembles the director qualifications contained in the mini-
mum standards for assisted reproductive technologies of the 
ASRM’s Practice Committee [35] and the CDC’s model 
program for the certification of embryology laboratories 
under the FCSRCA [6, 31]. It is important to note, however, 
that individuals who are certified as an ELD at present 
may or may not meet CLIA requirements since embryology 
laboratories per se are not recognized by CLIA.

5.8  Laboratory and Clinic Data Reporting 
Systems

In 1988, SART began publishing annual reports of ART 
activities, termed the National IVF/ET Registry [50]. The 
Secretary of DHHS charged the Centers for Disease Control 
(CDC) with the responsibility for collecting, analyzing and 
reporting pregnancy data through the FCSRCA [6, 31]. The 
CDC initially contracted with SART to use the registry sys-
tem that they had in place to voluntarily collect clinic-specific 
pregnancy data from member clinics. With the passage of the 

FCSRCA [6, 31], SART’s voluntary registry system became 
mandated by law. Currently, in the United States, all clinics 
performing ART procedures are required to submit their 
clinic-specific pregnancy data to SART for subsequent report-
ing to the CDC.

SART initially published the results from the Registry 
survey representing ART procedures performed from 1985 
to 1994 [50–58], and the CDC began publishing surveillance 
reports on the basis of this information in 1997, representing 
ART cycles performed in 1995 [59]. SART, in cooperation 
with the CDC, has continued to publish the results of this 
survey, representing ART cycles performed from 1985 to 
2005 [50–58, 60–66]. These survey results show a (not sur-
prising) dramatic increase in the number of ART cycles from 
3,921 cycles performed by 30 clinics in 1985 to 134,260 
cycles performed by 422 clinics in 2005 (Table 5.1) [50–58, 
60–66]. Concomitant with the increase in cycles, the number 
of live deliveries associated with ART procedures has also 
increased from 260 to 38,910 in this same time period 
(Table 5.1).

Canadian ART centers reported their data in conjunction 
with the SART database in 1991–1995. The Canadian 
Assisted Reproductive Technologies Register (CARTR) was 
first established in 1999 for the collection of treatment cycles 
from Canadian ART centers [67]. The first report from this 
registry presented data from the calendar year 2001 [68], and 
reports from calendar years 2002 [67] and 2003 [69] have 
also been published. In the latest report, CARTR published 
results from 24 ART centers performing 10,656 total cycles, 
and resulting in 3,107 infants born.

The SART/CDC ART data registry is perhaps the most 
comprehensive, but not the only system in the world for 
reporting results of ART programs. Several other countries 
have implemented various forms of reporting systems. 
Australia and New Zealand report their ART data through 
the Australian Institute of Health and Welfare Perinatal 
Statistics Unit [70]. In 2002, the Australian and New 
Zealand Assisted Reproduction Database (ANZARD) was 
introduced as a means of collecting and reporting data 
from all fertility centers operating in Australia and New 
Zealand. Comprehensive data are available for 1991–2005 
(Table 5.2), and show a similar increase in ART activity 
[71–81].

In 1999, the European Society for Human Reproduction 
and Embryology (ESHRE) invited representatives from all 
European national ART data registers to a joint effort to 
establish an ART data collection program for Europe, termed 
the European IVF-monitoring programme (EIM) [82]. The 
EIM first reported ART data collected from the year 1997 
and included information on more than 200,000 cycles from 
482 clinics and 18 countries (Table 5.3). The number of clin-
ics and countries participating steadily increased over the 
next 6 years [82–88] with data obtained from the year 2003 



675 Reproductive Laboratory Regulations, Certifications and Reporting Systems

Table 5.1 Report of clinics participating in the ASRM/SART ART Registrya

Year Number of clinics Number of cycles Number of retrievals Number of deliveries

1985 30 3,921 2,941 260
1986 41 4,867 3,504 381
1987 96 14,647 10,818 1,858
1988 135 22,649 17,753 2,627
1989 163 24,183 20,404 3,472
1990 180 25,744 22,077 3,951
1991 212 33,001 28,410 5,699
1992 249 37,955 33,237 7,355
1993 267 43,975 35,570 8,741
1994 249 42,509 29,729 9,573
1995 281 59,142 39,756 11,631
1996 300 65,863 42,594 14,702
1997 335 73,069 47,385 17,311
1998 360 81,899 53,578 20,241
1999 360 88,077 57,298 21,904
2000 383 99,989 72,096 25,394
2001 385 108,130 77,911 29,585
2002 391 115,392 83,166 33,141
2003 399 122,872 88,874 35,785
2004 411 127,977 92,064 36,760
2005 422 134,260 NA 38,910
aData obtained from assisted reproductive technology (ART) clinics in the United States (1985–2005) and Canada (1991–1995). See text for 
references

Table 5.2 ART data reported from centers in Australia and New Zealanda

Year Number of clinics Number of cycles Number of live births

1991 NA 16,809 NA
1992 27 17,874 2,344
1993 28 18,765 2,484
1994 28 20,706 2,875
1995 29 22,303 3,095
1996 33 24,121 3,418
1997 35 25,766 3,732
1998 NA NA 4,182
1999 38 26,579 4,740
2000 41 27,067 5,275
2001 45 28,797 NA
2002 58 36,483 6,816
2003 64 39,720 7,479
2004 66 41,904 7,913
2005 74 47,459 NA
aData obtained from assisted reproductive technology (ART) clinics in Australia and New Zealand as reported to the Australian Institute of Health 
and Welfare, National Perinatal Statistics Unit. NA data not available. See text for references

Table 5.3 Report of European ART clinics participating in the EIM Monitoring Program for ESHREa

Year Number of clinics Number of countries Number of cycles

1997 482 18 203,893
1998 521 18 232,443
1999 538 22 258,460
2000 569 22 279,267
2001 579 23 289,690
2002 631 25 324,238
2003 725 28 365,103
aData obtained from assisted reproductive technology (ART) clinics in the Europe participating in the European IVF-monitoring system for the European 
Society of Human Reproduction and Embryology (ESHRE). See text for references
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representing 725 clinics from 28 countries and more than 
365,000 cycles (Table 5.3).

Lastly, an attempt at collecting ART statistics from across 
the world has been reported through the International 
Committee for Monitoring Assisted Reproductive Technology 
(ICMART), and the first world report has been published 
[89]. Data were collected form a total of 1,429 clinics in 49 
countries, representing more than 475,044 ART procedures. 
This report provides the most comprehensive perspective on 
the practice of ART in the world in 2000 and allows for some 
general international comparisons [89].
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Abstract The fertility field has had its challenges with 
regard to state and federal regulations over the past 20 years. 
In 2005, ART programs were faced with a new regula-
tory challenge – the Food and Drug Administration. The 
ruling entitled “21 CFR Part 1271 Human Cells, Tissues, 
and Cellular and Tissue-Based Products” regulates non-
vascularized human tissues including reproductive tissues 
and touches on donor and non-donor tissues affecting the 
clinical, as well as the laboratory areas of an ART pro-
gram. This chapter examines the history of ART regulation, 
defines the scope of what is regulated for ART programs, 
and describes the most important aspects of the ruling that 
medical and laboratory directors need to know for compli-
ance. In addition, practical “field-tested” information from 
a fertility perspective is given on how to develop and main-
tain a compliance program specifically focused on dealing 
with the 21 CFR Part 1271 ruling. Finally, case examples 
from real donor situations are described in order to test the 
reader’s knowledge and comprehension of the regulations as 
applied to an ART program.

Keywords Fertility • Reproductive tissue • FDA regulations 
• 21 CFR Part 1271 • Donor eligibility determination • 
Current Good Tissue Practice • Relevant communicable 
disease • Human Cells Tissues and Cellular and Tissue Based 
Products (HCT/Ps)

6.1  Introduction

6.1.1  History of 21 CFR Part 1271

The fertility field has, for many years, been the focus of pub-
lic debate. As with many debates, the fertility field eventu-
ally came under the regulatory spotlight in the early 1990s 

[1] such that now, Assisted Reproductive Technology (ART) 
programs must do their best to become compliant with what 
have become commonly known in the field as the “FDA 
regulations” – referring to the 21 CFR Part 1271 ruling 
[2–11]. Contrary to popular thought, the fertility field is 
not a stranger to regulations from governmental agencies. 
Like many physicians’ practices, embryology laboratories 
had to comply with the Clinical Laboratory Improvement 
Amendments of 1988 when implemented in 1992 [12, 13]. 
However, unlike other medical practices, fertility clinics 
were also faced with the “Implementation of the Fertility 
Clinic Success Rate and Certification Act of 1992: A Model 
Program for the Certification of Embryo Laboratories” as 
administered by the Department of Health and Human 
Services through the Centers for Disease Control and 
Prevention [14]. This continued for approximately 10 years 
until the first portions of 21 CFR Part 1271 were published, 
which added another regulatory concern and changed the 
regulatory landscape for reproductive tissue.

Many believe that the impetus for regulating donor 
tissue began with “the LifeNet incident” of 1985 [1]. LifeNet 
Transplant Services, a tissue procurement agency, had 
procured 61 organs and tissue grafts from a donor who 
had originally tested HIV-negative twice in 1985, and these had 
been transplanted into various recipients. It was only after-
wards, during a retrospective analysis performed in 1991 
using better testing methodologies, that it was discovered 
that the donor tested positive for HIV. After this finding, 
although the bank initiated the search for the tissue recipients, 
only 34 out of the 40 recipients were identified and located 
because hospitals and physicians had poor recordkeeping 
practices. Seven had contracted AIDS and three had died.

Reproductive tissue came into the spotlight in the context 
of communicable disease during congressional testimony by 
New York state officials in 1993 [1]. These officials testified 
that before 1989, when New York state instituted stricter 
sperm bank standards, a good portion of New York’s sperm 
banks (1) utilized semen from untested donors, (2) were 
located out of physician’s offices, and (3) had personnel that 
lacked the necessary screening and testing expertise for 
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sperm donors. Furthermore, the owners of two sperm banks 
were leading their clients to believe that their banks had 
released semen from more than a dozen donors, when actu-
ally it was sperm from themselves.

As a result, the FDA published interim regulations in 
1993 that placed most banked human tissue, except for repro-
ductive tissue, under the same controls and communicable 
disease testing as blood banks. In response, the American 
Society of Reproductive Medicine (ASRM) and the American 
Association of Tissue Banks (AATB) established guidelines 
for anonymous donor sperm banking practices in an effort to 
encourage self-regulatory practices [15]. Reproductive tissue 
was initially exempt from the interim rules set forth in 1993. 
However, this did not last. The first FDA documents to 
address reproductive tissue were published about 10 years 
later. The FDA continues to release publications concerning 
reproductive tissue and is likely to continue to do so.

Many ART programs have expressed concern and dis-
pleasure regarding these regulations. They have questioned 
whether a public health issue exists with regard to the possi-
bility of passing on communicable disease through repro-
ductive tissues, especially embryos. Currently, no published 
documentation exists to indicate that embryos created 
through ART procedures could have the potential to pass on 
communicable disease. Despite these concerns, the fact 
remains that the FDA has both the mandate and the authority 
to take action if it deems it necessary. ART programs must 
take the regulations seriously and are required to comply. 
Moreover, the FDA has little tolerance for willful 
noncompliance.

6.1.2  Scope of the Regulations for ART 
Programs

For any industry that is newly regulated by a governmental 
agency, it is usually a challenge to ensure that the field being 
regulated and the agency enacting the regulations understand 
each other. Misunderstandings may often occur. Each entity 
may have a different definition, or alternative interpretations 
of the same term, or even be unaware of definitions used by 
the other. As a result, in order to understand the regulations 
and to become and remain FDA compliant, it is essential that 
a regulated establishment understand the basic document 
structures that the FDA uses to communicate its intentions 
to industry.

There are two basic types of documentation: “rulings” 
and “guidances”. An FDA “ruling” is a set of obligations 
published in the Federal Register that outlines specific, 
legally-enforceable rules with regard to a particular set of 
operations within an industry or field. These rulings are also 
known as “regulations.” An FDA “guidance”, on the other 

hand, is the FDA’s current thinking on a particular topic that 
usually relates directly to a ruling or to a part of a ruling. 
A “guidance” is used to assist a field or industry in develop-
ing measures to comply with a specific ruling. Although the 
FDA states that a guidance is a recommendation and is not 
legally enforceable, it is essential to remember that if an 
establishment chooses not to follow the recommendations in 
the guidance, it must first obtain FDA approval for its alter-
native approach. Otherwise, the guidance recommendations 
must be followed.

Moreover, there are many times that the FDA will publish 
more than one guidance for a particular ruling – either during 
the initial implementation phase of compliance measures by 
an industry, or as an addition or a change to the FDA’s 
current thinking. The guidance document is the primary 
method that the FDA uses to communicate its interpretation 
of the ruling to the regulated field or industry. It is important, 
therefore, for an establishment to monitor the publication of 
relevant FDA documents closely to ensure that it employs 
the most recent compliance measures.

The challenge of dealing with multiple, and sometimes 
confusing, ruling documents also pertains to 21 CFR Part 
1271 for which ruling documents and guidances have been 
published since its inception. Table 6.1 lists the different 
ruling documents and guidances that are essential for ART 
programs and the dates they were published.

Finally, it is crucial for ART programs to know the scope 
of the regulations as not all of 21 CFR Part 1271 is applicable 
to reproductive tissue at this point. The following portions of 
the regulation apply to ART programs:

All of Subpart A – General Provisions• 
All of Subpart B – Registration & Listing• 
All of Subpart C – Donor Eligibility• 
Two subsections of Subpart D – Good Tissue Practices• 
§1271.150(c) – Manufacturing Arrangements• 
§1271.155 – Exemptions & Alternatives• 
Subpart F – Inspection & Enforcement• 

Note that ART programs are exempt from the rest of 
Subpart D (except for the two subsections just listed) 
[1271.150(c)(3)] and all of Subpart E [1271.330], but this 
exemption may change. The FDA has indicated that these 
exemptions for ART programs are only temporary. Also note 
that for the purposes of this chapter, any reference to specific 
sections of 21 CFR Part 1271 will be given in brackets with 
the appropriate subsection listed – i.e., [1271.75(a)(1)(i)].

Finally, it must be emphasized that the regulations affecting 
ART Programs took effect as of May 25, 2005. This means 
that the FDA expects that ART programs were compliant 
with the regulations as of May 25, 2005. As per the writing 
of this chapter, which is several years into the life of the 
regulation, ART programs are expected to have had ample 
opportunity to become compliant.
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6.2  Overview of the 21 CFR part 1271 
Regulations

The regulations governing donor eligibility for ART programs 
exist in three different sections: Registrations Final Rule 
[2–6]; Donor Eligibility Final rule [7–9, 11]; and Current 
Good Tissue Practices [7, 10, 11]. Furthermore, there are six 
subparts lettered A through F. While each subpart has a 
different purpose, all of them must be taken together to 
understand how they interact with one another.

Constant vigilance over developments in guidance and rul-
ing documents published by the FDA is not only a good idea, 
but it is also essential for ART programs to remain compliant. 
Simply put, for 21 CFR Part 1271, there is no steady state. 
Information on this regulation – FDA interpretations, current 
FDA inspection emphasis – has changed on a fairly consistent 
basis. Moreover, ART programs must monitor changes through 
professional publications and industry meetings to ensure that 
their own compliance status is as up to date as possible.

Finally, it must be emphasized that for every section of 
the regulations that apply, it is essential that an ART program 
has formal, approved, detailed, written policies, and proce-
dures. The lack of clearly written policies and procedures 
that have been approved by a “Responsible Person” will 

automatically put an ART program at risk for violations 
during an FDA inspection. As one ART program laboratory 
director so aptly put it: “If you stand on your head while 
administering the screening questionnaire, then you must 
write it in your procedure!”

6.2.1  Registrations Final Rule

6.2.1.1  Subpart A: General Provisions. 
Sections 1271.1, 1271.3, 1271.10, 1271.15, 
1271.20

Subpart A discusses general information regarding the 
regulations. The purpose and scope of the regulations are 
stated [1271.1] and important terms defined by the FDA 
[1271.3]. This section also discusses the conditions under 
which certain HCT/Ps are regulated in Section 361 of the 
Public Health Service (PHS) Act and 21 CFR Part 1271 
[1271.10], and the exceptions to the requirements and who 
qualifies for these exceptions [1271.15]. Section 1271.20 
discusses which regulations apply in the event that the cri-
teria outlined in 1271.10 are not met, but the HCT/Ps in 
question do not qualify for any exceptions in 1271.15.

Table 6.1 Ruling and guidance documents important for ART programs

Type of document Title Date published

Federal Register publication Human cells, tissues, and cellular and tissue-based products; CFR correction to 1271.22 [6] 1/18/08
Guidance for Industry Regulation of human cells, tissues, and cellular and tissue-based products (HCT/Ps) – small 

entity compliance guide [35]
8/24/07

Guidance for Industry Eligibility determination for donors of human cells, tissues, and cellular and tissue-based 
products [16]

8/8/07

Federal Register publication Human cells, tissues, and cellular and tissue-based products; donor screening and testing, and 
related labeling; final rule [11]

6/19/07

Guidance for Industry Certain human cells, tissues, and cellular and tissue-based products (HCT/Ps) recovered from 
donors who were tested for communicable diseases using pooled specimens or diagnostic 
tests [29]

1/23/07

Guidance for Industry Compliance with 21 CFR Part 1271.150(c)(1) – manufacturing arrangements [25] 9/8/06
Federal Register publication Eligibility determination for donors of human cells, tissues, and cellular and tissue-based 

products; correction [8]
3/24/06

Federal Register publication Human cells, tissues, and cellular and tissue-based products; donor screening and testing, and 
related labeling; interim final rule; opportunity for public comment [7]

5/25/05

Federal Register publication Current good tissue practice for human cell, tissue, and cellular and tissue-based product 
establishments; inspection and enforcement; final rule [10]

11/24/04

Federal Register publication Eligibility determination for donors of human cells, tissues, and cellular and tissue-based 
products; final rule and notice [9]

5/25/04

Federal Register publication Human cells, tissues, and cellular and tissue-based products; establishment registration  
and listing; interim final rule; correction [5]

2/4/04

Federal Register publication Human cells, tissues, and cellular and tissue-based products; establishment registration  
and listing; interim final rule; opportunity for public comment [3]

1/27/04

Federal Register publication Human cells, tissues, and cellular and tissue-based products; establishment registration  
and listing; final rule; delay of effective date [2]

1/21/03

Federal Register publication Human cells, tissues, and cellular and tissue-based products; establishment registration  
and listing; final rule [4]

1/19/01
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In general, all ART programs performing in vitro 
fertilization techniques are subject to the regulations and 
must be registered with the FDA. Additionally, commercial 
sperm banks, egg banks, clinical testing laboratories, and 
long-term cryostorage facilities that store reproductive tissue 
for release to other establishments are also subject to the 
regulations and must be registered. The definitions section, 
1271.3, is particularly important for ART programs to incor-
porate, since (1) this is the terminology the FDA uses with 
regards to HCT/Ps during inspections, and (2) the definitions 
used may or may not be consistent with the same terms 
generally accepted by the fertility field. Other important 
terms that are crucial to know: “Manufacture”, “Directed 
reproductive donor”, “Donor medical history interview”, 
“Quarantine”, “Relevant communicable disease agent or 
disease”, “Relevant medical records”, “Distribution”, “HCT/P 
deviation”, and “Processing”. It is initially apparent that 
terms such as “Manufacture” and “Processing” do not appear 
to apply to ART program practices. ART programs do not 
“Manufacture” anything per se and “Processing” would not 
necessarily be the term a clinician or embryologist would use 
when culturing embryos. However, this is the terminology 
the FDA stipulates for these regulations and it is the respon-
sibility of ART programs to know this in order to interpret 
the regulations correctly. Finally, it is important to note that 
the only OBGYN practices required to register with the FDA 
are those practices that perform donor inseminations from 
sperm whose donor eligibility determination was NOT 
performed by an FDA registered and compliant facility.

Important Guidance(s) Information for this Section

Currently, there is one guidance published that is important 
for this Subpart: “Guidance for Industry: Regulation of 
Human Cells, Tissues, and Cellular and Tissue-Based 
Products (HCT/Ps)” (“DED Guidance”) [16]. The most 
important information in this guidance concerns the scope of 
the regulation for ART programs and what applied before 
and after May 25, 2005.

6.2.1.2  Subpart B: Procedures for Registration and 
Listing. Sections 1271.21, 1271.22, 1271.25, 
1271.26, 1271.27, 1271.37

This subpart more specifically addresses the actual registration 
and HCT/P listing requirements. It discusses when registra-
tion and registration updates must occur [1271.21], where 
and how to register (including the different methods of 
registration) [1271.22, 1271.26], what information must be 
provided [1271.25], how the FDA identifies a tissue estab-
lishment in their system [1271.27] and how to obtain 

registration and listing information on a particular tissue 
establishment [1271.37].

ART programs must register and provide a list of HCT/Ps 
manufactured within 5 days after donor program procedures 
have begun and must be renewed annually every December 
by the establishment. The renewal is not automatically per-
formed by the FDA. Any change in information, i.e., a change 
in office location, must be updated with the FDA either at the 
time the change occurred or the following June or December; 
whichever arrives first. Registration may be accomplished 
either by fax, e-mail, or on the internet and must use Form 
FDA 3356. The registration must include: (1) the legal 
contact name and location information (including multiple 
locations if applicable), (2) name, contact information, 
job title, and dated signature of the person responsible for 
registering the establishment, (3) all HCT/Ps that are “manu-
factured” currently by the FDA’s definition [1271.3(e)], and 
(4) indications of any changes compared to the last registra-
tion – including HCT/Ps handled. After submission, the 
FDA then assigns a registration number called the “Federal 
Establishment Identifier” (FEI) number that distinguishes 
the establishment. ART program registrations are publicly 
available over the internet, and copies of FDA Form 3356 are 
available on the FDA’s website.

6.2.2  Donor Eligibility Final Rule

6.2.2.1  Subpart C: Donor Eligibility. Sections 1271.45, 
1271.47, 1271.50, 1271.55, 1271.60, 1271.65, 
1271.75, 1271.80, 1271.85, 1271.90

This subpart delves into the complex process of donor 
eligibility, introducing the concept of a “donor eligibility 
determination” along with the screening/testing and docu-
mentation requirements that ensue. It states requirements for 
establishing policies and procedures for donor eligibility 
[1271.45, 1271.47], how donors are to be screened and tested 
[1271.75, 1271.80, 1271.85], how to determine a donor’s 
eligibility [1271.50], and how quarantine, labeling, storage, 
shipping/receiving and non-clinical uses of tissues should be 
handled [1271.60, 1271.65, 1271.90]. Recordkeeping 
requirements [1271.55] and exemptions from donor eligibility 
requirements [1271.90] are also noted. For ART programs, 
this subpart has perhaps the greatest affect on day to day 
operations due to the current scope of 21 CFR Part 1271. 
Therefore, for most ART programs, this section will have the 
most associated policies and procedures.

To address this section in the most logical fashion for 
compliance, it has been divided into the following sections: 
Donor Program Offerings, Donor Screening, Donor  
Testing, Donor Eligibility Determination, Records and 
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Recordkeeping, Laboratory section: Labeling, Quarantine, 
Storage, Shipping/Receipt & Non-Clinical Uses, and 
Departures from Procedures & Deviations.

Important Guidance(s) Information for this Section

Several guidances essential to understanding donor eligi-• 
bility compliance will be discussed and referred to when 
the corresponding information is discussed. The most 
current relevant guidances can be found in Table 6.1.

Donor Program Offerings

When approaching these regulations to determine what an 
ART program needs to do in order to become compliant, one 
of the first questions to consider is “What donor programs 
will be offered?” The answer to this question will determine 
the scope of which written policies and procedures are 
needed. Most programs offer some form of oocyte and sperm 
donation; however, not all programs offer embryo donation, 
traditional surrogacy, or a gestational carrier program.

Most ART programs currently outsource some portion of the 
donor eligibility process to other establishments such as: com-
mercial sperm banks, egg donor agencies, embryo donation 
agencies, or gestational carrier agencies. Some of these agencies 
may currently be required to register with the FDA and establish 
compliance; some may not. Knowing which agencies are regis-
tered and FDA compliant is essential for an ART program’s 
compliance under 1271.150(c) (see Subpart D).

Donor Screening [1271.75]

The FDA requires that any reproductive tissue donor be 
screened for relevant communicable disease agents and 
diseases (RCDADs) as defined in 1271.3(r) and in the DED 
Guidance [16]. The current list of RCDADs for reproductive 
tissue screening is listed in Table 6.2.

Definition of terms is critically important. In discussions 
of donor screening, the terms “screening” and “testing” are 
commonly used interchangeably. It is important to note that 
the FDA does not use these terms interchangeably. For 
example, the phrase “screening test” has been commonly 
used to refer to the actual FDA licensed and approved (or 
cleared) test for “donor screening”. This can be a source of 
confusion, because the FDA views “donor screening” and 
“donor testing” as two separate processes of performing a 
donor eligibility determination [(1271.3(e)]. To clarify this 
issue, we will discuss the usage of these two separate terms.

“Donor screening” involves the review of donor medical 
records for: (1) “Risk factors for, and clinical evidence of, 

relevant communicable disease agents and diseases” and (2) 
“Communicable disease risks associated with xenotrans-
plantation” [1271.75(a)]. The DED Guidance describes in 
great detail how to screen a donor for RCDADs. From a 
practical standpoint for this ruling, donor screening means: 
(1) administration and review of a donor medical history 
questionnaire, (2) performing and/or review of a recent donor 
physical assessment, and (3) reviewing past relevant donor 
medical records if available. “Donor testing” is the process 
by which blood or other physical samples are taken from a 
potential donor and tested. The tests are those which are indi-
cated for “donor screening” and which have been FDA-
licensed and approved, or cleared, if approved tests are not 
available.

The donor situation under consideration is important for 
determining whether the donor needs to be screened. All anon-
ymous and directed (or known) donors of reproductive tissue 
are required to undergo screening except for a sexually intimate 
partner (SIP) of the recipient. Special attention should be paid 
to “Directed reproductive donor” [(1271.3(l)] situations, since 
an ART program has the responsibility to evaluate whether the 
donation relationship meets the definition, intent, and spirit of 
the FDA regulations and those of the ART program itself. The 
challenge for an ART program with this definition is to define 
appropriately what it considers to be “known”, since this is not 
defined by the FDA and because it is inherently important to 
characterizing the donor/recipient relationship. Most impor-
tantly, regardless of whether the donor situation is anonymous 
or directed, the donor must be screened. From the FDA stand-
point, the distinction between an anonymous and directed 
donor only matters when a donor is determined ineligible (see 
“Donor Eligibility Determination”).

A full donor screen must be completed for every donor 
within six months before the donation. The screen must 
include a donor medical history, a donor physical and a clinical 
evidence review of relevant and available donor medical 
records. If a donor repeats a donation within that 6 month 
period, the ART program is allowed to perform an abbreviated 
screen that should include updates to the donor’s medical 
history and a documented reminder to the donor of the risks 
that could make the donor ineligible. Note that any informa-
tion regarding the screening process must be documented 
appropriately throughout and that policies and procedures 
exist describing these processes.

A donor medical history must at least include a series of 
questions administered to or reviewed with the donor through 
a live interaction. These questions are very detailed, contain 
specific time elements, and require a thorough understanding 
by both the donor and the person administering the questions 
of what the questions mean. The questions must adequately 
screen for risk factors for, or clinical evidence of RCDADs. 
The DED Guidance has a complete list of risk factors and 
conditions that must be considered in accordance with 
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1271.75 [17]. Most ART programs have additional screening 
questions that go beyond the scope of the FDA ruling. In 
particular, these include questions about personal history, 
family history (including genetic background), physical/
mental attributes, and occupation. It is important to note that 
these questions required de facto by the ART program must 
be accounted for in the policies and procedures.

A donor physical must also be performed every six months. 
However, an ART program may depend on a donor exam 
report generated by another health care professional as long 
as (1) the clinician performing the physical is trained and 
qualified to do so, and (2) the ART program is assured that the 
donor has been screened appropriately. To adequately screen 
for physical evidence of relevant communicable diseases, 
ART programs should follow the physical parameters listed 
in the DED Guidance [18]. Once again, as with the medical 
history, proper documentation is absolutely essential.

The final part of the screening process involves a review 
of relevant donor medical records for clinical evidence of or 
high-risk behaviors associated with RCDADs. This process 
requires obtaining any previous relevant donor medical 

records and looking for specific groups of symptoms or 
conditions previously recorded in the donor’s records 
that could indicate the presence of any of the RCDADs. 
The DED Guidance provides examples of clinical evidence 
of relevant communicable disease for HIV, Hepatitis, 
Syphilis, Chlamydia trachomatis, Neisseria gonorrhea, 
Vaccinia (smallpox vaccination), West Nile Virus, Sepsis, 
and HTLV [19]. All of these diseases are important for a 
clinical evidence review. However, since ART programs 
work with living donors, the DED Guidance states that “… if 
a living donor appears healthy, the donor usually does not 
have to be evaluated for sepsis” [20]. As with the other 
recommendations listed in the DED Guidance, an ART pro-
gram should incorporate these examples into a documented 
process for reviewing these records.

Another important concept for donor screening is dealing 
with “relevant medical records” [(1271.3(s)]. An ART 
program should attempt to obtain and review these records if 
the records were available in time for the donor eligibility deter-
mination. For example, egg donor profiles from egg donor 
agencies or previous IVF cycle information often contains 
crucial information important for an ART program to cross-
reference with its own screening information on the donor 
(i.e., country of origin, social behaviors, etc). In these cases, 
the current treating ART program should make a documented 
attempt to obtain these records, if they are available, and 
review them before the donor eligibility determination [21].

Donor Testing (1271.80; 1271.85)

The FDA requires that any reproductive tissue donor be 
tested for RCDADs, although the RCDADs tested are differ-
ent than those for screening since some RCDADs do not yet 
have tests that have been approved (or cleared) for this pur-
pose (i.e., Creutzfeldt-Jakob disease). Table 6.3 depicts the 
current list of RCDADs for donor testing. Additionally, these 
donors must be tested “using appropriate FDA-licensed, 
approved, or cleared donor screening tests, in accordance 
with the manufacturer’s instructions, to adequately and 
appropriately reduce the risk of transmission of relevant 
communicable disease agents or diseases”[(1271.80(c)]. 
Table 6.4 lists the current types of tests that should be per-
formed [22]. ART programs are also allowed to perform 
additional or more stringent tests in addition to what is 
required. However, if this is done, then results of these tests 
must be documented, maintained, reviewed, and considered 
when performing a donor eligibility determination [23].

All donors subject to testing must have their specimens 
for testing obtained within a defined period of time. For egg 
donors, samples must be obtained within 30 days before egg 
retrieval, and for sperm donors, seven days before or after 
semen collection. These timing requirements may present 

Table 6.2 Current list of relevant communicable disease agent or 
disease (RCDAD) required for donor screening

Relevant communicable 
disease agent or disease 
(RCDAD)

Section of ruling or 
guidance

Females or 
males

Human immunodeficiency 
virus (HIV)

1271.75(a)(1)(i) Both

Heptatitis B Virus (Hep B) 1271.75(a)(1)(ii) Both
Hepatitis C Virus (Hep C) 1271.75(a)(1)(iii) Both
Human transmissible 

spongiform encephalopa-
thy, including Cretzfeldt-
Jakob disease 
("Mad-Cow")

1271.75(a)(1)(iv) Both

Treponema pallidum 
(Syphilis)

1271.75(a)(1)(v) Both

Communicable disease risks 
associated with 
xenotransplantation

1271.75(a)(2) Both

Chlamydia trachomatisa 1271.75(c)(1) Both
Neisseria gonorrheaa 1271.75(c)(2) Both
Human T-lymphotropic virus 

(HTLV)
1271.75(b) Males only

West Nile virus (WNV) DED guidance; 
IIID p.5–6

Both

Sepsisb DED guidance; 
IIID p.6

Both

Vaccinia (from small-pox 
vaccination)

DED guidance; 
IIID p.6–7

Both

aScreened for these RCDADs are required unless "the reproductive cells 
or tissues are recovered by a method that ensures freedom from con-
tamination of the cells or tissue by infectious disease organisms that 
may be present in the genitourinary tract" [1271.75(c)]
bAs noted in the DED guidance “If a living donor appears healthy, the 
donor usually does not need to be evaluated for sepsis” [20]
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some unique challenges to an ART program, since the donor 
eligibility process can take place over a period of months and 
may involve physical/mental health and financial consider-
ations for the recipient. A balance must be struck between 
obtaining as many of the results as possible before the IVF 
cycle, and the costs to the recipient, all within the context of 
maintaining FDA compliance.

Typically, first-time egg donors are tested twice, because 
the 30-day testing time frame occurs after the matching of the 
donor and recipient. The first round is usually made when 
the donor enters the program or during preliminary screening. 
The second and most crucial round, due to the 30-day window 

requirement, usually occurs around or before the initiation of 
gonadotropins for ovarian stimulation. At this point, if the 
donor tests positive or reactive for an RCDAD, the cycle 
must be canceled. However, for repeat egg donors, who 
have both demonstrated their commitment and who have pre-
viously tested negative for any RCDADs, the question is 
whether it is necessary to test them more than the required 
30-day window testing round. An ART program may deter-
mine that the risk of the donor testing positive before egg 
retrieval is lower, therefore a first round of testing is not 
necessary. The costs and benefits of an additional round of 
testing outside of the required timeframe should be weighed 

Table 6.3 Current list of relevant communicable disease agent or disease (RCDAD) required for donor testing

Relevant communicable disease agent or disease (RCDAD) Section of ruling or guidance Females or males

Human Immunodeficiency Virus (HIV) type 1 1271.85(a)(1) Both
Human Immunodeficiency Virus (HIV) type 2 1271.85(a)(2) Both
Heptatitis B Virus (Hep B) 1271.85(a)(3) Both
Hepatitis C Virus (Hep C) 1271.85(a)(4) Both
Treponema pallidum (Syphilis) 1271.85(a)(5) Both
Chlamydia trachomatisa 1271.85(c)(1) Both
Neisseria gonorrheaa 1271.85(c)(2) Both
Human T-lymphotropic virus (HTLV) 1271.85(b)(1) Males only
Cytomegalovirus (CMV) 1271.85(b)(2) Males only
aTesting for these RCDADs is required unless "the reproductive cells or tissues are recovered by a method that ensures 
freedom from contamination of the cells or tissue by infectious disease organisms that may be present in the genitourinary 
tract" [1271.85(c)]

Table 6.4 Current types of RCDAD tests recommended by the FDA

Relevant communicable disease agent or disease (RCDAD) Type of tests

Human immunodeficiency virus (HIV) type 1 FDA-licensed screening test either for anti-HIV-1 or combined with anti-HIV-2a

FDA-licensed HIV-1 screening NATb test or combination test
Human immunodeficiency virus (HIV) type 2 FDA-licensed screening test either for anti-HIV-1 or combined with anti-HIV-2
Heptatitis B virus (HBV) FDA-licensed screening test for HBV surface antigen (HBsAg)

FDA-licensed screening test for HBV core antigen (anti-HBc)
Hepatitis C virus (HCV) FDA-licensed screening test for anti-HCV

FDA licensed HCV screening NAT test or combination test
Treponema pallidum (Syphilis) FDA-cleared screening test for syphilis or FDA-cleared diagnostic serologic test 

for Syphilisc

Chlamydia trachomatis FDA-licensed, approved or cleared diagnostic test labeled for the detection of these 
organisms in an asymptomatic, low-prevalence population. NAT tests are 
recommended.d

Neisseria gonorrhea FDA-licensed, approved or cleared diagnostic test labeled for the detection of these 
organisms in an asymptomatic, low-prevalence population. NAT tests are 
recommended.d

Human T-lymphotropic Virus (HTLV) FDA-licensed screening test for anti-HTLV I/II
Cytomegalovirus (CMV) FDA-cleared screening test for anti-CMV (total IgG and IgM)
aIf the HIV test utilized does not test for HIV group O antibodies, then the RTE must also screen these donors for HIV group O risk factors [36]
bNAT = Nucleic acid test
cFor more information regarding syphilis testing, see DED Guidance; “Discussion of Syphilis Assays”, p 32–33
dThese particular test recommendations are made is because currently there are no FDA-licensed, approved or cleared tests for donor screening of 
Chlamydia trachomatis or Neisseria gonorrhea

Note: The FDA may change these recommendations in the future “due to technological advances or evolving scientific knowledge.” [37]
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appropriately and a decision made before the matching 
process begins.

Although the time frame for male donor testing is the  
7 days before or after semen collection, there are distinctions 
between anonymous and directed sperm donors concerning 
quarantine and retesting. Anonymous donors must be tested 
initially within seven days of the first donation. They must 
then be retested after the quarantining of their sperm for six 
months from the date of the last semen collection. Only after 
these two testing periods, can the donor’s sperm be released 
for distribution. Additionally, since most anonymous sperm 
donors are repeat donors, ART programs are not required to 
collect a donor specimen for testing at the time of each semen 
donation [1271.80(b)(2)]. However, it is important to note 
that each new batch of sperm must be quarantined for 
6 months from the date of the first test before being released 
for distribution.

Conversely, directed sperm donors do not have the six-
month quarantine and retest requirement. However, they 
must be tested with every single donation within seven 
days, before or after semen collection. Alternatively, ART 
programs have the option of treating directed donors like 
anonymous sperm donors, in which case this action would 
not affect compliance [24].

ART programs have particular responsibilities for donor 
testing that may or may not be immediately obvious. Most 
ART programs outsource their donor testing to special test-
ing laboratories that provide clinical and diagnostic testing 
services. Under 1271.150(c), if an ART program engages 
“another establishment (e.g., a laboratory to perform com-
municable disease testing, or…), under a contract, agreement, 
or other arrangement, to perform any step in manufacture for 
you [the ART program], that establishment is responsible for 
complying with requirements applicable to that manufactur-
ing step” [1271.150(c)(1)(ii)]. In other words, clinical testing 
laboratories performing donor tissue testing must comply 
with all applicable regulations under this ruling, and the 
ART program is responsible for ensuring this [25].

Other ART programs’ responsibilities concerning testing 
include the following: (1) ensuring and documenting that 
the correct FDA-approved or cleared tests for donor screen-
ing are ordered and used; (2) maintaining documentation 
verifying that specimen collection and storage requirements 
are observed; and (3) checking that results are interpreted 
properly. This requires a commitment of time on the part of 
the ART program, but it is absolutely essential to do. There 
have been anecdotal reports of samples being ruined and not 
tested because of faulty handling and storage. It is important 
to pay close attention to where and how the specimens for 
testing are stored between collection and pickup by a testing 
laboratory courier. For example, ART programs will often 
place specimens at the end of a work day in a “drop box” 
located within or immediately outside the controled 

environment of the facility. Location of the drop box is 
important in terms of security and temperature. Room tem-
perature is obviously dependent on the building tempera-
ture, weather conditions, time of day, proximity to sunlight, 
etc. and may fluctuate depending on the seasons. Conducting 
specimen pick-up procedures in this manner would not be 
in compliance with most manufacturer’s test kit package 
inserts and, therefore, would not be FDA compliant.

Two additional issues for ART programs include CMV 
testing for males and plasma dilution. The FDA requires that 
an ART program “must test a specimen from the donor of 
viable, leukocyte-rich cells or tissue for evidence of infection 
due to cytomegalovirus (CMV), to adequately and appropri-
ately reduce the risk of transmission. You [an ART program] 
must establish and maintain a standard operating procedure 
governing the release of an HCT/P from a donor whose speci-
men tests reactive for CMV” [1271.85(b)(2)]. Notice that this 
statement does not indicate what this policy and procedure 
must include – only that an ART program must have one and 
adhere to it. While on the surface this appears simple, the 
implications can be more complex, depending on what the 
ART program’s policy is regarding the release of CMV posi-
tive tissue – i.e., an IgG positive/IgM negative vs. IgG nega-
tive/IgM positive donor. The clinical implications of utilizing 
CMV positive sperm for inseminations or IVF are beyond the 
scope of this chapter. Furthermore, the author acknowledges 
that multiple CMV policies exist among ART programs. 
Finally, it is crucial for an ART program that orders sperm 
from commercial sperm banks to be aware of each banks’ 
policies regarding release of CMV positive sperm and how it 
relates to its own CMV policy.

Plasma dilution occurs when there is “a decrease in the 
concentrations of the donor’s plasma proteins and circulating 
antigens or antibodies resulting from the transfusion of blood 
or blood components and/or infusion of fluids” [1271.3(p)]. 
If a donor has had a transfusion or infusion of any kind within 
48 h before the blood draw for infectious disease testing, the 
test results may be affected. Therefore, the simplest solution 
is to ask the potential donor at the time of the blood draw if 
they have had a transfusion or infusion within the past 48 h. 
If so, the donor should be instructed to return no earlier than 
48 h following the infusion/transfusion. If this cannot be 
done, the program must consult the plasma dilution sections 
of the DED Guidance [26, 27].

Finally, ART programs must always keep in mind that the 
field of donor testing is always changing with advances in 
technology and the knowledge of infectious disease. As new, 
more sensitive, more accurate methods for infectious disease 
testing are developed and approved, it is likely that the FDA 
will require additional testing for tissue donors in the future. 
Therefore, ART programs must keep up with the current 
FDA’s thinking on particular testing topics and pay attention 
to any new testing guidances as they are published.



796 Successfully Integrating the FDA Regulations into Your Practice

Donor Eligibility Determination (1271.45; 1271.50; 
1271.65; 1271.75; 1271.80; 1271.90)

The “Donor Eligibility Determination” represents the decision 
point at which a donation may occur; and if so, under what 
conditions. If all screening and testing have been performed 
correctly, then the donor eligibility determination is straight-
forward. It requires only that a responsible person review the 
completed records and decide as to whether the prospective 
donor is “eligible” or “ineligible” to donate tissue.

For purposes of preparing for the review, it is important to 
have a clear understanding of which prospective donors 
require a donor eligibility determination and which are 
exempt. There are a number of specific donor situations that 
should be discussed here. All anonymous and directed oocyte 
and sperm donors that are not sexually intimate with a recipi-
ent MUST have a donor eligibility determination performed 
[1271.45(b)]. There are significant exemptions for fresh 
tissue from this requirement, namely for (1) autologous cells 
and tissues (note: the FDA does not consider sperm, testicular 
biopsy tissue, or embryos as “autologous”; 1271.3(a)) and 
(2) reproductive tissue from a sexually intimate partner (SIP) 
[1271.90(a)(1) & (2)].

Additionally, there are two more exemptions for cryo-
preserved tissue which should be clarified here. The first 

cryopreserved tissue exemption [1271.90(a)(3)] must meet all 
of the following criteria: (1) the cryopreserved cells or tissue 
are either oocytes, sperm, ovarian tissue, or testicular tissue; 
(2) the tissue is already exempt under the first exemption #1 
and #2 above; and (3) the tissue is now intended for directed 
donation from a donor who cannot make further donations 
due to the health or infertility of the donor and measures are 
taken to screen and test the donor before transfer to the recip-
ient. The second cryopreserved tissue exemption deals with 
embryos [1271.90(a)(4)]. The following conditions are 
required for embryos to be exempt: (1) the cryopreserved 
embryos are originally exempt under #2, since they are from 
sexually intimate partners; (2) the embryos are intended 
for directed or anonymous donation; and (3) appropriate 
measures, when possible, are taken to screen and test the 
semen and oocyte donors before transfer of the embryo to 
the recipient. These examples and further explanation of 
these exemptions are detailed in the DED Guidance [28] and 
will also be covered under “Cases” in this chapter.

The basics of performing a donor eligibility determina-
tion should be rather simple at this point if all screening 
and testing procedures have been followed and results 
obtained. The process of performing a donor eligibility 
determination is depicted in Fig. 6.1. The eligibility determi-
nation must be performed before transfer of tissue occurs 

Fig. 6.1 The process of performing a donor eligibility determination (DED)
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except for cases of urgent medical need [1271.60(d)(1)]. 
In general, however, the FDA generally does not consider 
reproductive tissue to fall under the definition of urgent 
medical need [1271.3(u)]. The responsible person perform-
ing the donor eligibility determination reviews the screening 
and testing results and reaches a conclusion as to whether 
the donor is “eligible” or “ineligible” to donate based on 
these results.

A donor is “eligible” only if (1) donor screening indicates 
that the donor “(a) is free from risk factors for, and clinical 
evidence of, infection due to relevant communicable disease 
agents and diseases; and (b) is free from communicable 
disease risks associated with xenotransplantation”; and (2) 
donor testing for all RCDADs indicates that the donor is 
“negative or nonreactive, except as provided in Sect. 1271.80(d)
(1)” (syphilis).

From a practical standpoint, it is fairly straightforward 
to determine a donor’s eligibility based on test results (see 
Table 6.5) because if testing was performed correctly 
and clear results were obtained, the results are usually 

objective and accurate indications of a donor’s infectious 
disease status. However, there are situations when “false-
positive” or “inconclusive” results may be obtained. From 
a clinical perspective, these types of results do not neces-
sarily mean that the donor has an ultimate diagnosis of the 
particular disease; follow-up testing with the same or 
different testing methodologies may indicate that the donor 
is negative clinically. However, from an FDA standpoint, 
the only point at which a donor is considered “eligible” is 
when the donor clearly tests negative or non-reactive. 
All other test results render a donor “ineligible,” regard-
less of resolving a false-positive or inconclusive test to a 
negative outcome.

There have been cases in which the FDA has made very 
limited exceptions to this rule; however, these exceptions are 
very narrow in scope and deal with specific testing issues. 
A separate guidance published by the FDA deals with testing 
pooled blood samples from tissue donors (not supposed to 
occur) and the use of diagnostic tests instead of tests indicated 
for donor screening [29].

Table 6.5 Eligibility of donors based on RCDAD test results

Relevant communicable disease agent 
or disease (RCDAD) Testing methodology

Eligibility of donor with 
positive or reactive results Deferral status

Human immunodeficiency virus 
(HIV) type 1

Antibody Ineligible Permanent deferral

Human immunodeficiency virus 
(HIV) type 1

Nucleic acid Test Ineligible Permanent deferral

Human immunodeficiency virus 
(HIV) type 2

Antibody Ineligible Permanent deferral

Heptatitis B Virus, surface antigen Antibody Ineligible Permanent deferral
Heptatitis B virus, total core antibody 

(IgG/IgM)
Antibody Ineligible Permanent deferral

Hepatitis C virus Antibody Ineligible Permanent deferral
Hepatitis C virus Nucleic acid test Ineligible Permanent deferral
Treponema pallidum (Syphilis) Non-treponemal specific (i.e., rapid 

plasma reagin)
Not necessarily ineligiblea Deferred until results from 

treponemal-specific test 
obtained to confirma

Treponema pallidum (Syphilis) Treponemal-specific test (i.e., fluores-
cent Treponemal antibody)

Ineligiblea Deferred 1 yeara pending

Chlamydia trachomatis Nucleic acid test; FDA licensed, 
approved or cleared for detection in 
an asymptomatic, low-prevalence 
population

Ineligible Deferred 1 year

Neisseria gonorrhea Nucleic acid test; FDA licensed, 
approved or cleared for detection in 
an asymptomatic, low-prevalence 
population

Ineligible Deferred 1 year

Human T-lymphotropic Virus (HTLV) 
I, II (required for males only)

Antibody Ineligible Permanent deferral

Cytomegalovirus (CMV) Total (IgG/
IgM) (required for males only)

Antibody Not necessarily ineligible; 
depends on RTE standard 
operating procedure

Depends on ART program 
standard operating 
procedure

aNote: Donors testing positive for syphilis using a non-treponemal specific screening test (i.e., an RPR) may still be eligible. Additional testing in 
the form of a treponemal-specific test MUST be performed to determine final eligibility status. If the results are negative on the treponemal-specific 
test, the donor may still be considered “eligible” and the donation can continue. If the results are positive, the donor is considered “ineligible” and 
must be deferred for at least 1 year
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Making a donor eligibility determination based on screening 
results is a different issue. Screening results are more subjec-
tive. The clinician(s) performing the separate screening steps 
and the responsible person conducting the donor eligibility 
determination must interpret the information contained in 
the DED Guidance. In general, if the donor exhibits any risks 
of or clinical evidence of any RCDAD, the donor is usually 
considered “ineligible”. However, the exact questions asked 
of the donor, as well as all pertinent physical and clinical 
evidence are beyond the scope of this chapter. For details 
concerning basic eligibility statements, where screening 
information is obtained for a particular RCDAD, and defer-
ral information for screening results, see Table 6.6.

If a donor is determined to be “ineligible” based on 
screening and/or testing, then the next step in the process 
depends on the relationship between the donor and recipient. 
If the donor/recipient relationship is anonymous, then the 

tissue cannot be transferred under any circumstances 
[1271.45(c)]. However, if the relationship is one of a directed 
reproductive donor or if the donation is for “allogeneic use in 
a first-degree or second-degree blood relative” [1271.3(l)], 
then the tissue can be donated with the following provisions: 
(1) the HCT/Ps must be labeled properly [1271.65(b)(2)] and 
(2) it must be documented by the ART program that “manu-
factured” the tissue that the physician transferring the tissue 
was notified of the results of screening and testing [1271.65(b)
(3)]. In practice, this means that the recipient and the donor 
must be aware of the risks associated with transfer of the 
tissue, advised as to the labeling, and know that the consent 
is documented. One of the more common misconceptions 
concerns directed donors and the use of ineligible tissue. 
If an ART program has determined a directed donor to be 
ineligible, the donor is ineligible. Seeking an alternative 
solution, such as receiving a signed consent from the recipient, 

Table 6.6 Eligibility of donors based on RCDAD screening results

Relevant communicable disease agent  
or disease (RCDAD) Screening results from:

Eligibility of donor if risk/clinical 
evidence of RCDAD is found Deferral status

Human immunodeficiency virus (HIV) 
type 1,2; subtype O

Medical history, physical 
exam; medical records 
review

Ineligible Permanent deferral

Hepatitis B or C virus Medical history, physical 
exam; medical records 
review

Ineligible Permanent deferral

Human transmissible spongiform 
encephalopathy, including Cretzfeldt-
Jakob disease ("Mad-Cow")

Medical history, medical 
records review

Ineligible Permanent deferral

Treponema pallidum (Syphilis) Medical history, physical 
exam; medical records 
review

Ineligible Deferred 1 year from date of 
exposure/diagnosis plus 
evidence of successful 
treatment for re-entry

Chlamydia trachomatisa Medical history, physical 
exam; medical records 
review

Ineligible Deferred 1 year from date of 
exposure/diagnosis plus 
evidence of successful 
treatment for re-entry

Neisseria gonorrheaa Medical history, physical 
exam; medical records 
review

Ineligible Deferred 1 year from date of 
exposure/diagnosis plus 
evidence of successful 
treatment for re-entry

Human T-lymphotropic virus (HTLV) Medical records review Ineligible Permanent deferral
West Nile virus (WNV) Medical history, medical 

records review
Ineligible Deferred 120 days from 

diagnosis, previous positive 
test result or onset of illness 
(whichever is later)

Sepsis Medical history, physical 
exam; medical records 
review (if a living donor 
appears healthy, sepsis 
usually does not apply)

Ineligible No deferral criteria mentioned 
by FDA for living donors if 
this occurs

Communicable disease risks associated 
with xenotransplantation

Medical history, medical 
records review

Ineligible Permanent deferral

Vaccinia (from small-pox vaccination) Medical history, physical 
exam; medical records 
review

Ineligible Deferred 14 days to 3 months; 
dependent on status of lesion 
and/or complications
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does not reverse the donor’s ineligibility. A donor’s ineligibility 
cannot change, unless the donor was ineligible for an RCDAD 
which has an associated time-related deferral.

Records and Recordkeeping (1271.55)

Documentation of all steps of the donor eligibility process is 
vital for an ART program’s compliance with 21 CFR 1271. 
The FDA has established specific requirements regarding the 
types of records to maintain, which records must accompany 
the HCT/P(s) and the retention time of those records. The 
FDA requires that all records pertaining to screening, testing, 
and donor eligibility determination [1271.55(d)(i–iii)] be (1) 
“accurate, indelible and legible” [1271.55(d)(2)], (2) made 
available upon request during an FDA inspection [1271.55(d)
(3)] and (3) retained for at least 10 years after the date the 
HCT/P was used (transferred, distributed, disposed, donated 
to research, or other final disposition) or expired – whichever 
occurs last.

Additionally, there are types of records termed “accompa-
nying records” and “summary of records” that have specific 
requirements and can be a major source of negative observa-
tions during an FDA inspection. For a breakdown of these 
requirements, see Fig. 6.2. These accompanying records must 
“accompany” the corresponding HCT/Ps at all times after a 
donor eligibility determination has been made [1271.55(a)] 
and must not contain any personally identifying information 
of the donor unless the donation is directed where both parties 
are known to each other.

Laboratory Section: Labeling, Quarantine, Storage, 
Shipping/Receipt, and Non-Clinical Uses (1271.60; 
1271.65; 1271.90; 1271.370(b)(4)1)

It may appear that the bulk of this ruling affects the clinical 
side of an ART program. This is primarily due to the fact that 
currently, the FDA has temporarily exempt ART programs 
from the rest of the Current Good Tissue Practices (CGTPs). 
Even so, ART programs are still covered by portions of 
the ruling requiring compliance measures and adoption 
of practices. This section focuses specifically on how the 
ruling affects an ART laboratory. As noted before, specific 
policies and procedures that describe these processes must be 
established and maintained.

Labeling: 1271.90; 1271.370(b)(4)

For an ART laboratory, the labeling required of reproductive 
tissue can be a confusing process. Questions that are the 
main source of confusion include: which tissue is subject to 
labeling, how labeling is physically performed, and which 
textual labels are required. The ruling requires that all tissue 
in an ART laboratory has labeling that will “accompany” the 
tissue at all times, regardless of whether it is exempt or not from 
the donor eligibility determination requirement [1271.90(b)]. 
This means that although sexually intimate partners (SIPs) 
are exempt from the donor eligibility determination require-
ment [1271.90(a)(2)], their tissue must be labeled as outlined 
in section 1271.90(a)(1)–(6). This also includes tissue for 

1Note: see “Subpart E: Additional requirements” for explanation on how 1271.370 is important for labeling

Fig. 6.2 “Important elements for accompanying 
records” and “summary of records”
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autologous use [(1271.90(a)(1)], cryopreserved gametes 
[1271.90(a)(3)], and embryos [1271.90(a)(4)] originally 
meant for self use and subsequently intended for donation. 
The labels required for the different situations that arise in an 
ART laboratory is listed in Table 6.7. Although the bulk of 
the labeling generated is usually for SIPs undergoing IVF 
procedures, the ART laboratory must still consider any test 
results for RCDs from either SIP for labeling.

An ART laboratory must know the following three important 
pieces of information in order to label tissue accurately: (1) 
whether a donor eligibility determination was required, (2) 
the complete (or incomplete) results, if it was required, and 
(3) if it was not required, then the results of any screening or 
testing that was performed. Furthermore, the ART laboratory 
must also know the collection date of the tissue to determine 
if a “quarantine” indication is appropriate (see the next section 
on “Quarantine). Each one of these important pieces of infor-
mation will be discussed.

If a donor eligibility determination was required, this 
means that the situation is considered to be a non-exempt 

donor situation in which ALL the necessary screening and 
testing should have been completed. If a completed eligi-
bility determination indicates the donor was “eligible”, no 
special labeling applies beyond the requirements for accom-
panying and summary of records [1271.55]. However, if 
screening and/or testing indicates that the donor had any 
risk factors/clinical evidence of, or had tested positive for, a 
RCDAD, then specific warnings must be included in the 
labeling. These warnings are dependent on the reason for 
ineligibility. If an eligibility determination was not required, 
for instance, in cases of SIPs undergoing IVF, the laboratory 
still needs to know the kind of testing and screening that 
was done and the results in order to determine the warnings 
that are appropriate for the tissue. All these warnings and 
other types of required or helpful labeling are included in 
Table 6.7.

Finally, there are three more instances where labeling is 
required – two concerning quarantined tissue and one regard-
ing non-clinical use of ineligible tissue. The FDA requires 
that tissue deemed ineligible for donation to a recipient and 

Table 6.7 Warnings required for FDA compliant labeling of HCT/Ps

Required label Applicable situation(s) Section of ruling

“For autologus use only” For autologous usea 1271.90(b)(1)
“Not evaluated for infectious substances” Required screening and/or testing is incomplete or not been 

performed according to the rulingb

1271.90(b)(2)

“Warning: Advise recipient of communicable disease 
risks”

(1) DED is not performed or not completed;
(2) If screening or testing results indicate presence of RCDs 

and/or risk factors or clinical evidence of RCDADs. Not 
utilized in cases of autologous use.

1271.90(b)(3)

Biohazard legend (note that this symbol must be in 
orange)

Screening or testing shows presence of RCDs and/or risk 
factors or clinical evidence of RCDADs.

1271.90(b)(4) (symbol 
shown in 1271.3(h))

“Warning: Reactive test results for (insert name of 
disease agent or disease)”

Positive or reactive test results (for any tissue – donor or 
non-donor)

1271.90(b)(5)

“Advise recipient that screening and testing fo the 
donor(s) were not performed at the time of 
cryopreservation of the reproductive cells or 
tissue, but have been performed subsequently”

All conditions must apply:
(1) For embryos fulfilling the exemption in 1271.90(a)(4) or 

gametes fulfilling the exemption in 1271.90(a)(3);
(2) Intent indicated for donation, and
(3) Oocyte and/or sperm contributors have had ALL required 

screening and testing.

1271.90(b)(6)

“For non-clinical use only” Use with the Biohazard legend for ineligible tissue 
designated for non-clinical use (i.e., donation to research 
or training)

1271.65(c)

Other types of labels required (or helpful)
Label or some other clear indication that tissue is in 

quarantine
(1) A DED is required on the donor, and
(2) A DED is not complete by the time of tissue collection.

1271.60(b)

Statement indicating that the tissue “… must not be 
implanted, transplanted, infused or transferred until 
completion of the donor-eligibility determination, 
except…” in cases of documented urgent medical 
need (as referred to in 1271.60(d))

Tissue is to be shipped in quarantine 1271.60(c)(3); 
1271.60(d)

aFor reproductive tissue, this label is ONLY used for oocytes (or ovarian tissue) being cryopreserved for future autologous use; this does NOT 
apply to embryos or sperm (or testicular tissue)
bALL screening and testing described under sections 1271.75, 1271.80 and 1271.85 must be performed (including the more specific information 
given in the DED Guidance) for this label NOT to apply. Also, this label does not apply to cryopreserved embryos as described in section 1271.90(a)
(4). However, labeling under 1271.90(b)(6) MAY apply to embryos in 1271.90(a)(4)

Note: Labeling requirements are not just required for donors – they extend to ALL tissue in an ART program
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instead designated for non-clinical use must be labeled 
with the warning “FOR NON-CLINICAL USE ONLY” 
and the Biohazard legend [1271.65(c)]. The other two cases 
are addressed in the next section on “Quarantine”.

Quarantine: 1271.60(a),(b)

The FDA definition of “quarantine” for HCT/Ps is “the 
storage or identification of an HCT/P, to prevent improper 
release, in a physically separate area clearly identified for 
such use, or through use of other procedures, such as auto-
mated designation” [1271.3(q)]. Understanding what this 
definition is and how it is applied is essential for compliance, 
since the FDA definition is somewhat different from the 
definition commonly used by ART laboratories.

The basic purpose of this requirement is to ensure 
that any tissue collected from a donor requiring an eligi-
bility determination is kept from distribution until the 
determination has been completed. Tissue exempt from 
the eligibility requirement does not fall into this category. 
The ART laboratory “must clearly identify as quarantined 
an HCT/P that is in quarantine pending completion of a 
donor-eligibility determination” and “must be easily distin-
guishable from HCT/Ps that are available for release and 
distribution” [1271.60(b)]. Note that much of the emphasis 
the FDA places on quarantine concerns identification and 
distinction from other tissues. Therefore, the ART labora-
tory must develop a documented system to ensure that all 
personnel are aware when tissue is in quarantine and that 
quarantined tissue must not be transferred in any way to 
the recipient until the donor eligibility determination is 
completed and meets all other requirements for use. This 
requires the development of written procedures that acknowl-
edge the FDA’s definition of quarantine and that detail 
how the ART program will fulfill the definition during 
“Processing,” i.e., culturing of embryos, sperm preparation, 
and during tissue storage. In practice, this process should 
not be difficult, since well-run laboratories understand that 
there are few things as important as correctly identifying 
samples for use.

Additionally, the FDA has specific requirements for 
shipping tissue that is in quarantine [1271.60(c)]. First, the 
donor tissue must have records accompanying the tissue 
that (1) identify the donor (i.e., ID code) and (2) state that the 
donor eligibility determination has not been made and 
that the tissue cannot be transferred until the eligibility 
determination process has been completed (see Table 6.7). 
The only exception is for cases of “urgent medical need” 
[1271.60(d)]. Note, however, that reproductive tissue gener-
ally does not meet the definition of “urgent medical need” 
[1271.3(u)]; therefore, this exception does not apply to 
ART programs.

 Storage: 1271.65(a)

Meeting the requirements for tissue storage according to 
1271.65(a) has often vexed ART laboratory personnel, as 
interpretation of compliance varies widely. The ART labora-
tory “must store or identify HCT/Ps from donors who have 
been determined to be ineligible in a physically separate area 
clearly identified for such use” or may impart other measures 
to ensure donor tissue is not improperly released (such as 
“automated designation”) [1271.65(a)]. The key phrases to 
focus on are ineligible and physically separate area. The main 
requirement is that any ineligible tissue that is stored must be 
designated and separated in some way from all other tissue. 
How this is accomplished can vary. A physically separate area 
can mean a completely separate tank or a canister within a 
tank specifically designated for only storing ineligible tissue. 
However, the spirit of the ruling implies that all tissue storage 
should have written policies and procedures that describe the 
process of storing and accounting for all tissue.

Shipping (and Receipt): 1271.60(c); 1271.55

The last area of ART laboratory-specific requirements 
concerns shipping and receipt of tissue. The only section that 
specifically mentions shipping requirements for tissue has 
already been addressed in the section on Quarantine – 
records requirements for shipping tissue in quarantine. On 
first glance, this seems to be the only issue regarding shipping 
of tissue that needs attention. However, from a realistic stand-
point, this is not the case. There has also been discussion of 
the terms “accompanying records” and “summary of records” 
in this chapter (see section on “Records and Recordkeeping” 
above). Note the wording of 1271.55(a): “Once a donor-
eligibility determination has been made, the following must 
accompany the HCT/P at all times”. This means that not only 
these “accompanying records” must be with the tissue while 
in use or in storage at a given ART laboratory, but they must 
also accompany the tissue when it is shipped to other locations. 
This same line of reasoning would also apply to appropriate 
labeling as well. Additionally, then any tissue received from 
another ART program must also have these records and 
should be checked and documented.

Departures from Procedures and Deviations (1271.47(d))

This next section focuses on another important area – the 
responsibilities of an ART program when issues arise. Even 
the most efficient and meticulous of ART programs will find 
itself in the position of confronting problems. Sometimes, 
these events are unexpected and after the fact. Other times, 
they may be known beforehand, when there is time to do 
something about it.
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The FDA requires that all ART programs document any 
departures from procedures performed. Furthermore, FDA 
requires that ART programs cannot transfer tissue under a 
departure from procedure unless a responsible person has 
“determined that the departure does not increase the risks of 
communicable disease transmission through the use of the 
HCT/P” [1271.47(d)]. It is essential to understand what 
the FDA means by “departures from procedures” in order to 
employ the concept properly. The meaning is not intuitively 
obvious. The FDA considers a departure from procedure “to 
be an intended change from an established procedure, including 
a standard operating procedure (SOP), which occurs before 
the HCT/P is distributed, and is consistent with applicable 
regulations and standards” [30]. For example, an ART labo-
ratory may use different culture media because the media 
listed in the procedure was not available at the time oocytes 
were collected. In this case, the change was intended to 
happen and is consistent with the regulations. By contrast, a 
deviation is “an event that is inconsistent with applicable 
regulations, standards, or established specification, or is 
unexpected or unforeseeable” [1271.3(dd)]. An example of a 
deviation is a situation in which embryos from an anonymous 
oocyte donor/male SIP partner’s sperm is transferred to 
the female SIP, and it is discovered after the fact that the 
oocyte donor has been erroneously determined eligible when 
the donor is, in fact, ineligible. Departures from procedures 
are required to be documented by the ART program. Currently, 
however, ART programs are not required to document or report 
deviations to the FDA under 1271.350(b) – a part of the ruling 
from which ART programs are temporarily exempt.

6.2.3  Current Good Tissue Practice: Final Rule

6.2.3.1  Subpart D: Current Good Tissue Practice: 
Sections 1271.145–1271.320

Subpart D establishes what are called the Current Good 
Tissue Practice (CGTP) requirements. These requirements 
are meant to reduce the potential of communicable disease 
transmission during the multiple steps of tissue “manufacturing”: 
recovery, donor screening, donor testing, processing, storage, 
labeling, packaging, and distribution. The elements of Subpart 
D are listed in Table 6.8. Only the currently applicable 
sections will be discussed here.

At present, ART programs are exempt from most of the 
CGTPs, except for the following: (1) 1271.150(c)(1–3): 
Compliance with applicable requirements; and (2) 1271.155: 
Exemptions and alternatives. 1271.150(c) discusses the roles 
and responsibilities of a tissue establishment during the 
process of evaluating and entering into manufacturing 
arrangements with other establishments that are required to 

comply with any part of 21 CFR Part 1271. 1271.155 states 
that tissue establishments may request an exemption or an 
alternative in order to meet any of the Subpart C or D require-
ments. Currently, it is understood that this exemption for 
ART programs is only temporary and that eventually the 
FDA will apply the CGTPs to reproductive tissue – in some 
form. If, or more likely when, ART programs are required to 
become compliant with the CGTPs, there probably will be a 
tremendous impact on ART laboratories from both a practice 
and documentation standpoint.

1271.150(c) has the largest impact on ART programs 
of Subpart D and should play an important part in the 
overall compliance plan and practices of an ART pro-
gram. Due to the importance of this section, there is a 
separate part of this chapter which discusses these issues 
(“Manufacturing Arrangements”). The FDA has published 
a separate guidance regarding this topic (“Guidance for 
Industry: Compliance with 21 CFR Part 1271.150(c)(1) – 
Manufacturing Arrangements”) [25].

Manufacturing Arrangements (1271.150(c)(1))

As mentioned earlier, it is the responsibility of a registered 
ART program to ensure that any establishment regulated 
under 21 CFR 1271 with which it has manufacturing arrange-
ments is FDA compliant [1271.150(c)(1)]. This portion of 
the regulation states that an ART program or an establishment 
with whom the ART program contracts need only comply 

Table 6.8 Section breakdown of subpart D: current good tissue 
practice

Section Topic

1271.145 Prevention of the introduction, transmission, or spread of 
communicable diseases.

1271.150 Current good tissue practice requirements.
1271.155 Exemptions and alternatives.
1271.160 Establishment and maintenance of a quality program.
1271.170 Personnel.
1271.180 Procedures.
1271.190 Facilities.
1271.195 Environmental control and monitoring.
1271.200 Equipment.
1271.210 Supplies and reagents.
1271.215 Recover.
1271.220 Processing and process controls.
1271.225 Process changes.
1271.230 Process validation.
1271.250 Labeling controls.
1271.260 Storage.
1271.265 Receipt, predistribution shipment, and distribution  

of an HCT/P.
1271.270 Records.
1271.290 Tracking.
1271.320 Complaint file.
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with the parts of the regulation that are “applicable to the 
operations” performed [1271.150(c)(1)(i)] or with “require-
ments applicable to that manufacturing step” [1271.150(c)
(1)(ii)]. Additionally, ART programs are required to ensure 
that the contracted establishment “complies with all appli-
cable CGTP requirements” BEFORE it enters into any 
contract or understanding with the contracted establishment, 
and DURING the course of the relationship. If the ART 
program ever finds that the contracted establishment is not in 
compliance, it must take “reasonable steps” to ensure com-
pliance. If this effort is unsuccessful, the ART program must 
terminate the relationship [1271.150(c)(1)(iii)].

From the perspective of an ART program, the challenge is 
to determine “reasonable steps” to take to ensure compliance. 
The Manufacturing Arrangements Guidance makes several 
suggestions about how to accomplish this: (1) conducting an 
initial audit; (2) reviewing standard operating procedures; 
(3) reviewing the establishment’s compliance history [31]. 
Another suggestion would be to have mechanisms in place to 
detect compliance problems from information received, i.e., 
documenting receipt of the Accompanying and Summary of 
Records information each time tissue is received by the ART 
program. Figure 6.3 depicts “red flags” that could indicate 
compliance issues with a contracted establishment.

There are several actions an ART program should take to 
verify compliance of a contracted establishment: verify the 
FEI number (Federal Establishment Identifier number that is 
generated during the course of registration with the FDA), 
verify current registration, interview the contracted establish-
ment, and ask specific questions designed to gauge its working 
knowledge of the regulations and obtain recent copies of all 
relevant certifications (CLIA, CAP, state certifications).

Finally, it is highly recommended that the ART program 
sign a contractual agreement with the establishment, even if 
it is a vendor relationship and not an exclusive one. The con-
tract should establish the responsibilities of both parties, and 
indicate that sufficient notification, with a specified time 
range, should be given when changes to established policies 

and procedures are made that affect the ART program. The 
agreement should also contain language indicating that, if an 
activity affecting an ART program’s donor was found to be 
out of compliance, then the establishment would be respon-
sible for notifying the ART program within a reasonable 
period of time and set consequences for non-compliance. 
The ART program may also want to consider other elements 
in the agreement with legal guidance.

6.2.3.2  Subpart E: Additional Requirements for 
Establishments Described in Sect. 1271.10; 
Sections 1271.330, 1271.350 and 1271.370

The requirements presented in this subpart deal with the 
necessity of reporting certain information to the FDA and 
with additional labeling requirements. For ART programs, 
this is another section that is not yet applicable, as set forth 
in 1271.330. However, one labeling aspect is important to 
note due to the physical nature of cryopreserved tissue 
[1271.370]. The small size of the containers used for repro-
ductive tissue makes it difficult or impossible to include all 
the necessary labeling on the container itself. The FDA has 
made allowances for this in the Interim Final Rule, published 
May 25, 2005, and finalized on June 19, 2007 (7, 11). The 
altered ruling states that “If it is not physically possible to 
include these warnings [in reference to sections 1271.60(d)
(2), 1271.65(b)(2) and 1271.90(b)] on the label, the warning 
must, instead, accompany the HCT/P” [1271.370(b)(4)]. 
This means that these warnings can be placed on, or included 
separately with, documentation that accompanies the tissue, 
i.e., in a “sticker” format or as a separate labeling sheet.

6.2.3.3  Subpart F: Inspection and Enforcement of 
Establishments Described in Sect. 1271.10; 
Sections 1271.390, 1271.400, 1271.420 and 
1271.440)

Finally, the last part of the applicable ruling deals with FDA 
inspections and enforcement. The four different areas of this 
subpart deal with, in the order of numbers listed above: (1) 
Applicability, (2) Inspections, (3) HCT/Ps offered for import, 
and (4) Orders of retention, recall, destruction, and cessation 
of manufacturing. The first two sections establish that the 
FDA can inspect at any time, announced or unannounced, 
during normal business hours, and inspect the ART program’s 
“establishment, facilities, equipment, finished and unfinished 
materials, containers, processes, HCT/Ps, procedures, labeling, 
records, files, papers, and controls” [1271.400(a)]. The FDA 
inspector will ask for the most responsible person available 
at the time of the inspection and can take samples and review 
records [1271.400(d)]. Note that the FDA will not expose 
names or other identifying information of donors or recipients 

Fig. 6.3 “Red flags” indicating a potential compliance issue with a 
contracted establishment
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if any information is made public. Financial and personnel 
records are not required to be shown during an inspection. 
The FDA can order the cessation of manufacturing of an estab-
lishment, but CANNOT order the destruction of reproductive 
tissue or carry out the destruction itself [1271.440(f)].

6.3  Summary: Evidence-Based Guidelines

6.3.1  Implementation of Compliance 
Measures

Achieving and maintaining compliance with the FDA 
regulations may appear to be a daunting task. It will be if 
approached in a haphazard fashion. However, there are ways 
to approach designing and implementing a compliance 
system that can serve to achieve and maintain FDA compliance 
as well as elevate an ART program’s overall standards of care.

Once it is decided that compliance measures are neces-
sary, the ART program should take the following actions:

 1. Determine who has authority for decisions and actions

ART programs commonly have organizational structures 
and responsibility assignments for personnel that may differ 
from other fields. Regardless of the structure, it is crucial that 
the senior management of an ART program understands 
absolutely that FDA compliance is a serious matter and com-
municates this to personnel. If the Medical and Laboratory 
Director are not firmly committed to compliance, neither 
will their personnel be committed to it. A well-coordinated, 
team approach is important to achieving compliance. 
Definition and delegation of roles and responsibilities accord-
ing to specific areas of expertise is a critical component of a 
successful compliance program. A joint sense of ownership 
among the staff in the compliance effort is essential. Finally, 
it is vitally important to designate the ultimately “responsible 
person” as well as the specific areas and levels of authority 
and responsibility of other personnel.

 2. Develop an action plan

Establishing an action plan is one of the most effective 
ways of completing the design and implementation of a 
compliance system. Details include: (a) key action steps to 
be taken, (b) personnel responsible for enacting each step, 
and (c) specific, reasonable, and enforceable deadlines. 
Furthermore, an action plan is dependent upon the current 
level of compliance of an establishment.

 3. Putting the action plan into practice

After development and approval, the plan should be 
implemented systematically with enforceable deadlines. 
The most responsible person is ultimately at fault for 

non-compliance and, therefore, should drive the process, 
obtaining updates, and providing guidance and leadership 
when appropriate.

The following elements should be the fundamental first 
steps in initiating a plan for an ART program:

(a) Design and completion of the ART program’s policies 
and procedures manual. This is the most essential 
compliance tool for an ART program. This manual 
contains all policies, procedures, and forms appropri-
ate to cover the scope of the regulations. The manual 
may also include quality assurance information such 
as auditing, corrective, and preventative action 
(CAPA) programs, FDA inspection information, 
reference information, communication logs, con-
tracts etc. See Fig. 6.4 for helpful hints in designing 
an effective policies and procedures manual.

(b) Training of necessary personnel. Employees must be 
trained in the policies, procedures, and forms appropri-
ate to their position and training must be documented;

(c) Formal implementation of all policies and procedures 
(final release); and

(d) Conducting audits.

6.3.2  Putting It All Together: The FDA 
Compliance Cycle and How It All Fits

After the policies and procedures manual is approved, 
personnel are trained, and compliance procedures are in 
place, the program is not yet finished. Compliance comprises 
not only what is written in the policies and procedures 
manual, but it also, and most importantly, includes what is 
practiced. Compliance is not a single event. A “compliance 

Fig. 6.4 Helpful hints for designing an effective policies and procedures 
manual
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cycle” essentially never ends, but exists in a dynamic state 
(see Fig. 6.5).

If personnel do not implement the policies, procedures, 
and forms according to what is written in the manual, the 
establishment is out of compliance and at risk during an FDA 
inspection. Internal and/or external audits must be conducted 
to ensure that everything in the policies and procedures man-
ual has been and continues to be implemented properly. 
There have been cases in which an establishment found a 
serious breach, documented and attempted to correct it prior 
to an FDA inspection, and thus avoided an inspectional 
observation. However, the best way of dealing with potential 
violations is to prevent them from happening.

In order for an ART program to prevent the recurrence of 
problems, it must put in place a functioning plan of corrective 
and preventative actions. Corrective actions address violations 
that have occurred, i.e., correcting signage of a document, 
rescreening or testing of a donor or correcting a chart notation. 
After corrective actions have been taken, preventative actions 
must be employed to decrease the likelihood of these issues 
recurring. This may include enacting new policies and 
retiring old ones, modifying procedures or forms, changing 
existing documentation in the compliance manual and 
retraining of personnel.

6.3.3  Handling an FDA Inspection

When an ART program finds itself in the unhappy position of 
facing an FDA inspector at its door for the first time or yet 
again, it will realize that an inspection can be extremely 
disruptive – especially for those directly involved in the 
inspection. In dealing with the anxiety of an inspection, it is 

important for ART program professionals to keep several 
points in mind:

First, there are several levels of enforcement that the FDA 
can take. These include an untitled letter, a warning letter, 
orders of retention, recall, destruction, and cessation of man-
ufacturing, and prosecution [31]. To this date, only a handful 
of establishments have been subject to any of these measures 
[32] and the regulation states that the “FDA will not issue an 
order for the destruction of reproductive tissue … nor will it 
carry out such destruction itself “[1271.440(f)].

Second, as discussed earlier, ART programs are currently 
subject to only the following portions of 21 CFR Part 1271: 
Subparts A, B, C, and 21 CFR 1271.150(c)(1) and 1271.155 of 
Subpart D [31]. Other sections are not applicable at this time.

Third, ART programs are not required to show financial 
and personnel records during an inspection [31].

Fourth, there are certain “hot spot” issues for the FDA 
that have been particular areas of concern [32, 33]. The 
majority of these areas are listed in Table 6.9.

The best way of dealing with an FDA inspection is to be 
prepared beforehand. The policy and procedure manual must 
be completed and personnel must be trained on the sections 
appropriate to them. All personnel, including those at the 
reception desk, have a role to play during an inspection. It is 
imperative that personnel know their individual roles and 
responsibilities when the time comes – from when the inspec-
tor first arrives, to when he or she finally leaves. Regular and 
consistent internal and/or external audits can make a tremen-
dous difference in discovering and correcting any breaches 
before the FDA arrives. Finally, mock inspections should be 

Fig. 6.5 The compliance cycle

Table 6.9 Some “Hot Spot” issues for FDA inspectors

Frequent inspection/audit issues founda Regulation cited

Failure to establish, maintain, document, review 
or revise donor eligibility procedures

1271.47(a)

Failure to perform a donor eligibility determina-
tion; not determined by a responsible person

1271.50(a)

Donors not screened appropriately for risk 
factors or clinical evidence through review 
of medical records

1271.75(a)

Failure to perform abbreviated donor screen 
when required

1271.75(e)

Incorrect timing of specimen collection 1271.80(b)
Failure to use FDA licensed/approved/cleared 

test kits for testing or failure to follow 
manufacturer’s instructions

1271.80(c)(

Failure to ensure compliance of establishments 
performing manufacturing steps under 
contract or other agreement

1271.150(c)(1)(iii)

Failure to complete all testing before determining 
donor eligibility

1271.50

Failure to determine donors ineligible after 
positive test results

1271.80(d)(1)

Failure to test for all relevant communicable 
diseases

1271.85(c)

aAdapted from FDA presentations [32, 33]
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performed to test the compliance measures the ART program 
has put in place and to determine how personnel respond 
under realistic conditions.

6.4  Case Studies

The successful application of the regulations to daily practice 
is the ultimate goal. Often, the best way to illustrate this is to 
address various donor-related situations and describe how 
each is managed in terms of donor eligibility steps and 
handling of tissue. Several theoretical cases typical of ART 
programs are outlined in the following section. These cases 
illustrate typical situations and how to handle them in a 
successful and compliant manner.

6.4.1  Example 1: Anonymous Oocyte Donor

6.4.1.1  Donor Situation

A sexually intimate couple used an anonymous oocyte • 
donor and the male SIP’s sperm to create embryos for a 
fresh IVF cycle.
The anonymous oocyte donor was fully screened: a donor • 
medical history questionnaire and a donor physical. No 
medical records were supplied.
The donor had initial infectious disease testing prior to • 
the 30-day window before oocyte retrieval. This round of 
testing did not include HIV-1/Hepatitis C NAT testing. 
All tests returned negative or non-reactive results.
The donor did have infectious disease testing at the start • 
of her stimulation medications that included all necessary 

tests (including HIV-1/Hep C NAT) that were required 
within 30 days of oocyte retrieval.

• At the time of oocyte retrieval, not all test results were 
received (HIV-1/HCV NAT results). However, negative 
results were obtained before the transfer.

•	 The male SIP was not screened (the FDA regulations do 
not require it) and was tested for HIV-1&2 Ab, Hep B 
Surface Antigen, and Hep C Ab. Results were negative.
Extra embryos were available for cryopreservation and the • 
SIP couple chose to store these embryos for future use.

6.4.1.2  Donor Eligibility/Transfer/Labeling/Tissue 
Handling

A donor eligibility determination was performed on the • 
anonymous oocyte donor; the male SIP was exempt.
Since the HIV-1/HCV NAT test results were not yet • 
obtained, a donor eligibility determination could not be 
performed at retrieval. Therefore, the resulting oocytes 
(and embryos) were put into Quarantine.
As soon as the test results were obtained, the donor was • 
determined “eligible”, the embryos were released from 
quarantine and the transfer performed.
Extra embryos that were cryopreserved were labeled with • 
the following: (1) “NOT EVALUATED FOR INFECTIOUS 
SUBSTANCES”; and (2) “Warning: Advise recipient of 
communicable disease risks” (both due to the male SIP).

6.4.2  Example 2: Directed Sperm Donor

6.4.2.1  Donor Situation

A sexually intimate couple used the female SIP’s oocytes • 
and a directed donor’s sperm (relationship: brother to 
male SIP) to create embryos for a fresh IVF cycle.
The directed sperm donor was fully screened: donor • 
medical history questionnaire and a donor physical admin-
istered by the donor’s primary care physician. Previous 
medical records were supplied for review.
The donor produced a backup sperm sample before the • 
start of the IVF cycle; he was subjected to full infectious 
disease testing at the time he produced his semen sample. 
All results were negative, except that the donor tested 
positive/reactive for Hepatitis B Surface Antigen and 
CMV total.
Additional follow-up CMV testing was performed that • 
specified the donor was CMV IgG positive/IgM negative.
The donor was tested again for all infectious diseases • 
within 7 days prior to producing his fresh semen sample 
on the day of the recipient’s oocyte retrieval. All results 

Table 6.10 Selected FDA web resources

FDA web resource URL

Center for biologics evaluation 
and research: tissues

http://www.fda.gov/cber/tiss.htm

Guidances & rulings http://www.fda.gov/cber/tissue/docs.
htm

Registration documents http://www.fda.gov/cber/tissue/
tisreg.htm

Registered establishment 
search

http://www.fda.gov/cber/tissue/
tissregdata.htm

Listserve to sign up for updates http://www.fda.gov/cber/pubinfo/
elists.htm

Donor screening tests for 
testing HCT/P donors

  Includes Chlamydia, 
Gonorrhea CMV and 
Syphilis tests

http://www.fda.gov/cber/tissue/prod.
htm

  Other living donors http://www.fda.gov/cber/products/
testkits.htm

http://www.fda.gov/cber/tiss.htm
http://www.fda.gov/cber/tissue/docs.htm
http://www.fda.gov/cber/tissue/docs.htm
http://www.fda.gov/cber/tissue/tisreg.htm
http://www.fda.gov/cber/tissue/tisreg.htm
http://www.fda.gov/cber/tissue/tissregdata.htm
http://www.fda.gov/cber/tissue/tissregdata.htm
http://www.fda.gov/cber/pubinfo/elists.htm
http://www.fda.gov/cber/pubinfo/elists.htm
http://www.fda.gov/cber/tissue/prod.htm
http://www.fda.gov/cber/tissue/prod.htm
http://www.fda.gov/cber/products/testkits.htm
http://www.fda.gov/cber/products/testkits.htm
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were received before embryo transfer and were negative, 
except for Hepatitis B Surface Antigen, and CMV total 
which were again positive.
The female SIP was not screened according to FDA • 
regulations, and she was only tested for HIV-1&2 Ab, for 
which results were negative.
Extra embryos were available for cryopreservation and the • 
SIP couple chose to store these embryos for future use.

6.4.2.2  Donor Eligibility/Transfer/Labeling/Tissue 
Handling

A donor eligibility determination was performed on the • 
directed sperm donor. Medical records were reviewed. 
The female SIP was exempt.
At the time the donor produced • either of his semen 
samples, the samples were put into Quarantine until all 
screening and testing results were returned.
According to the ART program’s SOP on CMV, the donor • 
was eligible to donate since follow-up CMV testing indicated 
the donor was CMV IgG positive only.
The donor was determined “ineligible” due to the positive • 
Hepatitis B Surface Antigen test and the embryos were 
released from quarantine.
The female recipient was subjected to the informed con-• 
sent process and gave documented consent before the 
embryos were transferred.
Extra cryopreserved embryos were labeled as follows: (1) • 
“NOT EVALUATED FOR INFECTIOUS SUBSTANCES” 
(due to female recipient); (2) “Warning: Advise recipient 
of communicable disease risks” (due to female recipient 
and directed sperm donor); (3) the Biohazard legend (due 
to directed sperm donor); and (4) “Warning: Reactive Test 
Results for Hepatitis B Surface Antigen” (due to directed 
sperm donor). NOTE: The FDA does not consider CMV a 
relevant communicable disease Therefore, no labeling 
relating to CMV was required.

6.4.3  Example 3: Gestational Carrier/
Anonymous Oocyte Donor; Fresh Cycle

6.4.3.1  Donor Situation

A sexually intimate couple from England wanted to pursue • 
a fresh IVF cycle with a known gestational carrier from 
an agency, but they needed to use an anonymous oocyte 
donor. They wanted to use the male SIP’s sperm.
The anonymous oocyte donor was fully screened and • 
tested with all negative results obtained before oocyte 
retrieval. The donor was determined to be eligible.

The male SIP, now considered a directed sperm donor, • 
was fully screened and tested. Test results were obtained 
and results were negative. All screening results were 
acceptable, except one indicating a risk for Creutzfeldt-
Jacob Disease (CJD).
Extra embryos were available for cryopreservation.• 

6.4.3.2  Donor Eligibility/Transfer/Labeling/Tissue 
Handling

A donor eligibility determination was not required of the • 
gestational carrier.
A donor eligibility determination was required for both • 
the anonymous oocyte donor and the male SIP (directed 
sperm donor) since the intent was to transfer the resulting 
embryos to a gestational carrier.
After the male SIP (directed sperm donor) produced his • 
semen sample, it was put into Quarantine until all screening 
and testing results were returned.
The anonymous oocyte donor was determined “eligible”. • 
However, the male SIP (directed sperm donor) was deter-
mined “ineligible” since the FDA has deemed England is 
unacceptable as country of origin due to the occurrence of 
Bovine Spongiform Encephalitis (BSE), which includes 
risks for CJD. This reason was noted on the eligibility form.
Since the relationship of the gestational carrier (recipient) • 
to the male SIP (directed sperm donor) was known and the 
male SIP was ineligible, the ART program explained to the 
carrier the risks associated with CJD and obtained from  
the carrier informed consent to allow the embryo transfer. 
After consent was obtained, the embryo transfer did occur.
Any extra embryos cryopreserved were labeled as follows: • 
(1) “Warning: Advise recipient of communicable disease 
risks” (due to the male SIP/directed sperm donor); and (2) 
the Biohazard legend (due to the male SIP/directed sperm 
donor).

• Notes and variations on this case: Note that if the gesta-
tional carrier/male SIP relationship were not “directed” 
(meaning “known”), then the male SIP would have been 
considered an anonymous sperm donor and the embryo 
transfer could not have occurred.

6.4.4  Example 4: Embryo Donation;  
Third-party Mixed Embryos

6.4.4.1  Donor Situation

An SIP couple had cryopreserved embryos from a previous • 
IVF cycle. They had used an anonymous oocyte donor and 
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the male SIP’s sperm with the female SIP as the recipient. 
They wanted to donate their embryos anonymously.
The anonymous oocyte donor was fully screened and • 
tested with all negative results obtained and was deter-
mined “eligible” for the cycle the embryos were created.
The male SIP was tested originally for HIV-1&2 and • 
Hepatitis B Surface Antigen using a non-FDA registered 
laboratory; results were negative. He had no further tests 
and was not screened at the time of the cycle.

6.4.4.2  Donor Eligibility/Transfer/Labeling/Tissue 
Handling

A donor eligibility determination per se • was not required 
for this situation. However, appropriate measures should 
have been taken to screen and test the male SIP.
The male SIP was later screened and tested, but for one • 
exception. In this case, ART programs are not required to 
test for Chlamydia trachomatis or Neisseria gonorrhea 
since the FDA has determined that testing for these dis-
eases at this point “… would not provide information 
about the status of the donor(s) for these agents at the time 
of the earlier cryopreservation” [34]. All results were 
negative.
The embryo labeling was changed to: “Advise recipient • 
that screening and testing of the donors were not per-
formed at the time of cryopreservation of the reproductive 
cells or tissue, but have been performed subsequently.”
The recipient was notified that the anonymous oocyte • 
donor, had been screened and tested at the time of the 
cycle and the label ONLY applied to the male SIP.

6.5  Conclusions

The regulatory environment, like the field of medicine, 
is forever changing. New guidances, interpretations, and 
issues will continue to develop over time. As mentioned in 
this chapter, although ART programs are not presently sub-
ject to most Current Good Tissue Practices and Additional 
Requirements (Subparts D and E of 21 CFR 1271), it is 
expected that these parts of the regulations will eventually be 
required – at least in some form. Additionally, it is possible 
that the regulations may be extended or have additions in 
the areas of screening and testing of gestational carriers. 
Finally, as more diseases are found to be “relevant” by 
the FDA, they will undoubtedly be added to the list of 
communicable diseases for which screening or testing may 
be required of donors.

In the short term, some ART programs have decided to 
limit their donor program offerings, based on the complicated 

and time-consuming nature of implementing an FDA 
compliant program. This may limit access to treatment for 
some patients. Others have retained their programs but have 
limited the number of donor cycles they perform. Still, 
others have not decreased their volume at all and continue as 
before. In the long term, it is uncertain how the regulations 
will ultimately affect ART programs. What is certain is that the 
FDA regulations are here to stay. The regulatory environment 
for ART programs has been changed forever.
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Abstract Infertility, besides being a medical condition, 
is a social situation. Infertility is a low-control, chronic 
stressor with severe long-lasting negative social and psycho-
logical consequences. Achieving a pregnancy/delivery after 
assisted reproduction technology treatment is associated 
with increased mental well-being. Treatment failure is asso-
ciated with increased levels of anxiety and depression dur-
ing the treatment period and after end of treatment. It is still 
unclear whether depression and/or fertility problem stress 
is related to treatment outcome. Some infertile couples 
experience marital benefit, i.e., that the infertility brings 
the partner closer together and strengthens their marriage. 
Appraisal-oriented coping strategies including emotional 
coping are predictors of lower fertility problem stress. 
Long-term studies among involuntary childless women in 
previous unsuccessful treatment show that although most 
adjusted well psychologically the childlessness was a major 
life theme. Fertility patients are, in general, satisfied with 
fertility treatment. However, the satisfaction ratings are in 
general higher with the medical care than with the patient-
centered care. Fertility patients express a need for oral and 
written information about treatment as well as psychosocial 
consequences of infertility and for improvements in patient-
centered care and access to professional psychosocial 
services if needed. Drop-out rates of treatment are high and 
are mostly related to the psychological burden. In order to 
decrease drop-out rates, and hence increase delivery rates 
after fertility treatment, it is important to further develop 
user friendly treatment programs.

Keywords Psychosocial aspects of infertility • Self-esteem 
• Relationship • Depression • Anxiety • Coping strategies • 
Marriage

7.1  Introduction

The far majority of young people intend to become parents 
in the future. Some of them will later experience infertility in 
one or more periods in their life, and on average 56% (range 
42–76.3%) of infertile couples in developed countries have 
sought medical advice [1]. For most couples, the infertility is 
unexpected. For many couples, infertility causes a serious 
strain on their interpersonal relationship, as well as personal 
distress, reduced self-esteem, and loss of the meaning with 
life [2]. Besides being a medical condition, infertility is also 
a social situation. One of the important challenges infertile 
couple faces is learning how to manage infertility and treatment 
in relation to oneself, with the partner and in the different 
social arenas (family, friends, coworkers) [3]. As some of the 
psychological consequences of infertility and its treatment 
are different in different cultures [4, 5], this chapter focuses 
on studies from industrialized, Western countries.

7.2  Distress and Marital Benefit

7.2.1  Fertility Problem Stress

Fertility problem stress is related to the strains infertility and 
its treatment produce in the personal, social, and marital 
domains [2, 3, 6, 7]. In order to measure stress specifically 
related to infertility, it is therefore important to use instruments 
specifically developed to measure this specific stressor, e.g., 
the instruments developed by Abbey et al. [6]; Newton et al. 
[8]; Schmidt [3].

Infertility and its treatment are low-control stressors; that 
is, stressful situations in which the infertile couple can do 
little or nothing to influence the nature or the outcome of 
their situation [9]. Further, infertility is a chronically stressful 
situation, a nonevent transition [10]. Chronic stressors develop 
slowly as continuous and problematic conditions in our 
social conditions or social roles [11].
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Jacob et al. [12] compared fertility-specific stress in a 
population-based sample among US women. Self-identification 
as infertile was the largest source of fertility-specific stress 
when compared to women with other fertility problems.

7.2.2  Anxiety and Depression

7.2.2.1  Before Treatment

Studies using standardized measures of general psychological 
distress have shown that either clinical samples of infertile 
couples differ moderately from norms overall, or they differ 
on subscales related to interpersonal sensitivity and depres-
sion [2]. A more recent review covering the last 25 years 
research on women in IVF-treatment [13] showed that before 
treatment, in general, female fertility patients did not differ 
from norm groups with respect to depression levels. Some 
studies showed elevated levels of state anxiety among women 
starting IVF, while other studies found no difference when 
comparing to norm groups. Fekkes et al. [14] measured both 
general and infertility-related emotional problems and found 
no differences when comparing with norm groups on the 
general instruments, but a higher level of emotional complaints 
for the fertility-related measures. Further, an intense focus 
on having a child was related to less optimal emotional and 
psychosocial functioning. In Newton et al.’s study [8] among 
couples referred to fertility treatment, symptoms of depression 
were more highly associated with social, sexual, and relation-
ship concerns than with the need for parenthood.

Most studies measuring anxiety among infertile couples 
are based only on couples who had sought fertility treatment. 
However, King [15] reported, from a representative population-
based sample, that subfecund women were having significantly 
more symptoms of anxiety. This association did not change 
when analyses were controlled for having sought medical 
treatment recently.

7.2.2.2  During and After Treatment

Among women undergoing their first IVF treatment attempt, 
emotional well-being after the treatment attempt was worse 
among those who had not achieved pregnancy when com-
pared with those who became pregnant [16]. On the basis of 
a review of longitudinal studies among women in IVF treat-
ment with pre- and posttreatment measures of depression and 
anxiety, Verhaak et al. [13] reported that depression levels 
increased after one or more unsuccessful treatment cycles 
with a significant interaction effect between time and treatment 
outcome. On the other hand, Boivin et al. [17] reported, on 
the basis of a cross-sectional study, that women with high 

amounts of treatment failures reported less stress than women 
with a moderate amount of treatment failures.

Only one prospective cohort study among women and 
their partners in IVF-treatment investigated anxiety and 
depression during treatment and 6 months after their last 
treatment cycle [18]. Women showed an increase in both 
anxiety and depression after treatment without having 
achieved a pregnancy and showed no recovery at the 
6-months follow-up. At this point in time, >20% of the 
women showed subclinical forms of depression and/or anxi-
ety. Women who achieved a pregnancy after treatment 
reported a decrease in anxiety and depression levels. Men 
showed no significant changes in anxiety and/or depression 
during treatment and at 6-months after end of treatment 
either among the successful or unsuccessful group.

7.2.2.3  Depression and Treatment Outcome

It is still not clear whether depressive symptoms among 
women in treatment are a predictor of a lower chance of 
achieving a delivery after fertility treatment. According to a 
recently published review, many studies, but not all, have 
found that depressive symptoms may decrease success rates 
of assisted reproduction treatment [19]. On the other hand, 
de Klerk et al. [20] found that women less negative at 
baseline at start of treatment had a decreased chance of a live 
birth after first IVF cycle when compared to women with 
more pronounced negative feelings.

7.2.3  Marital Benefit

Previous qualitative interview studies have shown that infer-
tility can bring the partners closer together and strengthen 
the marriage [21–23]. We have termed this positive effect of 
infertility among couples as a marital benefit. Among 2,250 
people initiating fertility treatment, 25.9% of the women and 
21.1% of the men reported high marital benefit [24]. 
Longitudinal analyses at 1-year follow-up among those who 
had not become parents after ART treatment showed among 
men that high use of meaning-based coping (e.g., have grown 
as a person in a good way, think about the infertility problem 
in a positive light) was a significant predictor of high marital 
benefit. Significant predictors of low marital benefit were not 
disclosing infertility to others, having difficulties in partner 
communication, and high use of active-avoiding coping (e.g., 
turning to work or substitute activity to take mind off things). 
No significant predictors among women were identified. 
Similarly, Holter et al. [16] found among couples in IVF/
ICSI treatment, a majority reporting that treatment had 
affected their partner relationship to the better.
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7.3  Predictors of Stress

7.3.1  Coping

The use of different coping strategies and its effect on fertility 
problem stress or distress in general have been studied both 
in short-term and long-term longitudinal studies with pre- and 
posttreatment measurements of the coping strategies used. 
Terry and Hynes [9] found among women in IVF treatment 
that problem-appraisal coping strategies (e.g., trying to step 
back and be more objective, trying to see the positive side of 
the situation) were predictive of better adjustment, and 
approach-oriented coping (including problem-focused coping, 
emotional processing, and expression) were related to lower 
distress [25]. Schmidt et al. [26] found that among men, 
active-confronting coping (e.g., letting feelings out some-
how, accept sympathy and understanding from someone, ask 
others for advice, talk to someone about emotional reactions) 
was a significant predictor of low fertility problem stress in 
the marital domain.

Conversely, longitudinal studies have shown that avoidance 
or escape coping was a predictor of poor adjustment to infer-
tility [9] and of increased stress after one treatment attempt 
[25]. Further, high use of active-avoidance coping (e.g., 
avoiding being with pregnant women, leaving when people 
are talking about pregnancies and deliveries, turn to work or 
substitute activity to take mind off things) among men and 
women initiating fertility treatment was at 1-year follow-up 
a significant predictor of high fertility problem stress in the 
personal domain and the social domain [26].

Peterson et al. [27] found among couples seeking fertility 
treatment that both women and men who engaged in a dispro-
portionate degree of escape/avoidance, coping and accepting 
responsibility for infertility, were more vulnerable to symptoms 
of depression. Further, these coping strategies were positively 
associated with infertility stress [28]. In line with this, Lechner 
et al. [29] found among definite childless couples that a passive 
coping style was positively associated with health complaints, 
depression and anxiety.

7.3.2  Infertility-Related Communication

7.3.2.1  To Other People

Most infertile people talk to other people about their situation 
and women disclose to more people than men [3, 30–32].

Van Balen and Trimbos-Kemper [31] found in a cross sec-
tional study that among men, nondisclosure was associated 
with lower well-being. On the other hand, Schmidt et al. [26] 
found in a longitudinal study that neither among men nor 

women keeping the infertility a secret at inclusion of the study 
was a predictor of high fertility problem stress at the 1-year 
follow-up among those not having achieved a pregnancy or 
delivery after ART. Disclosure when initiating treatment was 
in Schmidt’s study [3] separated in a formal strategy when 
only formal information were shared with others (e.g., kind 
of treatment, number of eggs retrieved) and an open-minded 
strategy when both formal information and emotional reactions 
of the infertility experience were shared. When comparing 
the formal strategy with the open-minded strategy at start of 
treatment with odds ratios of reporting high fertility problem 
stress at 1-year follow-up, these odds ratios were in all three 
domains (personal, marital, social) for both men and women 
insignificantly above 1.00. This indicated a consistent pattern 
of an increased risk of high fertility problem stress among 
those participants who did talk to other people but without 
communicating how they experienced the emotional conse-
quences of infertility and its treatment [26].

7.3.2.2  To the Partner

Most people in fertility treatment do not find it difficult to talk 
with their partner about infertility and its treatment [3, 16]. 
However, at start of treatment, 26.9% of the women and 
22.0% of men reported difficulties in infertility-related partner 
communication in a large prospective cohort study [3]. 
Difficulties in partner communication was in the longitudinal 
analyses a significant predictor of having high fertility problem 
stress in both the personal, the marital, and the social domain 
at 1-year follow-up [26]. Pasch et al. [33] found that it was 
the husbands’ involvement alone that predicted wives seeing 
an overall negative effect of infertility on the marriage. 
Husbands, who saw having children as important and were 
involved in trying to have a baby, expressed less negative 
effect on marital communication, and wives perceived then a 
more positive effect of infertility on their marriage.

One of the important functions of marriage is giving and 
receiving emotional support. Abbey et al. [34] showed that 
increased received emotional support from the partner was 
related to increased marital life quality for both men and 
women. Studies using standardized measures for marital sat-
isfaction tended to find high marital satisfaction among 
infertile couples in treatment or even higher measures when 
compared to noninfertile groups [2].

7.3.3  Treatment Failure

As mentioned earlier, longitudinal studies with pre- and 
posttreatment measurements find that not achieving a preg-
nancy after a treatment attempt is a predictor of increased 
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levels of anxiety and depression and a decreased level of 
lower emotional well-being [16, 35]. The negative effects 
of unsuccessful treatment on well-being is either most 
pronounced among women when compared with the men 
[16] or only identified among women [18]. A recent study 
compared the psychological impact of treatment failure 
among women in mild vs. standard IVF treatment [36]. 
Women experiencing treatment failure after a standard IVF 
treatment reported significantly more symptoms of depres-
sion 1 weak after treatment termination when compared with 
women with treatment failure after mild IVF treatment. 
A randomized study comparing mild IVF treatment with 
standard IVF treatment showed no differences in 1-year cumu-
lative rates of term live births [37].

7.4  Stress and Treatment Outcome

It is still not clear whether high level of fertility problem 
stress is a predictor of lower chance of achieving a preg-
nancy after fertility treatment. Boivin and Schmidt [38] 
found that higher levels of fertility problem stress at start of 
treatment was a predictor among both women and men for 
poorer treatment outcome. This effect was most pronounced 
for fertility problem stress in the marital and social domain. 
On the other hand, other studies have found no association 
between level of stress and treatment outcome [39, 40]. 
Smeenk et al. [41] studied the association between the con-
centration of urine adrenalin and self-reported stress levels. 
They found that urine adrenalin level was positive, associ-
ated with the level of depressive symptoms, and suggested 
that this hormone could be a link between the complex 
pattern between psychosocial stress and treatment outcome. 
Further, a recent review of mood disorders and fertility [19] 
suggested that fertility treatment independently may “influence 
mood through their effects on estrogen and progesterone, 
which have been shown to influence mood on their actions 
on serotonin.” It is concluded that future studies are necessary 
in order to investigate the complex relations between mood 
disorders and fertility.

7.5  Social Stigmatization

Stigma is a negative sense of social difference from 
others. Infertility is potentially stigmatizing [32, 42, 43]. 
In general, infertile people find that most other people are 
supportive, but infertile women have also reported their 
experiences of receiving unsupportive reactions from others 
[42]. Mindes et al. [44] showed in cross sectional analyses 

that receiving infertility-specific unsupportive responses were 
positively associated with poorer psychological adjustment. 
However, in the longitudinal analyses, the unsupportive 
reactions predicted depressive symptoms and overall psy-
chological distress only among those women who remained 
infertile at the follow-up 6–12 months later.

The perceptions of stigma for both men and women are 
related to low social support [32]. For men, stigma was linked 
to disclosure and support and to higher fertility-related and 
generic stress. Disclosure was not associated with increased 
support. For women, more disclosure was a predictor of 
higher generalized stress.

7.6  Mental Well-Being after Having 
Achieved Pregnancy/Delivery

Short time longitudinal studies reported that emotional 
well-being increased both among women and men when the 
woman had achieved a pregnancy after treatment [16]. 
On the other hand, Verhaak et al. [18] reported a decrease in 
anxiety and depression only among the women who achieved 
an ART-pregnancy and no changes in anxiety and/or depres-
sion were observed among the men.

Repokari et al. [45] conducted a large 1-year follow-up 
study comparing couples with IVF/ICSI singletons with 
couples having spontaneous singleton pregnancies when the 
children were 2 months (T2) and 12 months old (T3). There 
were no between-group differences in dyadic cohesion or 
marital satisfaction. However, dyadic cohesion deteriorated 
between T2 and T3 among control women, and depression 
during pregnancy was only a predictor of deteriorated 
marital relations in the control group. Further, sexual 
affection was low among control men at T2. The authors 
concluded that successful ART did not constitute a risk 
factor for infertility, and that the shared stress of infertility 
may even stabilize marital relationships. These findings 
support the previous findings in some studies that infertile 
couples initiating treatment report higher levels of marital 
satisfaction when compared with norm groups [2], indicating 
that there could be a selection bias in that infertile couples 
having strong marriages, to a larger extent, seek medical 
treatment.

7.7  Long-Term Adjustment to Childlessness

Those couples who had longed for parenthood and 
who had tried to achieve pregnancy and delivery with 
fertility treatment maybe for many years will sense a loss. 
Lechner et al. [29] investigated women and men who 
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had acknowledged their definite involuntary childlessness. 
Involuntarily childless women reported more health com-
plaints, more anxiety and depression symptoms, and 
more complicated grief when compared with the general 
population.

In a study investigating women 2–3 years after they 
having ceased IVF treatment [46], the women who had not 
achieved a delivery scored significantly lower on satisfaction 
with life when compared to the women who had become 
mothers. There were no differences between the groups 
regarding marital satisfaction or general health.

Peddie et al. [47] interviewed women who had decided to 
end fertility treatment after not having achieved a pregnancy 
after IVF treatment. It was difficult for the women to accept 
that their infertility remain unresolved and many felt vulner-
able to the pressures of the media and society. Daniluk [48] 
interviewed prospectively with 10-months intervals infertile 
couples who had stopped to trying to get pregnant. She found 
that in the beginning, the couples experienced a relief having 
stopped treatment. Later, the couples attempted to make 
sense of their lost years and began to reenvision their lives. 
Thirty-two months after having ended the unsuccessful treat-
ment, most of the participants were more comfortable with 
themselves and with their relationships. Nearly 40% had 
decided to remain childless, while 60% had decided to adopt 
a child.

Verhaak et al. [35] investigated couples in IVF treatment 
from start of treatment to the final fourth data collection 3–5 
years after last treatment cycle. Results among those women 
not having achieved a live born child showed that anxiety 
and depression at the last follow-up returned to baseline 
values. Those women who focused on new life goals showed 
lower levels of anxiety and depression when compared with 
those women who persisted to become pregnant.

Wirtberg et al. [49] interviewed involuntary childless 
women 20 years after their unsuccessful fertility treatment. 
For all participants, the childlessness had a strong impact on 
the women’s lives and was a major life theme. Nearly all the 
women reported that they had: felt inferior to other women, 
lacked self-esteem, and felt socially isolated during the years 
they had tried to conceive. For half of the women, the feeling of 
social isolation had persisted. The feeling of isolation became 
stronger as their peer group reached grand-parenthood. In all 
but one, sexual life was affected in a negative and long-
lasting way. Sundby et al. [50] reported in a study among 
women in IVF treatment 10 years earlier, that two-thirds of 
the female participants experienced infertility as one of the 
worst and most stressful episodes in their life. Ten years 
posttreatment, 82% of the participants were living with and 
responsible for one or more children, and around 50% 
reported that infertility was now something in the past. 
However, most of the women still found it difficult to talk 
about this period in their life.

7.8  Fertility Patients’ Needs

7.8.1  Expectations to Treatment

Expectations to treatment have been measured in a large 
consecutive sample (n = 2,250) of new fertility couples 
immediately before initiating the first treatment cycle [51]. 
Almost all participants rated medical care as explanation of 
test results and in person explanations of treatment options 
as important. Most women and men (82.0% vs. 75.7%) found 
it important to receive written treatment information. Further, 
most women and men found patient-centered care important 
(clinical staff showing concern and understanding) and 
around half of the participants rated it as important to receive 
written information about the psychosocial aspects of infer-
tility and its treatment. Among women 9–19% would have 
attended specifically professional psychosocial services if these 
services had been available (a course about childlessness; a 
support group; individual sessions with a psychologist or 
with a sex therapist), whereas 4–9% of the men would have 
attended these services. Both among women and men, higher 
levels of fertility problem stress was significantly associated 
with higher importance ratings of patient-centered care and 
professional psychosocial services.

Glover et al. [52] asked 29 men attending a specialist male 
infertility clinic about their expectations and motivations for 
seeking treatment. The most important reason was to increase 
their partner’s chance of conceiving. Further, 75–88% of 
men expected general information as well as information 
about their specific problem, discussion of possible alter-
natives, having their questions answered, and help with 
decision-making. Finally, 52% found it important to be able 
to discuss their feelings about their infertility and the way in 
which it was treated.

7.8.2  Evaluation of Treatment

A study among women having delivered after ART treatment 
[53] found that the women wished to be treated with respect 
and dignity and given appropriate information and support. 
The women wanted their distress to be recognized, to feel 
cared for and to have confidence in health professionals in 
situations where outcomes are uncertain. In line with this, 
Malin et al. [54] reported that among women in previous 
fertility treatment, the most positive treatment experience 
was respectful, empathic and personal care from the doctor. 
Leite et al. [55] investigated women’s interaction with their 
physician during an infertility consultation. Four physicians’ 
communicative behaviors showed significant differences in 
the general satisfaction scores: introducing oneself, setting 



98 L. Schmidt

the main reason for the visit, providing information about the 
treatment procedures, and asking whether the patient had 
other issues or concerns.

Medical care includes, for example the staff’s technical 
skills and preparation for examinations and treatment. In 
general, both men and women are satisfied with the quality 
of medical care at the fertility clinics [56]. Having achieved 
a treatment-related pregnancy and/or delivery was associated 
with greater satisfaction ratings [46, 56, 57]. Souter et al. 
[58] reported that only a third of women in fertility treatment 
had received any written information and 78% would like 
receiving more literature.

Patient-centered care is the routine psychosocial care 
provided by all members of the staff, for example that staff 
listen to the patient [59]. In the largest and most recent 
prospective satisfaction study [56], satisfaction ratings 
with both medical care and patient-centered care were high. 
In both men and women, high marital benefit was a significant 
predictor of higher satisfaction ratings. Among women, a 
high level of fertility problem stress was a significant predictor 
of lower satisfaction ratings.

In all other studies, satisfaction ratings with patient-centered 
care were lower than ratings with medical care. Infertile couples 
expressed the wish for a more couple-centered approach [22, 
58, 60], for more emotional advice and support [46, 57, 58], 
for counseling about when to stop treatment [46], and informa-
tion about alternative ways to become parents (e.g., adoption) 
[22, 61, 62].

7.9  Drop-Out of Fertility Treatment

It has been shown that couples in fertility treatment fre-
quently decide to end treatment while treatment options still 
exist. In a study from Sweden, where fertility treatment is 
subsidized 54% of the couples decided to discontinue subsi-
dized treatment of their own will [63]. In UK also, up to three 
attempts are offered on National Health Service Funding, 
even though drop-out rates were 25% after the first treatment 
cycle and 33% after the second cycle [64]. The psychologi-
cal burden and lack of success are important self-reported 
reasons for discontinuation of treatment [63–65]. In a pro-
spective cohort study among women in IVF/ICSI treatment 
[66], treatment drop-out was also related to psychological 
factors. Further, the group that discontinued treatment after 
their first treatment cycle showed higher scores pretreatment 
on depression and anxiety.

It is of importance to decrease high drop-out rates in order to 
increase the probability for the couple to achieve a delivery as 
multiple attempts improve the pregnancy rate. One of the pos-
sibilities is to further develop user friendly treatment guides 
in order to lower the psychosocial stress related to ART.

7.10  Effects of Psychosocial Interventions

In a review of psychosocial interventions in infertility,  
Boivin [67] identified 25 independent evaluation studies. 
Psychosocial interventions were more effective in reducing 
negative affect than in changing interpersonal functioning. 
Further, group interventions that emphasized education and 
skills training were significantly more effective in produc-
ing positive changes than counseling interventions 
emphasizing emotional expression and support and/or dis-
cussion of infertility-related thoughts and feelings. Schmidt 
et al. [68] evaluated a communication and stress management 
training program for couples in fertility treatment, and found 
that the participant perceived improvement in their compe-
tence to actively manage changes in marital communication 
and in communication in different social arenas.

De Liz and Strauss [69] conducted a review of 22 inter-
vention studies with psychotherapy. They concluded that 
group as well as individual/couple psychotherapy reduced 
anxiety and depression for infertile couples.

7.11  Clinical Recommendations

On the basis of the empirical literature, it is recommended 
that fertility clinic staff:

Treat the couple, not only one partner, as infertility is a • 
problem related to a couple
Offer high quality medical and patient-centered care• 
Medical care is defined as the personal explanation of test • 
results and treatment options including written treatment 
information from a respectful, empathic caregiver. Four 
behaviors were considered critical to patient satisfaction: 
introducing oneself, establishing the primary purpose of 
the visit, providing information about the treatment 
procedures, and asking whether the patient has other 
issues or concerns.
Patient-centered care is the routine psychosocial care • 
provided by all members of the staff and active listening 
and addressing specific concerns is considered foremost 
in this effort.
Inform the couple both verbally and in writing about the • 
treatment as well as the psychosocial consequences of 
infertility and treatment
Inform the couples about coping strategies and communi-• 
cation strategies that are predictors of high/low fertility 
problem stress and of high/low marital benefit
Further develop user friendly treatment in order to reduce • 
treatment drop-out and hence increase chances of achieving 
a delivery after treatment
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Provide access through referral or in-house professional • 
psychosocial services if the couple have a need for this 
service
Initiate termination of treatment after sufficient but unsuc-• 
cessful treatment and initiate discussions regarding future 
possibilities for achieving parenthood or future life goals 
other than parenthood
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Abstract Many clinics that offer in vitro fertilization (IVF) 
have begun to market the following options to couples: (1) an 
a la carte program where the couple pays $7,500 per attempt 
regardless of the outcome; or (2) a money-back-guarantee 
program where the couple pays a $15,000 fee that covers up 
to three attempts, however, if after three cycles there is no 
live-birth delivery, then the full $15,000 is refunded.

We assess the a la carte versus the money-back-guarantee 
programs, and find the surprising result that the money-back-
guarantee program appears (for the patients) to be “too good to 
be true.” That is, the money-back guarantee yields a substantial 
negative expected profit per couple for the clinics. More 
importantly, from the patients’ perspective, the money-back 
guarantee is the better option for all couples with less than 0.5 
success probability per cycle. Virtually, all traditional IVF 
patients have had per-cycle success probabilities below 0.5.

A detailed analysis of the key variables – i.e., success 
rate per attempt heterogeneity of couples’ rates of success, 
individual couples’ “learning” on successive attempts, and 
cost to the clinic per attempt – shows that these money-back 
guarantees are unprofitable for the clinics. Since presumably, 
clinics are not in business to lose money, the standard 
analysis must be missing something major. We suggest that 
the marketing of money-back guarantees is inducing couples 
who would previously have used – successfully – other less 
invasive procedures with fewer side effects and less risk of 
multiple births to decide to proceed directly to IVF, and that 
this scenario makes the money-back guarantees profitable 
for the clinics.

The implications of earlier use of IVF are then considered 
from an overall public policy point of view. Just as mothers 
everywhere tell their children, “When something looks too 
good to be true, then it is too good to be true!”

(Marketing; In Vitro; Assisted Reproduction; Health Care 
Marketing)

Keywords Marketing • Performance • Risk • Cost • IVF 
success • Cost effectiveness

Proof Note This chapter was published under the same title 
in Management Science, INFORMS 49 (12) Dec. 2003, pp 
1617–1635, and included with permission in this text because 
of its thoroughness in addressing money-back guarantees. 
While pregnancy rates, live-birth rates and charges have 
increased the principles have application in today’s environ-
ment. Patient’s can benefit from the information provided 
when weighing individual clinic payment options.

8.1  Introduction

In the two decades since the first “test tube” baby, in vitro 
fertilization (IVF) has become the “last best hope” for a child 
for hundreds of thousands of infertile couples. Typically, 
such a couple has already attempted natural conception, the 
use of fertility-enhancing drugs, and intrauterine insemina-
tion without success (see Fig. 8.1). Because IVF is rarely 
covered by health insurance in the United States [1, 2], 
assisted reproductive technology (ART) clinics are typically 
chosen by the couple, which would expect to pay between 
$7,000 and $10,000 for each in vitro attempt [3, 4]. The 
chance of a live healthy birth from that procedure has been 
20–25%. While the ART clinics may not use the language of 
marketing strategy, the evolution of this competitive service 
environment has led them to focus on two of the four major 
marketing decision variables: Product performance, and 
price. The other two marketing variables – promotion 
and place (distribution) – are important but have remained 
more stable and are managed consistently with other medical 
procedures. That is, promotional activities include rela-
tionships with hospitals and physicians, and brochures, 
informational presentations, and so on. Distribution decisions 
trade-off the customer convenience of multiple locations with 
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economies of scale with service provision from one or a few 
central locations.

From the customer (patient) standpoint, the most important 
product performance measure is the live-birth probability per 
initiated IVF cycle. One of our goals in this paper is to show 
what such performance measures say (and do not say) about 
a couple’s prospects for success with a particular clinic. To 
our knowledge, this kind of analysis has not been undertaken 
to date. We find that clinics do substantially differ from each 
other in the success rates that one can expect them to experi-
ence in the future. One-year success performance, however, 
provides a useful guide for the future for only about half the 
North American clinics. For the remainder, the average perfor-
mance across all clinics would be a better guide to their 
future than the clinic’s experience to date.

Price, the second marketing variable, has received even 
more attention. Since 1997, many ART clinics have begun to 
offer as an option to patients “money-back guarantees” – i.e., 
“a live baby or your money back,” in addition to the option of 
paying per cycle as above. For example, one Minnesota clinic 
has offered three IVF tries for approximately $15,000 with a 
guarantee to refund the fee if a live birth does not occur via 
these three attempts. More than 60 clinics are believed to 
offer similar incentives to prospective customers [5].

Understandably, this pricing innovation has attracted 
significant attention from consumers. In light of the medical 
decision context the complicated economic incentives for 
the ART clinics, the asymmetry in information between 
these clinics and prospective patients, the amounts of money 
involved, and the emotional state of some infertile couples, 
this pricing “innovation” has also generated controversy 
in professional publications [3, 6, 7] and in popular media 
[2, 5, 8].

In this paper, we show how to estimate the economic 
consequences of these guarantees for any clinic. Doing so 
requires knowledge of this clinic’s overall success rate and a 

stochastic model of IVF success for any given couple on suc-
cessive IVF attempts. The latter model will incorporate both 
heterogeneity in success rate across couples and the learning 
effect observed to occur across IVF cycles. Models to date in 
the literature have not captured these two effects.

We also analyze factors that affect the economics of the 
new money-back policies for clinics. Some of these factors 
are compatible with the goals of patients and others are not. 
Prospective patients may, through specific questioning, infer 
which factors are driving the pricing policy of a certain clinic. 
For clinic managers, our analyses provide a mechanism for 
integrating cost and history information to set a sensible 
pricing program.

Using an analysis of clinic performance statistics, and of 
patients’ success rates on successive IVF cycles, we show 
that these guarantees are “too good to be true.” Our analysis 
suggests that guarantees of the sort described above are made 
economically viable for clinics by pursuit of less-infertile 
couples who are in the beginning stages of fertility assistance, 
rather than using IVF as a “last resort” as had been the case 
previously. Specifically, we conclude that

 1. These guarantees – which are typically offered to all 
customers virtually – are not economically viable for the 
average clinic and the average couple.

 2. The guarantees, in fact, are not viable for most of the 
“better” clinics either and, in practice, are currently being 
offered by many “average” performing clinics.

 3. The guarantees are not made viable by the “economies of 
scale” in addition to the current customer base of a clinic.

 4. The guarantees are viable if new, relatively fertile couples 
are induced to proceed directly to IVF instead of trying 
natural conception or less invasive procedures. For these 
couples, on standard economic bases, these IVF “guaran-
tees” are not a good deal.

The next section describes the practice of IVF. This is 
followed by a straightforward economic assessment of 
the “money-back guarantee” for a typical clinic. Next, we 
examine two factors that might be imagined to explain 
such offers: Heterogeneity in clinic performance, and 
heterogeneity/learning effects for couples making succes-
sive IVF attempts. Finally, we consider the factor that does 
appear to be responsible for these offers: Targeting a new 
customer base characterized by higher IVF success rates.

8.2  The Prevalence and Practice of IVF

8.2.1  The Scope and Scale of IVF

During its 20 years of experience, IVF has gone from an 
expensive procedure available in a handful of clinics whose 
success rate was extremely low to one that is expensive, 

Fig. 8.1 Typical progression of assisted reproduction treatment. 
Conception rate (percent) per cycle using various treatments. (Note: 
conception rate does not equal live-delivery rate.) In later cycles the 
live-delivery rate is approximately 20% lower than the conception rate. 
Data from Hull, MGR. Infertility treatment: Relative effectiveness of 
conventional and assisted conception methods. Human Reproduction 
1992; 7:785–96
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widely accepted, available in numerous clinics, with a modest 
success rate. This, of course, can be seen as a glass either 
“half empty” or “half full.” In 1996, when the money-back 
guarantees at issue in this paper were being initiated, the 
approximate 300 clinics in the United States and Canada that 
performed IVF accounted for about 45,500 “standard” IVF 
cycles, i.e., cycles using fresh, nondonor eggs [9]. The num-
ber of babies born as a result was about 10,000 in 1996. Thus, 
more than 35,000 of the 45,500 IVF cycles failed to produce 
a live birth; but approximately 10,000 couples achieved at 
least one child – an outcome highly unlikely in the absence 
of the IVF procedure. (The natural-conception birth rate per 
cycle for couples classified as infertile is about 1.6% [10].)

8.2.2  IVF Decision Process for Patients: High 
Risk, High Return, and When to Stop?

The most meaningful measure of success for each in vitro 
cycle started is the live-birth probability. This success rate 
has increased from 6% in the early 1980s to about 22% in 
1996 when money-back guarantees were being planned by 
clinics to 25% by 1999, the most recent data available [9, 
11–13]. Taking into account the typical number of IVF cycles 
pursued by a couple, however, more than half of them 
complete their attempts at IVF without taking a child home.

Accompanying each IVF cycle’s uncertain outcome is a 
substantial cost typically in the range of $7,000–$10,000. 
Couples often pursue multiple IVF cycles if needed, so a 
total cost in the range of $10,000–$30,000 is common. In 
some European countries, national health insurance pays for 
a certain number of IVF tries, but coverage of IVF by U.S. 
health insurers is usually limited (e.g., one cycle) or more 
often nonexistent [14–16]. As a result, most U.S. couples 
considering IVF are placing the largest-scale single economic 
gamble of their lives. That is, they may make a few investment 
decisions involving more money (e.g., a home purchase) but 
none whose “payoff” is so random and stark (i.e., about a 
50–50 chance of a genetically related child versus losing the 
entire investment with no benefit).

In addition to the economic risk above, other factors 
also make IVF decisions difficult for patients. These include 
the risk of multiple conception (twins, triplets, and so on) 
with attendant health risks for the fetuses or infants, and 
risk to the female of hyperstimulation and other possible 
long-term health risks [17, 18]. They also include the diffi-
culty in deciding when to stop IVF attempts, a decision faced 
after each (failed) IVF cycle. Couples typically want to feel 
that they did “all they could” to conceive [16, 19, 20], but 
success rates for IVF do not appear to substantially drop after 
several failures for a particular couple. Clinics report this 
finding to those considering an additional cycle [21] making 
it difficult to stop.

8.2.3  IVF Decision Process for Clinics

IVF represents a large and growing service opportunity. 
In 1994, the amount spent on such procedures in the United 
States and Canada was approximately $300 million. IVF 
procedures are likely to continue to grow in popularity, because 
it is estimated that 10–15% of all married couples in the repro-
ductive age group are infertile [22]. To the extent that couples 
are paying for the procedure themselves, opportunities to 
“lock in” patients through the emerging relationships in the 
healthcare market are minimized, leaving at least the potential 
for regional competition across clinics. Indeed, metropolitan 
areas are generally now served by at least two such clinics.

8.3  Money-Back Guarantees: Economics  
for a Typical Patient and Clinic

The money-back guarantees for IVF are largely standard: 
The patient pays about $15,000 for up to three IVF attempts 
as needed to produce a live-birth delivery. If after three 
attempts the couple has not succeeded, the $15,000 is 
refunded. Alternatively, the patient is offered the choice of 
paying “a la carte,” about $7,500 per attempt.

We initially will analyze the economic effects for clinics 
and patients as of the time that money-back guarantees were 
being created as marketing programs, i.e., 1996. (Later, we 
will note that the basic economic conclusions had not 
changed by 2002.) A clinic’s average cost per IVF cycle was 
estimated to be $5,000 in 1988 [23]. By 1996, a 2% annual 
nominal cost increase would lead to an IVF cost per cycle of 
$6,000. This cost figure, combined with the recent past’s a 
la carte price of $7,500, leads to a return on investment 
(ROI) (actually return on cost) of 25%. This is a high return 
in light of the competition between clinics and, accordingly, 
we conclude that cost per cycle in 1996 has risen to at least 
$6,000 per cycle.

With notation C = clinic’s cost per cycle, p = success 
probability on any IVF attempt p = clinic’s profit (or loss), 
and G = the patient’s payment for the guarantee, the clinic’s 
expected profit resulting from the guarantee is:

 E[π] = G – C – C(1 – p) – C(1 – p)2 – G(1 – p)3. (8.1)

With C = 6,000, G = 15,000, p = 0.22 (as noted in Sect. 2), 
expected profit for the clinic is minus $6,448 per patient. Via 
this calculation, the money-back guarantee is not close to 
break even. To put this in perspective, recall that ROI was 
25% for patients paying a la carte (with C = 6,000). Under the 
guarantee, the expected number of IVF cycles that a patient 
will undergo is 2.4, so the average incurred cost is 2.4 times 
$6,000 or $14,400. Accordingly, the return on cost under the 
guarantee is −6,448/14,400 or minus 45%.
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Our simple equation (8.1) assesses financial outcomes 
only for the IVF cycles themselves. A particular new patient 
at an IVF clinic may also undergo some testing, whose  
cost is separate from the guarantee (and nonrefundable). 
Discussion with clinic operators suggests that such testing 
could approach $4,000, and a generous estimate of the profit 
on such testing is $3,000. So to be conservative in our 
assessment of a clinic’s loss on the money-back guarantee, 
we will reduce the $6,448 loss from the previous paragraph 
by a $3,000 gain on testing; leaving an expected loss per IVF 
patient of $3,448.

To see a clinic’s difficulty another way, note that setting 
C = 6,000 and G = 15,000, and assuming a $3,000 profit from 
testing as above, the success percentage per attempt p would 
have to be 31% (rather than 22%) to break even. It would 
need to be 40% to generate a 20% return on expected cost.

While altruism on a grand scale or gross mismanagement 
could explain this conundrum, we are interested in examin-
ing other explanations for the guarantee policy. We deal with 
four here, and then turn to the ones that require a more serious 
examination of clinic performance statistics and patient suc-
cess dynamics.

8.3.1  Marginal Cost vs. Average Cost

One might posit that the clinic’s marginal cost of conducting 
one more IVF cycle is more relevant in calculating profit-
ability, and that marginal cost would be much lower than 
average cost. In this case, however, several factors undermine 
such a notion, specifically:

 1. Only 10% of the clinic cost is equipment or location [24] 
and the trend is to individualize equipment (e.g., incubator) 
to the specific patient.

 2. Of the total IVF clinic costs, 40% is material/lab tests/
drugs [24], which are not subject to many economies 
of scale.

 3. Of total clinic costs, 50% is personnel [24], and clinics 
were already operating at an efficient economic scale, 
doing on average over 100 IVF procedures a year, each 
cycle requiring 4–6 office visits.

 4. Clinics offering the guarantee are finding that a substantial 
fraction of patients take it making average cost more 
relevant than marginal cost.

8.3.2  Patient Selection: Aggressive Screening

Another possible enhancement to profit is limiting the guarantee 
program to patients whose likelihood of IVF success is 
“high.” Clinics generally make such restrictions public, and 

many do limit the age of the female to less than 40 years, and 
some also eliminate couples with a male infertility factor. 
Based on clinic performance data [12], these two restrictions 
raise the IVF success probability by three percentage points. 
Beyond this, clinics claim that they do not “discriminate” 
and, indeed, the available studies have not succeeded in identi-
fying additional observable factors that predict IVF success 
[25–27]. We will, as a result, assume that patient screening adds 
only three percentage points to the clinic’s success rate.

8.3.3  Breakthrough in IVF Success Rates

A third possible explanation for the guarantee’s financial loss 
is a breakthrough in IVF success rates since 1996 that was 
well anticipated by clinics as they launched money-back 
guarantees in 1997 and 1998. This is unlikely for two reasons. 
First, to go from 22% to 40% in just a year or two would 
mean a significant breakthrough and the medical literature 
points to no such advance during this period. Second, IVF 
success, summarized in Fig. 8.2, shows a slow and steady 
increase through 1996. Indeed, that slow steady pace is now 
known to have persisted through 1999. The rate of success, 
in fact increased only from 22% to 25% between 1996 and 
1999, quite consistent with the historical trend [9, 13].

8.3.4  Risk Transfer

Another approach to improve the financials for the guarantee 
is to shift the balance between minimizing risk of the IVF 
procedure and maximizing the probability that a live birth 
occurs. This means transferring additional risk to the patient 

Fig. 8.2 Historical trend in IVF success rate, North America. Source: 
Dawood (1996), SART (1996), US Centers for Disease Control and 
Prevention (1999)
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and could be accomplished in multiple ways. For instance, 
the drug regimen can be increased to stimulate production of 
more eggs. This also increases the risk of hyperstimulation, 
a potentially serious health consequence for the female [18]. 
The success rate can also be increased by using more viable 
embryos [18]. This also increases the risk of multiple con-
ception, and higher order multiples carry both health risks 
for the infants (prenatal death, cerebral palsy low birth 
weight) and for the mother (preeclampsia, hydramnios vari-
cosities, anemia) [17, 18]. Clinics claim that they do not do 
these things [16] and, indeed, these kinds of activities and 
their negative outcomes are reasonably observable. In short, 
risk transfer to patients would likely become public, and we 
assume that this does not occur on a significant scale.

In summary the four factors considered here are esti-
mated, collectively to increase the probability of success by 
a total of three percentage points from the baseline level of 
22% in the 1996 data. That is, those clinics that do screen on 
age (<40 years) and male factor infertility can achieve a 25% 
chance of a live birth per IVF cycle in 1997 – well under the 
40% chance required for break even on the guarantee.

8.3.5  Heterogeneity

Staying within the framework of our profitability equation 
(8.1), there are really only two additional factors to consider, 
and they both involve heterogeneity. First equation (8.1) 
implicitly assumes that all clinics have the same success rate, 
and second, it assumes that this success rate does not differ 
from cycle to cycle for an individual customer.

Regarding the first of these factors, if clinics differ reliably 
in their success rates, the “better” ones may be able to afford 
the guarantee and, indeed, such a guarantee might signal a 
strong clinic to a prospective patient. In the next section, we 
analyze this across-clinic heterogeneity.

Our second source of heterogeneity concerns the repeated 
experiences of a single patient. Heterogeneity across patients 
in seriousness of infertility will tend to drive down success 
probability across repeated cycles. That is, the “healthier” 
patients will tend to have success on the early IVF cycles, 
leaving them out of the sample for later cycles. On the other 
hand, useful information is acquired during the IVF cycles, 
which can counteract this negative effect of heterogeneity 
Specifically, the drug regimen used may be optimized to a 
particular patient on later IVF cycles, or some patients may 
be counseled out of additional IVF attempts when previous 
cycles suggest that IVF will not work for them [21]. To 
examine both heterogeneity across patients and learning 
across repeated attempts will require some new probability 
modeling. We will turn to such a model after the next 
section’s summary of heterogeneity across clinics.

8.4  Variation in Performance Across  
IVF Clinics

We consider the extent to which clinics differ in prospects 
for IVF success by examining the 1994 clinic performance 
data reported to SART for the U.S. eastern region [9, 11, 12]. 
(Clinic-specific reports for 1995–1999, the most recent data 
available, collapse IVF with other ART procedures, such as 
zygote intrafallopian transfer (ZIFT) and gamete intrafallopian 
transfer (CIFT), and so are not as valuable for considering 
guarantees that apply only to IVF.) The leading infertility 
support organization in the United States, RESOLVE, 
promotes these statistics to couples considering IVF [28]. 
This information includes the number of live deliveries per 
IVF cycle started, for each of the 101 reporting clinics. 
In total, these clinics began 14,322 IVF cycles and had 2,646 
deliveries, for a delivery rate of 0.185. During 1994, the 
average number of IVF cycles was 142 per clinic. We noted 
earlier that age and presence of a male infertility factor are 
sometimes used to exclude patients from the guarantee 
programs. Accordingly, we focus our analysis on the 8,714 
IVF cycles for which the female was under age 40 and there 
was no male infertility factor.

In any 1 year, the success rate does greatly vary from 
clinic to clinic. The top two panels of Fig. 8.3 highlight this, 
showing the “top 5” and “bottom 5” clinics. From the standpoint 
of both patients and clinic managers, of course, the relevant 
quantity is not the observed success rate in some previous 
year. Rather, it is the best estimate, based on history, of future 
success for that clinic. For this purpose, the historical success 
rates are deficient estimators, due to the influence of sampling 
variation. Indeed, clinics that are observed to be outliers will 
tend to be those that happened to do few cycles, irrespective 
of long-run success rates. This is evident in Fig. 8.3, all five 
of the “worst” clinics and four of the five “best” clinics did 
very few IVF cycles.

Let p denote a particular clinic’s long-run success proba-
bility, and x denote the number of live-birth deliveries arising 
from n IVF cycles started in some time period. We are inter-
ested in estimating p from x and n – or specifically from the 
observed success rate x/n. In doing so, we adopt the empiri-
cal Bayes approach of estimating both the sampling variance 
for successes x, and the real variance in success probability p 
across clinics [29]. The estimate for p is then a combination 
of this clinic’s historical success rate (x/n) and the observed 
average success across clinics (E[p]).

Specifically, we assume that the clinic-specific probability 
of success p is distributed beta across clinics and, accord-
ingly, births x at a specific clinic follow the well-known beta-
binomial (BB) model. This model has been highly effective 
for representing heterogeneous Bernoulli processes in mar-
keting and in other social science applications, including 
biomedical research [30–32]. On the basis of its two beta 
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distribution parameters a and b, the expected future success 
rate for a clinic that was observed to experience x successes 
in n IVF attempts is

 
¢

n x a + b a
E[p | x,n,a,b] =  ·  + ·

a + b + n n a + b + n a + b
 (8.2)

which represents a weighted average of the clinic’s 
observed success rate (x/n) and the average success rate for 
all clinics (a/(a + b)).

Maximum likelihood estimates of the model parameters 
for this set of 101 clinics are (a = 9.44; b = 35.15), which cor-
responds to a mean and standard deviation of real long-run 
success rates across clinics of (E[p] = 0.212; s

p
 = 0.0605). 

Accordingly, using the one- and two-sigma heuristics, two-
thirds of clinics have a true delivery rate between 15% and 
27% (one sigma) and 95% of clinics have a true delivery rate 
between 9% and 33%. These results rule out heterogeneity in 
clinics as a contributor to the viability of IVF money-back 
guarantees. Virtually none of the clinics have a stable success 
rate that is even at break even (31%). We focused here on 
eastern region clinics to help remove geographic differences. 
However, the same beta-binomial model estimated with all 
244 North American clinics resulted in MLEs a = 8.41 and 
b = 32.04, which produce the same kind of confidence interval 
results as above.

As (8.2) makes clear, expected future success is driven 
not only by observed success rate (x/n), but by the number of 
IVF cycles performed (n) relative to the sum of the two beta 

distribution parameters a + b. This is highlighted in Fig. 8.3. 
Note how our “top 5” and “bottom 5” clinics’ expectations 
are changed when an empirical Bayes updated probability is 
calculated for each clinic. In the bottom half of Fig. 8.3, we 
provide the updated “top 5” and “bottom 5” clinics, i.e., clinics 
ranked on the probability of success on future IVF attempts. 
Only three have expected probability greater than 0.3 and 
none exceed 0.35. Because about 60 of 300 North American 
clinics are offering the IVF guarantee, again, we see that dif-
ferential clinic performance is not the explanation.

Of course, there are real differences in clinic performance 
that should persist and matter to patients. Clinics in the top 
third of real performance (p) are about twice as likely to 
experience a live-birth delivery as those in the bottom third. 
The challenge for a patient is to see a large enough base of 
experience to “tell” the strong performers from the weak.

8.5  Patient Outcomes Across Successive  
IVF Attempts

Our equation (8.1) for economics of the money-back guarantee 
assumed that all of a clinic’s patients have the same success 
probability p, and that this success probability for a single 
couple does not vary across successive IVF attempts. Neither 
assumption is likely to well represent the IVF process, nor 
can each greatly affect the expected financial outcome. First, 
we will discuss the effect of patient heterogeneity under the 

Fig. 8.3 Assessing heterogeneity in clinic performance

Original “Top 5”

Rank Original 
Observation

Updated 
Probability

1 2/4=0.5 0.235

2 11/27= 0.407 0.285

3 8/20=0.4 0.270

4 15/39=0.385 0.292

5 69/182=0.346 0.346

Updated “Top 5”

Rank Original 
Observation

Updated 
Probability

1 69/182=0.379 0.346

2 169/480=0.352 0.340

3 55/166=0.331 0.306

4 15/39=0.385 0.292

5 26/77=0.338 0.291

Original “Bottom 5”

Rank Original 
Observation

Updated 
Probability

5 1/28=0.036 0.144

4 0/1=0.000 0.207

3 0/4=0.000 0.194

2 0/5=0.000 0.190

1 0/24=0.000 0.138

Updated “Bottom 5”

Rank Original
Observation

Updated 
Probability

5 3/39=0.077 0.149

4 1/28=0.036 0.144

3 0/24=0.000 0.138

2 23/213=0.108 0.126

1 23/222=0.104 0.122
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simplifying assumption that p-values remain stationary 
for each patient across successive attempts. Then, we will 
incorporate nonstationarity in the patient probabilities, and 
estimate a formal model that captures both phenomena.

A couple that succeeds on IVF cycle t naturally does not 
progress to cycle t + 1, i.e., the only couples who attempt to 
enter cycle t + 1 are those unsuccessful thus far. When 
success probabilities differ from couple to couple, those 
entering cycle t + 1 will tend to be the ones who started out 
with relatively low p-values. In short, the success rates 
observed for a random set of patients for successive cycles 
should decline from cycle to cycle, as a result of this adverse 
selection effect. This effect of heterogeneity was not reflected 
in (8.1) and is, in fact, detrimental to the economics of the 
IVF guarantee. Recall that the assumption of homogeneity 
across patients in (8.1) produced a net loss of $3,448 per 
patient including a profit from testing. Imagine the extreme 
case of patient heterogeneity with the same average success 
rate p = 0.22 as assumed earlier. That is, imagine that 22% of 
patients have an IVF success rate on any cycle of 100%, and 
the remaining 78% of patients have a success rate of 0. 
Using the same arithmetic as in (8.1), the clinic will net 
$15,000 − $6,000 from 22% of the patients (who succeed on 
the first try), and will “net” $15,000 − 3 × $6,000 − $15,000 
from the remaining 78%, who do not succeed even after 
three tries. The expected loss per patient under this complete 
heterogeneity scenario is minus $12,060, 3.5 times greater 
than the loss of $3,448 if patients are homogeneous in success 
rates. Heterogeneity scenarios between these two extremes 
examined here will produce losses between $3,448 and $12,060. 
In short, heterogeneity makes the guarantee programs, which 
“push” all patients through three tries if they need them, even 
more economically disadvantageous for the clinics.

There is, however, a potentially countervailing effect 
related to successive IVF attempts. While our heterogeneity 
across patients scenario above assumes that the success rate 
for any individual patient does not change from attempt to 
attempt, anecdotal reports suggest that the prospects for 
success can be increased for a particular couple from attempt 
to attempt. This “learning” effect stems from two kinds of 
sources. First, information on the body’s response to the drug 
regimen, sperm, egg, and embryo quality can be used to help 
improve the chances for success on later IVF attempts, at 
least for a while. So, the actual “p-value” for a patient is not 
constant from attempt to attempt but may instead increase. 
Second, the information gleaned from initial cycles will 
sometimes reveal that the prospects for IVF success are remote, 
and the couple can be counseled to move on to another 
therapy (donor egg, intracytoplasmic sperm injection (ICSI)) 
or to adoption. This second learning effect helps remove low 
p-value patients from later cycles and, thus, runs directly 
counter to heterogeneity’s adverse selection effect discussed 
above. Of course, only the former of these two learning 

effects would actually benefit a clinic offering a money-back 
guarantee. We will not be able to differentiate between these 
two possible learning effects, but we will be able to estimate 
the combined effect from historical data, placing an upper 
limit on the learning effect’s benefit for clinics offering the 
guarantee.

Which of these two countervailing effects, heterogeneity 
depressing success rates across cycles or learning increasing 
them, is larger? Many studies have provided data concerning 
success prospects on successive attempts, though none have 
incorporated both learning and heterogeneity effects [21, 26, 
27, 33–36].

Let p
1
 denote a particular couple’s success probability on 

the first IVF attempt. To incorporate learning in this model, 
we rewrite this cycle 1 success probability p

1
 as

 
¢1 = > 0, > 0,

+

x
p x y

x y
 (8.3)

which, of course, can be done without loss of generality. 
It is useful to think of x as representing the impact of success 
factors, and y as representing the factors making the IVF 
cycle likely to fail. The probability p is then the result of the 
relative magnitude of these two sets of factors as in (8.3). 
Now, if learning occurs, this couple’s success probability 
should be higher on later attempts, which can be accom-
plished by replacing x in (8.3) with x + l (l ³ 0). This approach 
would, however, restrict learning to a “one-shot” effect, i.e., 
no incremental learning after IVF cycle 1. Our proposed 
model for learning assumes more generally that there may, 
indeed, be learning on each IVF cycle, but that the magnitude 
of this learning may decline across cycles. As a result, the 
formula for the couple’s success probability on attempt t 
(t ³ 2) is

 
l

l

l=

=
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p

x y
 (8.4)

Where l
i
 represents the incremental learning effect for 

attempt i based on the learning on attempt, I – 1. On the first 
IVF attempt (8.4) simply reduces to (8.3). On the second 
attempt, the numerator “success” factor increases from x to 
x + l

2
, so l

2
 represents the contribution of learning from the 

first cycle. On the third IVF attempt, the numerator is 
x + l

2
 + l

3
.

To incorporate heterogeneity across patients, we allow the 
baseline success factor x, baseline failure factor y, and learn-
ing effects l

1
 to vary across patients. Specifically, each of 

these three factors is assumed to follow an (independent) 
gamma distribution with idiosyncratic shape parameters and 
a common scale parameter.
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For each of these gamma distributions, the mean is its 
shape parameter divided by the scale parameter, i.e., r/a. So, 
the average magnitude of the positive effects x and l

1
, and of 

the negative effect y, is proportional to the respective distri-
bution’s shape parameter. We will assume that the average 
size of the incremental learning effect decreases geometri-
cally with repeated IVF attempts, and with rate 1 – K 
(0 £ K £ 1). That is, because K £ 1 the learning effect due to 
the information from the second IVF cycle will not generally 
be as great as learning from the first cycle. To capture this 
phenomenon, the shape parameter for each learning effect’s 
gamma distribution is specified as

 l l
-= =2 for 2,3t

tr r K t  (8.5)

If K is close to 1, the incremental learning dies out only 
slowly across cycles. For example, imagine that rl = 1 and 
K = 1/2. Then, on the second IVF attempt in addition to the 
positive effect x (whose mean is r

x
/a), we have a learning 

effect in the numerator and denominator of (8.4), but now the 
average size of the incremental effect is only Krl/a = rl/2a, 
i.e., half the size of the learning effect for the second cycle. 
With K = 1/2, the incremental learning effect for the fourth 
cycle would again drop by half, to only 1/4, what it was on 
the second cycle, and so on.

These assumptions mean that for any IVF attempt the suc-
cess probability is distributed beta across patients [40]. For 
the first attempt (no learning), success probabilities are sim-
ply distributed beta (r

x,
 r

y
), with mean E[p] = r

x
/(r

x
 + r

y
). For 

the second attempt, we have to reflect both the effects of het-
erogeneity and learning. The latter is already specified above. 
The effect of heterogeneity is easy to assess: Given that the 
first attempt failed, we must update the beta distribution for 
success probability as in any BB model. That is, the param-
eter r

y
 is updated by one unit for each observed IVF failure 

[31, 37]. So, on the second IVF attempt we replace r
y
 with 

r
y
 + 1. As a result, for patients entering the second IVF attempt 

the probability of success is distributed beta (r
x
 + rl,

 r
y
 + 1), 

with mean E[p] = (r
x
 + rl)/(rx

 +rl + r
y
 + 1). In the same way 

for the tth attempt given that the first t − 1 attempts failed, the 
expected success probability is
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In the absence of any learning (rl = 0), (8.6) is simply the 
success probability for attempt t (conditional on failure 
through attempt t − 1) for the beta-geometric (BG) model, 
i.e., the waiting time version of the BB model. With the 
learning effect as specified above, we will call the formula-
tion equation (8.6) the beta-geometric with learning (BGL) 
model. Equation (8.4) provides the basis for estimating the 
parameters (r

x
, r

y
, rl, K) via maximum likelihood, from a his-

togram of success rates on successive IVF attempts.
The most promising such histogram appears to have been 

published by [33]. In this case, all 3,824 patients who began an 
initial IVF cycle at one particular clinic were tracked through 
successive IVF attempts. The number of patients entering each 
successive attempt was recorded, along with the number that 
achieved a live-birth delivery. The Tan et al. [33] data are 
particularly valuable because of the large number of patients 
tracked, and because the outcome measure is live births. Many 
of the studies examining successive IVF attempts [26, 34, 36] 
look instead at “ongoing pregnancies” as a “success,” yet often 
about 20% of those pregnancies do not result in deliveries, and 
this percentage can vary substantially.

For the Tan et al. [33] data, the maximum likelihood 
estimates of the BGL model are

 r
x
 = 0.263, r

y
 = 2.247, {rl = 0.130, and K = 0.510 

These parameters tell an interesting story about the effects 
of learning and heterogeneity and about the trade-off between 
them. First, consider just the learning effect. Because rl is 
about half the size of r

x
, on the second IVF attempt the learn-

ing effect increases the positive factors for IVF success by 
about half. A further increase accrues for the third attempt 
but because K is approximately 0.5, the contribution from 
learning on the second IVF cycle is only half as valuable as 
the learning from the first cycle. The incremental learning 
from the third cycle is only 1/4 (= 0.52) what it was from the 
first cycle, and so on.

Now, we add in the effect of heterogeneity. Recall that 
failure on an IVF cycle increases de facto the parameter by 1 
for succeeding cycles. Neither heterogeneity nor learning 
operate on the first cycle, for which the average probability 
of success was r

x
/(r

x
 + r

y
) = 0.105. For patients who do not 

succeed on the first attempt what happens on the second try? 
Via (8.6), the net positive factors (r

x
 + rl) increase by 50% 

relative to attempt, 1 (i.e., 0.263 + 0.130) due to learning. But 
because of heterogeneity, our updated sense of this patient’s 
success rate (having failed at attempt 1), adds 1 to the nega-
tive factors parameter r

y
, thus, increasing it from 2.247 to 

3.247, i.e., also an increase of essentially 50%. In short then, 
for the second IVF cycle, the effects of learning and hetero-
geneity offset and the overall probability of success remains 
unchanged from what it was on cycle 1. Learning has suc-
ceeded in counteracting adverse selection.
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On later cycles, this balance between learning and 
adverse selection is, of course, not maintained. The incre-
mental learning effect decreases (decaying by approxi-
mately half at each cycle). The negative effect of adverse 
selection, by comparison, remains constant from cycle to 
cycle. So, by IVF cycle 4, 5, and so on, the probability of 
success falls.

Figure 8.4 illustrates this set of results. (Fig. 8.4 data 
cover patients who began treatment between 1984 and 
1990. This is why the success rate is less than the 22% fig-
ure that was relevant as guarantee programs were launched. 
The pattern on successive cycles, which is of primary inter-
est, is not affected by this downward shift in success rates.) 
The top half shows the fit of the BG (i.e., no learning) 
model to patients’ delivery rates on successive IVF cycles. 
It clearly cannot represent the slight uptick in success 
observed on the second IVF cycle. Further, when the learn-
ing effect diminishes and the effect of adverse selection 
takes over on cycles 4 and 5, the BG cannot capture this 
phenomenon either. By contrast, the BGL is able to repre-
sent both phenomena.

This general pattern of interaction between learning and 
heterogeneity effects is not a fluke in the Tan et al. [33, 38] 
data. While the specifics of the histograms do differ across 
studies, we also estimated the BGL model on four other pub-
lished repeat cycle data sets that covered different clinics, 
time periods, and outcome measures (pregnancy versus live 
birth) [21, 26, 34, 36]. The average BGL parameter values 
across these four data sets are

 r
x
 = 0.057, r

y
 = 0399, rl = 0.125,and K = 0646. 

Note that the average size of the learning effect (rl) and 
the decay rate for this effect (indicated by K) are similar to 
our results for the Tan et al. [33, 38] data. (The parameters r

x
 

and r
y
 differ more from the values earlier due to the different 

time periods and outcome measures in these studies.) One 
other qualitative conclusion here matches that observed ear-
lier. Namely, in moving to the second IVF cycle, the impact 
of learning and the impact of heterogeneity essentially can-
cel, leaving the probability of success essentially the same as 
it was on attempt 1. Beyond cycle 3, however, the effect of 
heterogeneity (adverse selection) takes over and success 
rates drop. Figure 8.5 shows the success rate on repeated IVF 
attempts for the expanded set of studies reporting such 
histograms.

This analysis of IVF success dynamics allows us to draw 
several conclusions. First, learning and adverse selection 
(heterogeneity) are each substantial influences on the suc-
cess prospects for patients who continue IVF attempts. 
Second, across the initial three IVF cycles that are most rel-
evant for our money-back-guarantee scenario, these two 

influences cancel and success prospects can be viewed as 
constant across these cycles, as our BB analysis of clinic het-
erogeneity assumed in the previous section. Further, the con-
stant success probability across cycles 1–3 represents both 
“good news” and “bad news” for clinics that offer a money-
back guarantee. The good news is that adverse selection does 
not represent an additional financial drawback to the guaran-
tee, over and above our calculation in (8.1). The bad news is 
that while learning does counter adverse selection, it does 
not manage to add anything to our analysis in (8.1). In short, 
the financial viability of the money-back guarantee remains 
unexplained.

A third conclusion from our analyses here concerns suc-
cess prospects beyond the third IVF attempt. Across a vari-
ety of studies, our analyses suggest that success prospects 
begin to decline for such later attempts. In the next section, 
we leave the framework of (8.1) and investigate in great 
detail these later IVF cycles: What may happen after the 
money is refunded for a third (failed) IVF attempt?

Fig. 8.4 Modeling the likelihood of success on repeated IVF attempts
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8.6  Perseverance and the House Money 
Effect

For a typical IVF clinic offering the standard money-back 
guarantee, our analysis so far has been able to reduce the 
expected loss per patient from $3,448 (shown in Sect. 3; 
based on (8.1) and the clinic’s potential profit from testing) 
to $2,203. The latter figure arises simply by substituting 
p = 0.25 in (8.1), i.e., the increase of three percentage points 
in the per-cycle IVF success rate that stemmed from patient 
screening.

In this section, and in the next, we explore ways to close 
the remaining gap by examining factors that lie outside 
the framework of (8.1). In that formula (and the ensuing 
sections), we have examined the outcomes of the guarantee 
across the three possible IVF attempts that it covered.  

In this section, we look ahead at “what comes after” the 
refund of a couple’s $15,000. It is easy to describe the 
options. A couple can conclude their attempts at assisted 
reproduction, or the couple can continue with IVF, paying a 
la carte for additional cycles. Of course, the refund can also 
provide cash for such attempts.

One might think that it is highly unlikely that a couple, 
after three failures, would elect to continue pursuing IVF 
cycles (and paying for them), but the empirical evidence to 
date suggests otherwise. Looking at the pattern of behavior 
prior to the offering of money-back guarantees – i.e., when 
all couples not covered by insurance were paying for each 
attempt – the inclination to continue IVF cycle after cycle is 
striking. Pooling results from three empirical studies, Fig. 8.6 
shows that approximately 60% of those who fail on an IVF 
cycle go on to the next cycle, and this statistic remains virtu-
ally constant across the first eight IVF cycles.

Under the money-back guarantee, what will happen after 
a third failure/refund? Certainly, clinic managers did not 
know how to institute the guarantee. But they did have the 
access to the empirical pattern of Fig. 8.6. Indeed, for several 
reasons, the 60% perseverance rate seems a good working 
assumption. These reasons stem from the decision process a 
patient is likely to use considering whether to continue on to 
the next IVF attempt. First, the 60% rate has been robust to 
the actual decision process the patient is likely to be using. 
One might imagine that the first attempt after refund “feels” 
like the decision an a la carte patient faces after failure on 
the “first for pay” attempt. That is, this is the first time a 
couple really have to make a decision about going further. 
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This would suggest that the perseverance rate for refund 
receivers would be similar to the rate historically observed 
for a la carte patients after their first IVF failure. On the other 
hand, it might act more like a failure on the “third IVF 
attempt overall,” because this is the number of failures the 
refund receivers actually experienced. But based on the 
empirical evidence for a la carte patients in Fig. 8.6, such 
distinctions have not mattered, i.e., the 60% perseverance 
has been a constant across cycles.

Second, the refund receivers have just obtained a check 
for roughly $15,000, which can be expected to lead to a 
“house money” effect [39]. That is, the decision-process 
literature predicts a heightened proclivity to gamble with 
the “found money” just obtained. Note that it will take at 
least 6 months for a couple to exhaust their initial three 
IVF attempts, so the $15,000 refund is likely to have been 
viewed as “new” (found) money. Acting counter to the 
house money effect is a possible framing effect of the 
guarantee itself. That is, setting the refund at three IVF 
failures may suggest the couple that three is the “right” 
number of attempts to represent “all that I can do.” Certainly, 
there is anecdotal evidence that couples find it difficult to 
establish such a benchmark without some external criterion 
[16, 20]. On the other hand, clinics provide data indicating 
a roughly constant success rate on repeated attempts [21]. 
This encourages couples to go on regardless of this kind of 
benchmark, i.e., the odds of pregnancy are presumably no 
worse on the next try than on the last. In fact this kind of 
logic, and the powerful desire for a genetically related 
child, pushes some patients to pursue more than 20 IVF 
attempts [20].

So, we assume that 60% of patients who experience a 
failure will go on to the next IVF cycle, for cycles 4–8 
following the refund. There may, of course, be additional 
cycles beyond the eighth, but even with the 60% perseverance, 
the number of such cycles is so small that it can be ignored. 
To calculate the consequences of cycles 4–8, we need to 
know the IVF success rate on these cycles, because success 
also removes the patient from later cycles. Based on the BCL 
model parameters reported in the last section (using the Tan 
et al. data [33, 38]), the success probability is essentially 
constant across the first three IVF attempts. We denote this 
probability p

1–3
, and set it equal to 0.25, as discussed earlier. 

Again, using the BGL parameters from the Tan et al. [33, 38] 
data in (8.6), we calculate the proportionate drop in the 
success probability for each of attempts 4–7, compared to 
the average success probability on attempts 1–3. Applying 
this proportionate drop to the value p

1–3
 = 0.25, the success 

probabilities on cycles 4–7 become 0.204, 0.180, 0.159, and 
0.142, respectively.

With this parameter set, 60% of those receiving a refund 
will go on to pay a la carte for IVF cycle 4. Of this 60%, 
approximately 20.4% are expected to succeed on cycle 4, so 

79.6% of the 60% (i.e., 48%) of the refund receivers will go 
on to fail on cycle 4. And of these, again 60% (i.e., 29% of 
all the refund receivers) will go on to attempt IVF cycle 5, 
and so on. The number of patients going on from cycle to 
cycle after the refund, therefore, decays with retention rate 
(0.6)(1 − p

t
) for each cycle t.

Later, the economic consequence of these a la carte cycles 
for a clinic is then easy to calculate, because the typical con-
tribution margin per cycle is (price cost) = $7,500 − $6,000 = 
$1,500. Considering only IVF cycles 4–8, with the failure/
perseverance pattern described above, the average number of 
additional a la carte cycles pursued by a refund receiver is 
1.13 cycles. Multiplying this figure by the $1,500 contribu-
tion per cycle means an additional $1,695 economic contri-
bution per refund receiver.

This last figure must be adjusted before tallying it 
against the current $2,203 loss per patient described at the 
beginning of this section. The only patients who may pro-
ceed to a la carte are those who receive a refund, so the 
$1,695 figure must be reduced by that proportion. With 
p = 0.25, approximately 42.2% of couples will fail through 
three tries and receive the refund. So, the economic contri-
bution of a la carte cycles 4–8 per patient who begins the 
guarantee program is $1,695 × 0.422 = $715. This positive 
amount reduces the per-patient loss from the guarantee to 
$2,203 − $715 = $1,488.

The money-back guarantee still does not make money 
without one last factor.

8.7  Abandoning the “No First Use” Policy

We noted at the outset of the paper that IVF has become the 
“last best hope” for many infertile couples. Figure 8.1 
highlighted the treatments that typically have preceded IVF: 
6–12 months attempting natural conception, drug therapy 
and intrauterine insemination (IUI) being common. Doctors 
would tend to recommend IVF only after these options for 
two reasons. First IVF is more invasive and carries some 
risks (including greater risk of multiples). Second, IVF is 
expensive and not often covered by insurance in the United 
States. While this sequencing of treatment may minimize 
health risks and economic cost, it has not minimized 
emotional costs for the patient. While Fig. 8.1 shows that 
across the entire sequence preceding IVF, many couples can 
achieve a child without needing in vitro, in fact incurring 
“failure” month after month can be emotionally debilitating 
[19]. Further, during the time that patients pursue these 
treatments, they may be concerned about their own aging, 
e.g., a 38-year-old couple sees background pregnancy rates 
that virtually fall off the table for 40- to 44-year-old couples 
relative to ages 35–39.
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Enter into this process the IVF money-back guarantee 
with mass media advertising directed toward patients rather 
than doctors. For those willing to spend $15,000, it empha-
sizes the complete lack of (economic) risk. It holds the prom-
ise of a baby now, rather than (maybe) a few years from now. 
It minimizes the emotional cost in repeated failure. It is being 
marketed no longer as the “last hope” but instead, with the 
positioning: Why wait? For infertility clinics that offer the 
IVF guarantee, accessing the large pool of patients in earlier 
stages of treatment – who are more fertile than IVFs tradi-
tional patients – can, in fact make the money-back guarantee 
programs earn money. The assumptions we require for this 
calculation may not apply to all clinics, but they are reason-
able and provide an explanation for the guarantees that have, 
until now, been absent. Consider the following scenario for 
earlier use of IVF in infertility treatment:

 1. Couples wishing a child pursue natural conception for 6 
months.

 2. If no natural conception in 6 months, half the couples pur-
sue drug therapy (the common progression, see Fig. 8.1) 
and half take the IVF guarantee.

 3. For those pursuing drug therapy if no success in two 
attempts, half pursue IUI (the common historical progres-
sion) and half take the IVF guarantee.

 4. For those pursuing IUI, if no success in two attempts, half 
pursue IVF. The other half pursue some other option (e.g., 
adoption).

This sequence is illustrated in Fig. 8.7. Of course, other 
assumptions are possible. IVF clinic guarantees may attract 
couples even earlier in the natural conception process. The 
IVF guarantee may take more than half the drug/IUI patients 
– after all, the latter treatments may cost some patients, offer 
a lower probability of success and, accordingly a high likeli-
hood of emotional distress, and delay the arrival of a child. 
Finally, less than 50% may choose to pursue IVF, either due 
to counseling regarding the source of infertility or because of 
the $15,000 cost under the guarantee. Each of these alterna-
tive assumptions will increase the clinic’s economic reward 
for pursuing infertility patients earlier. So in this sense, the 
calculation below is a conservative estimate of the payoff.

We need one more assessment to calculate the financial 
implications here: The success rate for IVF per cycle in the 
more fertile populations. In this assessment, it is useful to 
consider the steps required for an ongoing pregnancy i.e., pro-
duction of viable egg and sperm, egg fertilization, embryo 
implantation, and sustained ongoing pregnancy. In couples 
who could conceive via natural conception or drug/IUI ther-
apy, by far, the weakest link in this chain of events is fertiliza-
tion. On the other hand, fertilization is the strong point of 
IVF. As Fig. 8.8 clarifies, two-third of couples using IVF pro-
duce at least one fertilized, growing embryo. For these rela-
tively infertile couples, the weak point of IVF is implantation 

– this is the stage where more than half the IVF cycle failures 
arise. Implantation for such patients is often difficult due to 
the source of infertility, e.g., endometrial dysfunction. Yet, 
this is a relatively successful stage for more fertile couples, 
i.e., those who could conceive via natural conception or IUI.

Specifically, we assume that couples who would have 
pursued 6–12 months of natural delivery (after 6 months 
without a conception) would have an IVF success rate of 
50% per cycle. For couples who do not conceive naturally 
and would have pursued drug/IUI therapy, we assume a 40% 
per cycle IVF success rate.

To calculate the effect of pursuing infertility patients ear-
lier, let N represent the number of couples that complete 6 
months of natural conception without a pregnancy. The 
sequence of reproductive procedures chosen by the couples, 
and outcomes experienced, are illustrated in Fig. 8.7. Prior to 
the IVF guarantee programs, the statistics in Fig. 8.1 indicate 
that about 0.274 N would achieve a delivery during an addi-
tional 6 months of natural conception attempts. We imagine 
that the IVF guarantee would capture 50% of these patients, 
or 0.137 N (“Group 3” in Fig. 8.7).

This leaves 0.726 N patients who complete 12 months 
without a delivery and go on to drug/IIJI therapy. Again, via 
the statistics in Fig. 8.1, after four attempts, an additional 
0.282 N would have had a baby – and we assume that the IVF 
guarantee captures 50% of them or 0.141 N (“Group 2” in 
Fig. 8.7). Finally, 0.726 N − 0.282 N = 0.444 N would not 
achieve a birth after the drug/IUI sequence, and we assumed 
that half of these – or 0.222 N – go on to IVF (“Group 1” in 
Fig. 8.7).

Under the guarantee, with the impact of attracting infertil-
ity patients earlier, the clinic’s population of IVF-guarantee 
patients is, therefore, composed of three groups:

 1. Group 1, of size 0.222 N, is the “usual” IVF patients who 
have repeatedly failed to conceive naturally or with drug/
IUI therapy and who, accordingly have success probabil-
ity on IVF cycles 1–3 of 0.25 (with success on later cycles 
4–8 as described in the previous section).

 2. Group 2, of size 0.141 N, is composed of patients who 
have repeatedly failed to conceive naturally and who 
would have conceived via drug/IUI therapy but elect to go 
to IVF instead, and who, accordingly have success prob-
ability = 0.4 on each of IVF cycles 1–3.

 3. Group 3, of size 0.137 N, is composed of patients who did 
not conceive in 6 months of natural conception, but who 
would have conceived in another 6 months of such 
attempts, but who elect to go with the IVF guarantee 
instead, and who, accordingly, have success probabil-
ity = 0.5 on each of IVF cycles 1–3.

For Groups 2 and 3, the success probability on each of 
cycles 4–7 is envisioned to fall off relative to cycles 1–3 by 
the same proportionate decline as for Group 1, using the 
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BGL model and parameters as in the last section. Then, for 
each group, the per-patient profit (or loss) from the IVF 
guarantee (including the possibility of IVF cycles 4–8) can 
be calculated as in the last section (para 6 of Sect. 6 above), 
together with (8.1). Doing so, the average return per patient 
for each group is: Group 1: −$1,488, Group 2: +$3,328, and 
Group 3: +$5,802.

The economic consequence of the IVF guarantee is then 
just the weighted average of the within-group returns, the 
weights being the relative sizes of the three groups listed 
above. (Group 1 accounts for 44% of IVF patients, Groups 2 
and 3 account for 28% and 27%, respectively) With our sce-
nario for attracting patients to IVF earlier, in their fertility 
treatment this overall return is positive at last at $1,844 per 
patient (approximately a 13% return on average cost). The 
key to a positive economic return is obviously the high IVF 
success rate for both Group 2 and Group 3 couples. While 
we believe that the success rates assumed (Group 3 = 50%; 
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Group 2 = 40%) are reasonable and, indeed, conservative, we 
note that the money-back guarantee is profitable even if both 
groups’ success rates are reduced to as low as 35%, which is 
a 10% “premium” over the 25% success rate for Group 1.

The financial effect of pursuing these more-fertile couples 
is obviously dramatic and positive for clinics. From the 
patients’ standpoint, most of the members of Groups 2 and 3 
will conceive via IVF, and “soon,” indeed, on the first or sec-
ond try. They are already reconciled to spending $15,000 for 
a child, so have essentially no regret in pursuing IVF “early.” 
They, as a group, are more likely to experience multiple 
births, but at least in the case of twins, many couples will 
view this as a “bonus.” In expected value terms, they paid 
collectively more than they needed to, but are unlikely to 
complain.

What about Group 1? These are the couples who histori-
cally made it to IVF. The money-back guarantee lets them 
pursue this course without extreme economic hardship. 
About half of Group 1 will not, in fact, succeed in three IVF 
attempts, but they will get their money back. Of course, 
whether these patients keep that money for other uses or “let 
it ride” on more IVF cycles remains to be seen.

Finally, we note that our analysis has focused on explain-
ing the economic viability of money-back guarantees for 
IVF as they were becoming widely available, i.e., in 1997 
and 1998 (based on published success rate data from 1996). 
This is not, however, simply a historical exercise. In 2002, 
the most recent IVF success rates published for North 
American clinics cover the year 2000, during which the over-
all success rate was 25% [9], a modest three percentage point 
increase over the 22% figure from 1996 is used in our analy-
sis. The additional three percentage points do not, of course, 
explain the continued viability of money-back guarantees for 
these clinics, and the clinics have persisted in offering the 
guarantees during this period. In short, our analysis and con-
clusions regarding the guarantees is now as applicable as it 
was in 1997–1998 when they were being launched.

8.8  Conclusion

We conclude by examining the implications of our analysis 
for patients, clinics, and regulatory agencies, or public policy 
advocates.

8.8.1  Patients

For the Group 1 patients (typical IVF patients pre-money-
back guarantees), the implications are clear. If they pursue 
IVF, they should take the money-back guarantee. For these 

patients who have already tried less invasive procedures, 
their expected cost will be dramatically less than the a la 
carte option. To see this, we start with the same model [1] 
that calculated the clinic’s expected profit. Under the a la 
carte method of $A per cycle, the patient pays A if the first 
cycle is successful, 2A if success occurs on the second cycle, 
and 3A otherwise. (We are assuming that the couple deciding 
between the a la carte and money-back guarantee commits to 
three cycles.) Thus, the expected cost to the patient under a 
la carte is

  Ap + 2Ap(1 - p) + 3A[1 - p - p(l - p)]. 

Under the money-back guarantee with an up-front pay-
ment of G, the couple pays G only if there are not three con-
secutive failures, so the expected cost to the patient is

 G[1 - {(1 - p)3}].  

Equating these two expected costs and rearranging terms 
give the cubic equation (in p)

 (Gp - A)({p2} - 3p + 3) = 0. 

The only relevant (real) solution to (8.6) is the root from 
the first term: p = A/G.

With the monetary values used today of A = $7,500 and 
G = $15,000, the break even value is p = 0.5. Any couple with 
a p-value less than 0.5 should opt for the money-back guar-
antee. For the risk-averse couple who would be very unhappy 
going a la carte for three cycles, paying $22,500 and getting 
no baby, the break even p-value will be even higher than 0.5. 
In any event, the typical Group 1 traditional patient for IVF 
should most definitely take the money-back guarantee. Their 
best guess p-values will be far below the nonrisk adverse 
break even value of 0.5.

The typically younger and less infertile Group 2 and 
Group 3 patients need to assess their personal p-value to 
some appropriate level above the Group 1 value. (There is no 
single obviously correct way to do this, but Sect. 7 gives 
some suggestions.) These patients should then decide if the 
increase in the chance of having a baby now is worth the 
potential side effects of IVF and the increased likelihood of 
having multiple births. This is a subjective trade-off, but 
couples should at least explicitly consider these pros and 
cons of doing IVF “early”. Assuming a Group 2 or Group 3 
couple decides on IVF now, they should use their adjusted 
p-value to decide the expected costs of the a la carte versus 
money-back guarantee option. Those patients who opt for 
the money-back guarantee and receive a refund should 
explicitly consider the economic, psychological, and side-
effect costs yet again before treating that refund as “house 
money.”



1158 A Live Baby or Your Money Back

Of course, all of the above is predicated on patients 
gaining as much information as possible on the success rates 
for the IVF clinics that are geographically feasible for them. 
They should be especially wary of high success rates based 
on small sample sizes or high success rates where the 
prevalence of multiple births is above average. The couple 
should also find out on how aggressively each clinic screens 
its patients as much as possible, i.e., what kind of patient 
pool produced the clinic’s historical success rate.

8.8.2  Clinic Managers

The clinic manager needs to estimate the overall success rate 
per cycle for patients the clinic is currently attracting, and 
this is especially true if the clinic offers the money-back 
guarantee. The clear-cut economic questions should be 
addressed via (8.1). The key ethical considerations for a 
clinic follow. Are patients given data that are appropriate for 
their particular situations? Are the downsides of IVF vis-à-
vis less invasive procedures adequately addressed? Are the 
patients who receive their money back being pressured to 
“let it ride” on additional a la carte IVF attempts?

8.8.3  Public Policy Advocates

Organizations such as SART and RESOLVE that provide 
information to infertility patients play an important role, that 
is increasingly challenging with new payment options and 
expanded competition. The data, model, projection, and sce-
nario analyses in this paper can help patient education and, 
indeed, a menu-driven interactive computer version of this 
work would be valuable for patients. It is also important to 
expand the monitoring of clinics. Some of the key variables, 
e.g., success rate by age, incidence of multiple births, have 
been comprehensively collected. Other key variables, e.g., 
success rates by previous infertility treatment history, pricing 
policy, and number of IVF attempt for the patient, are not 
available clinic by clinic. This information would add incen-
tive for the clinics to “do the right thing.”

8.8.4  The Simple Model Works

Finally, we stress the need for formal probabilistic models to 
analyze the existing IVF data. These models give insights not 
available with the usual summary statistics. But perhaps the 
best news from our efforts is that the simplest possible model, 
(8.1), “works.” That is, assuming that each patient has the 

same baseline success probability (wrong) and that this prob-
ability stays unchanged on successive cycles (wrong) leads to 
a good economic analysis of the money-back guarantee. The 
heterogeneity of these base rates across patients (who drive 
down the aggregate probability of success on repeated 
attempts) is counterbalanced by the individual patient “learn-
ing” (which drives up the aggregate probability of success on 
repeated attempts), at least for the first three cycles. Clinics 
know their cost per cycle, C, and both the clinics and the 
patients know the up-front money-back guarantee fee, G, and 
the a la carte price, A. Because the homogeneous (Bernoulli) 
model in (8.1) provides a good approximation to reality, the 
clinics need to know only their overall success rate p to see if 
the money-back guarantee will be profitable.

For those deciding between the a la carte and money-back 
guarantee, only A, G, and their personal p-value matter. The 
break even p-value is just A/G. By coaching the couple, their 
personal p-value can be estimated. Even just telling the cou-
ples the A/G break even point and a p-value for “couples like 
them” would improve on current patient education.
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Abstract Ovulation is a complex process that after initiation 
by LH involves cascades of several pathways that interact 
within cell types and between cell compartments. Major 
functions of these pathways are to promote permeability 
and increased blood flow, to accelerate ECM remodelling 
leading to degradation of the follicular apex and restructuring 
of the cystic follicle into a solid corpus luteum, to induce 
expansion within the cumulus granulosa cells, to modify 
steroidogenesis within granulosa and theca cells toward 
secretion of progesterone, and to maintain a positive intra-
follicular pressure so the follicular wall eventually ruptures 
and that the cumulus-enclosed oocyte is expelled.

Keywords Ovulation • Luteinizing hormone surge • Granulosa 
cells • Eicosanoids • Corpus luteum

9.1 Introduction

Ovulation, the central episode of the ovarian cycle, is a com-
plex and multifaceted process that ultimately leads to rupture 
of the exterior follicle wall with a release of fertilizable 
oocyte. The intra-ovarian regulation of the ovulatory process 
has been a major area in reproductive research for a long 
time. In this review, the older biochemical-oriented research 
on ovulation will be integrated into the modern molecular-
oriented research, which has made tremendous advances 
with the availability of methods for wide genomic analysis 
and genetically modified animal models. Most studies of 
molecular pathways in ovulation are derived from studies in 
rodents, and only few studies in this area have, due to natural 
reasons, been conducted in nonhuman primates and humans. 
Since the ultimate clinical goal of research in this area is 
to increase the knowledge of the human ovulatory process 
for fertility regulation purposes, the research in human and 

nonhuman primates will be included and discussed in this 
review, even if the results of these studies are less complete 
regarding proof of function for any proposed ovulatory mediator.

In general, the ovulatory process includes profound 
changes in gene expression in the theca cells, the mural gran-
ulosa cells, the cumulus granulosa cells, the oocyte, and 
invading leukocytes, which are the main cellular compart-
ments of the follicle. A coordinated array of signals in all 
these compartments leads to changes in the oocyte toward 
oocyte maturation, in the follicular apex toward rupture, and 
within the granulosa and theca cells toward luteinization.

9.2  Dynamics of Ovulation

This review is primarily focused on the molecular events of 
ovulation. However, when looking at the ovulatory process 
from a scientific standpoint, it may be beneficial to be able to 
identify the dynamic macro and microscopic changes in the 
follicular apex during the ovulatory interval. This will help 
the researcher to understand the entire process and could also 
give ideas about possible molecular changes that may occur 
and that can be tested in properly designed experiments.

Our group has performed cinematographic and intravital 
microscopic studies of ovulation in rabbit and rat. In experi-
ments on the in vitro perfused rabbit [1] and rat [2] ovary, 
typical features during the ovulatory interval could be 
observed. However, the results of these in vitro observations 
may not directly be pertinent to the conditions in vivo since 
several important components such as blood supply, nervous 
influence, and lymphatic drainage are missing during in vitro 
perfusion. In follow-up studies, we were able to capture ovu-
lation in vivo both in rat [2] and in rabbit [3] in experimental 
setups in which the ovary was exteriorized but connected 
to the animal that was under anaesthesia. The main findings 
of these studies were that of a gonadotropin-induced change in 
the shape of the follicle, which was followed by alterations 
in the microcirculation over the apex. Vasomotion was first seen, 
but the blood flow then gradually disappeared to leave an 
avascular zone over the apex. Within minutes before rupture, 
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a cone-shaped stigma was formed, and the major rupture of 
the thinned exterior follicle wall was in most instances accom-
panied by profuse bleeding. This bleeding stopped within 
minutes, but the extrusion of granulosa cells went on for sev-
eral minutes after the oocyte had been expelled. Some typical 
features are shown in Fig. 9.1.

9.3  Endocrine Signal and Second 
Messengers

The mid-cycle gonadotropin surge of luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) from the pitu-
itary is the initiator of ovulation. The LH component of the 
gonadotropin surge is the major trigger, (Fig. 9.2) but FSH 
has a specific role on the cumulus granulosa cells to induce 
mucification [4, 5]. It should be pointed out that older studies 
in rat demonstrated that purified FSH by itself can induce 
ovulations [6, 7], although not as effectively as LH.

Several studies clearly show that LH is the physiological 
trigger of ovulation by binding to the LH receptor. The LH 
receptors are present in high density on theca cells and on mural 
granulosa cells, but the density on the cumulus granulosa cells 
is substantially lower [8]. The importance of activation of the 
LH receptor for ovulation is shown by findings in LH receptor 
null mice, which do no ovulate [9] and the observed impaired 
ovulation in estradiol receptor beta null mice, which have con-
siderably reduced number of LH receptors [10].

Several separate intracellular signalling pathways have 
been implicated as further mediators of LH action to alter 
transcriptional complexes that mediate upregulation in 
expression of ovulatory genes and down-regulation in expres-
sion of genes that counteract ovulatory changes. The 
LH-receptor, which is a G-protein-coupled-receptor, acti-
vates membrane-associated adenylate cyclase leading to 
generation of cyclic AMP. An activation of cAMP-dependent 
protein kinase A (PKA) occurs and downstream of that the 
cAMP response element-binding protein (CREB) becomes 
phosphorylated [11]. A rapid consequence of cAMP-PKA 
activation is additional activation of the extracellular regu-
lated kinase (Erk) pathway [12, 13]. Other second messenger 
pathways for LH action involve phosphoinositide production 
[14] and phospholipase C activity [15].

9.4  Transcriptional Regulation

The signalling pathways that are induced by the LH surge 
alter transcriptional regulation mainly in the follicular cells 
that carry a high density of LH-receptors, such as the mural 
granulosa cells and theca cells, but also in the cumulus 
granulosa cells with lower levels of LH-receptors. Indirect 
regulation of transcription by LH seems to occur in invading 
leukocytes. The reprogramming of gene expression leads to 
that a large number of genes become markedly upregulated. 
However, there is also a downregulation of several genes, 
and this negative regulation may also be important.  

Fig. 9.1 Ovulation in vivo in rabbit ovary. The shape of the follicle is 
changed during the ovulatory process (a) with the rupture accompanied 
by initial bleeding (b) followed by expulsion of granuolsa cells and 
the oocyte (c)
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Taken together, the net effect of these changes in gene 
transcription is that the processes of degradation of the 
follicular apex, induction of oocyte maturation, and luteal 
transition of the steroid-producing cells get initiated and 
proceed undisturbed during the ovulatory interval. This 
interval spans over about 12–15 h in rodent animals [16] and 
about 32–40 h in human [17] and primates [18].

The serum response factors 1 and 3 (SP1, SP3) have 
key roles as transcriptional activators in the granulosa 
cells during ovulation. These transcription factors are 
constitutively expressed in granulosa cells, but show an 
increased binding to several gene promoters after LH 
induction [11]. This leads to induction of secondary tran-
scription factors with specific roles to regulate transcrip-
tion of a number of ovulatory genes. Examples of these 
transcription factors, with major roles in the ovulatory 
process, are Jun, Fos [19], and early growth response-1 
(Egr-1) [11]. Major effects on transcription during ovula-
tion are also carried out by various transcriptional regula-
tors. The nuclear receptor coregulator RIP140 [20, 21], 
CEPB beta [22], and RUNX1 [23] are expressed in granu-
losa cells at high levels after LH in rats and regulate the 
transcription of numerous genes.

9.5  Progesterone

The most central transcription regulator in ovulation is the 
progesterone receptor (PR). The PR is primarily induced by 
the cAMP-PKA system, and further by binding of SP1-SP3 
to GC-box elements in the PR promoter [24]. The PR has 
two transcriptional starting sites producing two distinct iso-
forms of the receptors, PR-A and PR-B. The PR can function 
both as a classical transcription factor by binding to DNA, 
but also as a co-regulatory factor [25]. The expression of the 
two isoforms, PR-A and PR-B, varies between tissues and 
species. In rodent granulosa cells, PR-A seems to be the pre-
dominant form [26]. The two PR isoforms have differential 
effects on expression [27].

Experiments in monkeys have revealed that PR-B is the 
predominant form in the ovary, with a localization also in the 
theca [28]. In human ovaries, both PR-A and PR-B isoforms 
are found in granulosa and theca cells, but with PRA found 
at higher levels [29].

At the same time, as the LH-induced increase in PR 
expression is seen in the follicular cells, there is a substantial 
amplification in P synthesis within the follicle. It has been 
known for a long time that P plays a central role in ovulation. 

Fig. 9.2 Schematic overview of the mediators of ovulation and their role in the ovulatory process. The granulosa and theca cells are the sites for 
LH binding and action through 2nd messengers, transcription regulators and several factors that directly promote changes that lead to ovulation. 
Immune cells are drawn into the follicle from the blood by action of chemokines, are activated by cytokines and are rich sources of several 
ovulatory mediators
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This was first demonstrated in the rat where P antiserum 
inhibited ovulation in vivo [30]. Later experiments with the 
in vitro perfused rat ovary could demonstrate that ovulation 
was inhibited by suppression of ovarian P production and 
that this ovulatory block could be reversed by exogenous 
addition of P [31]. It was later shown that the effects of P on 
ovulation was carried out by the PR, since the PR receptor 
blocker RU 486 inhibited ovulation in the in vitro perfused 
rat ovary preparation [32].

Subsequent experiments with mice deficient in both PR-A 
and PR-B demonstrated infertility among these mice and 
that they did not ovulate spontaneously or in reponse to 
exogenous gonadotropins [33]. Further generations of mice 
deficient in either PR isoforms showed that the PRA-deficient 
mouse were almost anovulatory and that the PR-B deficient 
mouse ovulated normally [34]. Several genes have shown to 
be down-regulated in PR-A deficient mouse. These genes 
include the proteases ADAMTS-1 (a disintegrin and metal-
loproteinase with thrombospondin-like repeat), cathepsin L 
[35] as well as amphiregulin [36]. The function of these 
PR-regulated factors in ovulation are further discussed in the 
following lines.

The essential ovarian role of P in ovulation has also been 
demonstrated in the non-human primate macaque, in which 
a steroidogenic inhibitor blocked ovulation, with this block-
age being reversed by exogenous P [37]. Such experiments 
have of natural reasons not been conducted in the human. 
However, an in vitro study on incubated pieces of the human 
follicular wall indicated that P promoted the breakdown of 
the follicular apex since the presence of this steroid decreased 
incorporation of proline into collagen [38].

9.6  Eicosanoids

Eicosanoids are autocrine and paracrine mediators that derive 
from arachidonic acid (AA) mobilized from the cell mem-
branes. Cyclooxygenase (COX) enzymes metabolize AA 
into prostaglandins (PGs) and thromboxanes. Lipoxygenases 
metabolize AA into leukotrienes (LTs) and hydroxyeicosa-
tetranoic acids.

Several studies have shown that PGs and LTs are instru-
mental in the intraovarian events of ovulation. More than 
30 years ago, it was demonstrated that PGs may play a 
role in ovulation as shown by inhibition of ovulation in rat 
by various unselective blockers of COX [39]. Further 
studies showed that the COX-1 enzyme is constitutively 
expressed in the theca cells, and that COX-2 is induced in 
the granulosa cells by LH [40]. This induction of COX-2 
results in major increases of the follicular levels of PGs, 
and in rat, a 50-fold increase of PGF2alpha levels were 

seen at ovulation, with a somewhat smaller increase in PGE2 
levels [41, 42]. The importance of granulosa cell-derived 
PGs by the COX-2 enzyme was demonstrated by studies 
with the in vitro perfused rat ovary, in which a selective 
COX-2 blocker dose-dependently reduced ovulation rate 
[43]. Studies with gene-deleted mice demonstrated that 
COX-2 deficient mice exhibit impaired ovulation [44] and 
that the ovulation rate is restored by exogenous administra-
tion of PGE2. In contrast, COX-1 deficient mice display ovu-
lation rates similar to wild type mice [45]. There is an 
increased follicular production rate of PGs during ovulation 
and several types of receptors for PGE2 are induced in the 
granulosa cell compartment during ovulation, as clearly 
shown in mice [46, 47].

The PGs system in the primate ovary at ovulation is par-
ticularly well studied in the macaque monkey, in which PG 
concentrations in follicular fluid rise during the last 10 h of 
the ovulatory interval as a result of a previous rise in COX-2 
expression both in granulosa and theca cells [48]. In this spe-
cies, the effect on PG synthesis by LH may not only be attrib-
uted to increased expression of COX-2 since also the 
cytosolic enzyme phospholipase A2, which promotes AA 
release from the cell membrane, is induced in granulosa cells 
by LH [49]. In the human, nonselective COX inhibitors block 
ovulation [50], and a selective COX-2 inhibitor delays folli-
cular rupture [51]. The important PG in the human seems to 
be PGE2, which is secreted by human granulosa cells [52] 
that also express the EP-2 receptor [53].

Several LTs are induced in the ovary by the preovulatory 
gonadotropin surge [54], and pharmacological inhibitors 
of lipoxygenases reduce the ovulation rate [55]. Especially, 
LTB4 has been ascribed a facilitating role in ovulation 
since a specific LTB4 receptor antagonist inhibits ovulation 
in rat both when given intrabursally in vivo and when 
administered in the perfusion media of in vitro perfused rat 
ovaries [56].

The exact roles of the eicosanoids in ovulation are not 
fully understood, but effects on the vasculature to promote 
permeability and promotion of connective tissue degradation 
have been suggested as important.

9.7  Angiogenic Factors

The ovary is a highly vascularized organ with dramatic 
changes during the ovarian cycle. The ovarian blood flow is 
increased within minutes after the LH surge [57], and at the 
same time, there is a redistribution of blood flow around the 
preovulatory follicle so that more blood is directed toward 
the base of the follicle and less to the apex of the follicle 
[58]. Simultaneously, there is an increase in the vascular 
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permeability of the capillaries [59, 60] that are abundant in 
the theca layer [61]. It is proposed that angiogenesis, 
increased blood flow and the augmented permeability are 
important for follicular rupture to occur.

Several vasoactive mediators have been shown to contrib-
ute to the ovulatory process and may be responsible for these 
changes. These vasoactive mediators include eicosanoids 
[59], nitric oxide [62, 63], angiotensin II [64], vascular 
endothelial growth factor [65], endothelin-2 [66], and angio-
poetin [65].

9.8  Epidermal Growth Factor like Factors

During recent years, it has become evident that the epider-
mal growth factor receptors (EGFRs) – ligands epiregulin, 
amphiregulin, and betacellulin–exert effects on the ovula-
tory process. These factors are rapidly induced by LH in the 
mouse ovary, and they trigger meiosis and cumulus expan-
sion in follicles in vitro [67]. Further studies in rat have con-
firmed these roles in ovulation but also shown that the EGFR 
ligands are important for expression of several ovulation-
associated genes and that an EGFR kinase receptor inhibitor 
attenuates hCG-induced ovulation [68]. Both amphiregulin 
and epiregulin are induced by LH in human granulosa-lutein 
cells [69].

9.9  Proteases and Their Inhibitors

The extracellular matrices (ECMs) of the theca externa, the 
overlying stroma, and the tunica albuginea as well as the two 
basal membranes of the exterior wall of the preovulatory fol-
licle are rich in collagens [70]. These fibrils and networks of 
collagens as well as the other components of the ECM make 
up the tensile strength of the follicle wall that can balance the 
positive intrafollicular pressure [71].

A tight regulation of ECM remodeling in these com-
partments seems to be a requirement for ovulation. 
Modulation of cell-matrix communication takes place 
through the action of proteinases that are not only respon-
sible for protein degradation but also control signals pro-
duced by other matrix molecules. The proteinases that 
have been most extensively studied in relation to ovulation 
are the matrix metalloproteinases (MMPs) [72–76], the 
plasmin/plasminogen activator (PA) system [72, 77], and 
the ADAMTS family [78, 79]. The experimental evidence 
for their role in the ovulatory process is summarized in the 
following lines.

9.9.1  Matrix Metalloproteinases

The MMPs are zinc-dependent, neutral endopeptidases that 
synergistically degrade the major ECM components, in par-
ticular collagens and proteoglycans [80]. The MMP family is 
subdivided into collagenases, gelatinases, stromelysins, 
matrilysins, membrane-type MMPs (MT-MMPs) based on 
their substrate specificity and molecular structure [81]. It is 
assumed that their major role in ovulation is to degrade the 
fibrils and networks of collagen that make up the tensile 
strength of the follicular wall and thereby facilitate rupture.

The MMPs are strictly regulated on multiple levels, 
including gene transcription as well as post-translational 
influences such as activation of proMMPs and regulation by 
humoral inhibitors like a2-macroglobulin and particularly 
endogenous inhibitors of the family tissue inhibitors of met-
alloproteinases (TIMPs). The four types of TIMPs (TIMP-1, 
-2, -3 and -4) are major regulators of ECM remodelling in 
several organs [82–85]. Recent studies have concluded that 
TIMPs also exhibit growth factor-like activity and inhibitory 
action on angiogenesis [84], activities that seem to be inde-
pendent of an inhibitory activity on the MMPs.

A great number of studies have been conducted in rodents 
to explore the role and the temporal expression patterns of 
the various MMPs and TIMPs. By use of inhibitors of varying 
selectivity for specific MMPs, ovulation in rat ovary was 
inhibited both in vivo [86] and in vitro [87].

The gelatinases (MMP-2, 9) may play key roles in degra-
dation of the basal lamina separating the granulosa and theca 
layers as well as to further hydrolyze denatured fibrillar col-
lagens following their initial cleavage by the collagenases. In 
the rat ovary, MMP-2 mRNA expression is stimulated by LH, 
while MMP-9 expression is unchanged throughout the perio-
vulatory period [88]. Certain species differences seem to exist 
also in rodents since in the mouse ovary MMP-9 mRNA 
increases after LH-stimulus, whereas MMP-2 is unchanged 
[35, 89]. However, even if results of the two studies in the 
mouse suggest a role for MMP-9 in the remodelling events 
during ovulation, gene-deletion experiments have indicated 
that MMP-9 by itself does not seem to have an essential role 
in ovulation [90]. The lack of effect of could be explained by 
a redundancy in the system so that other MMPs could com-
pensate for the lack of functional MMP-9. A key regulator in 
regulation of the gelatinases within the ovary may be the 
cytokine interleukin (IL) -1, since IL-1b dose-dependently 
induced secretion of MMP-9 in cultures of whole ovarian dis-
persates [91]. The cytokine IL-1b furthermore inhibits PA 
activity in cultured rat granulosa cells [92], suggesting that 
IL-1 interacts with both the MMP and PA system.

The inhibitors TIMP-1 and TIMP-2 are capable of inhib-
iting the activities of most MMPs and as such play key roles 
in maintaining the balance between ECM deposition and 
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degradation [83]. TIMP-1 and TIMP-2 are secreted as 
glycoproteins and bind to the active form of many MMPs, 
especially to MMP-9 and MMP-2, respectively. Ovarian 
expression of TIMP-2 mRNA was not changed during ovula-
tion in rat [93] or in mouse [94]. The study in the rat indi-
cated that mRNA for TIMP-1 is localized to the stroma and 
theca of developing follicles [93] and that the expression is 
markedly increased after hCG stimulus [95]. The mRNA lev-
els of TIMP-1 are maximally increased at late proestrus in 
the natural estrous cycle of the mouse [94]. In more detailed 
temporal studies in immature eCG-primed rodent models, an 
increase of TIMP-1 mRNA was seen after hCG both in rat 
[96, 97] and mouse [89]. The localization of TIMP-1 during 
ovulation in the rat switches from thecal origin to a granulosa 
cell-derived pattern [93]. A redundancy in the role of differ-
ent TIMPs in ovulation is suggested by that the deletion of 
the gonadotropin-induced TIMP-1 gene in mice does not 
change the phenotype of the animals in regards to ovulatory 
frequency and fertility [98]. The modulation of TIMP-1 on 
other components of the MMP-TIMP network is suggested 
by the reduced levels of ovarian TIMP-2 and TIMP-3 expres-
sion in the TIMP-1-deficient mice [98]. The role of granu-
losa cell-derived TIMP-1 may not only be to regulate MMP 
activity. Several studies point towards that TIMP-1 regulates 
steroidogenesis within the granulosa cells. Thus, a TIMP-1 
like protein was reported to stimulate P production in rat 
granulosa cells [99]. Moreover, recombinant human TIMP-1 
stimulates estradiol production in cultured mouse granulosa 
cells [98], while mice deficient in TIMP-1 exhibit reduced 
blood levels of estradiol [100] and P [100]

Membrane type 1-matrix metalloproteinase (MT1-MMP) 
has been identified in vitro as an activator of pro-MMP-2, 
carried out by formation of a complex with TIMP-2 [101]. 
The MT1-MMP-associated MMP-2 activation increases in 
rat ovary in response to an ovulatory dose of hCG [102] indi-
cating that MT1-MMP mRNA may be an important part of a 
mechanism required for efficient production of active MMP-2 
during the ovulatory process.

The MMP-TIMP system does also seem to be functional 
in the ovary during ovulation in nonhuman primates and the 
human. The gelatinases are expressed in the preovulatory 
follicle of the macaque monkey with the mRNA levels of 
MMP-9 only slightly increased just prior to follicular rup-
ture, but a greater increase of MMP-2 mRNA is seen already 
after 12 h into the ovulatory interval [103]. In this species, 
MMP-1 seems to be the major MMP since it is highly upreg-
ulated in granulosa cells during ovulation [103]. On the other 
hand, TIMP-1 mRNA is maximally increased at the preovu-
latory stage in the natural menstrual cycle of the macaque 
monkey [104]. The local regulation of expression of MMP-1 
and TIMP-1 in the nonhuman primate ovary seems to be car-
ried out by both P and PGs [105].

In the human, initial findings of increased collagenolytic 
activity within human follicular fluid at ovulation [106] and of 
a higher collagenase activity in ovarian tissue of menstruating 
women compared to after menopause [107] suggested a role 
for the MMP-TIMP system in the follicular ECM remodelling 
during ovulation. Our group has examined the expression 
patterns of the gelatinases and their respective inhibitors in 
and around the human follicle during precise stages of hCG-
induced ovulation in natural cycles. In the perifollicular 
stroma, there was a significant increase during ovulation of 
both mRNA and protein levels of TIMP-1 [108]. A study on 
material from IVF-cycles shows that human granulosa lutein 
cells contain mRNA for TIMPs [109] and high levels of 
TIMP-1 protein is present in follicular fluid of IVF [110]. In 
our studies, we saw also an almost 100-fold increase of 
TIMP-1 mRNA in the granulosa cells during ovulation and a 
somewhat smaller increase in the theca cell compartment 
(unpublished observations). We have also identified a large 
increase of MMP-9 mRNA in both the granulosa and theca 
cell compartments, and clear immunostainings for both 
TIMP-1 and MMP-9 in both the granulosa and theca cells are 
seen with an increase during ovulation (our unpublished 
results). Proteins for MMP-2 and MMP-9 have been found in 
follicular fluid of IVF patients [110]. A role for the MMP/
TIMP system in regulation of steroidogenesis also in the 
human ovary is suggested by the fact that the MMP-2/TIMP 
ratio in cultures of human luteinized granulosa cells is inversely 
related to P levels [111].

9.9.2  The Plasmin/Plasminogen  
Activator System

The key components of the plasmin/PA system are the prote-
olytic activators, tissue-type PA (tPA) and urokinase-type PA 
(uPA), the proenzyme plasminogen and its enzymatically 
active degradation product, plasmin, together with the cen-
tral inhibitors of this system, PA inhibitor-1 and -2 (PAI-1, 
PAI-2) [72]. This system is activated by the release of tPA or 
uPA from specific cells, initiated by external signals such as 
cytokines, growth factors, and hormones [112]. Plasmin, the 
end product of the PA cascade, is able to cleave ECM pro-
teins, regulate growth factor activity and to convert some 
proMMPs into active MMPs.

The expression and secretion of PAs and PAIs during ovu-
lation is induced in a cell-specific and time-coordinated man-
ner by gonadotropins as demonstrated in several species such 
as rat [113], the mouse [114], the pig [115], and the rhesus 
monkey [116]. Thus, in rat, tPA expression in granulosa and 
theca-interstitial cells was induced by gonadotropins, and 
PAI-1 was up-regulated in the theca-interstitial cells and the 
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surrounding stroma 6 h before follicular rupture [113]. By 
comparison, uPA, expressed by granulosa cells, appears to 
be the most abundant and most noticeably up-regulated PA 
during the ovulatory process in the mouse [114]. There was 
also a synchronized up-regulation of tPA in theca-interstitial 
tissue, also in the mouse [114]. Moreover, in the macaque 
monkey, high tPA expression in granulosa cells was seen 
during ovulation, and this was accompanied by a decline in 
theca-derived PAI-1, resulting in a shift in the balance of 
substrate and inhibitor, which may assist in the breakdown of 
the follicular wall [116]. The PA-system has not been exten-
sively investigated during ovulation in the human. A limited 
number of studies have been performed on granulosa-lutein 
cells from IVF-cycles showing relative abundance of PAI, 
yet little or no PA [117, 118].

Even though a considerable body of indirect evidence 
obtained from different species has indicated that the 
PA-system plays a role in ovulation, studies on knockout 
(KO) mice with single deficiencies for either of the compo-
nents of the PA system, as well as on tPA/uPA double defi-
cient mice, have shown that these mice are fertile although 
the ovulation rate was reduced to some degree in the double 
KO mouse [119, 120]. Taken together, this indicates that the 
PA-system may be of less importance for follicular rupture, 
but at the same time, it is likely that a great redundancy has 
been built in this very important reproductive process, so that 
other pathways may be able to compensate for the deficiency 
of one pathway.

9.9.3  ADAMTS

The ADAMTS enzymes are functionally grouped according 
to their substrate specificity and today the family includes 19 
members. Concerning the ovary, ADAMTS-1 has attracted 
most attention. It has clearly been shown that ADAMTS-1 
expression is selectively induced by LH in mural and cumu-
lus granulosa cells of the preovulatory follicle of the mouse 
[35], rat [121], and horse [122]. This upregulation of 
ADAMTS-1 is brought about by an effect on PR [25, 35]. 
Functionally associated family members such as ADAMTS-4 
and ADAMTS-5 have been studied in the mouse ovary 
wherein ADAMTS-4 was induced by LH in mural and cumu-
lus granulosa cells and ADAMTS-5 was expressed in granu-
losa cells of all healthy follicles [123].

It is known that ADAMTS-1 proteolytically can process 
large proteoglycans indicating a potential role in ECM turn-
over in the ovary during ovulation. The proteoglycan versi-
can is synthesized by the mural granulosa cells and 
participates in the organization of the cumulus ECM by bind-
ing hyaluronic acid [124]. During ovulation, ADAMTS-1, 
mostly secreted by the mural granulosa cells, concentrate to 

the matrix of the expanding cumulus and cleave versican 
during this process [125]. Selective induction of ADAMTS-4 
in theca cells by the LH surge may coordinate with 
ADAMTS-1 to cleave proteoglycans such as versican of the 
basal lamina prior to ovulation [123]. This ADAMTS-
mediated versican cleavage may be required for matrix orga-
nization during the large expansion of the inter-cellular space 
of the cumulus-oocyte complexes, and in addition, 
ADAMTS-1 may modulate the release or efficacy of specific 
growth factors [126].

ADAMTS-1 null mice have exhibit markedly reduced 
ovulation rates and show oocytes retained within luteinised 
follicles [127] as well as follicle dysgenesis, ranging from 
focal disruption in ECM integrity to complete loss of follicu-
lar structure during folliculogenesis [128]. This subfertile 
phenotype is similar but not identical to the ovarian pheno-
type of PR-null mice [35]. This points towards that 
ADAMTS-1 partly mediates its biological functions via PR. 
Compensation in ADAMTS-1 null mice may be carried out 
by other components, such as ADAMTS-4 and ADAMTS-5, 
which also are expressed in granulosa cells and share enzy-
matic properties with ADAMTS-1 [129].

ADAMTS-1 is highly expressed in luteinized granulosa 
cells of the nonhuman primate ovary follicle [130], but its 
regulation is till date unknown. In the human ovary, 
ADAMTS-16 was shown to be expressed in the mural granu-
losa cells of preovulatory follicles and experiments with cul-
tured granulosa-lutein cells revealed stimulation by FSH but 
not LH [131].

9.10  Immune Cells

Certain subtypes of immune cells are drawn into the preovu-
latory follicle as a consequence of the LH-induced changes 
in follicular gene-expression. These immune cells seem to be 
actively engaged in the changes that bring about follicular 
rupture since leukocyte supplementation increased the 
LH-induced ovulation rate in the perfused rat ovary [132].

There seems to be a selectivity in the accumulation of 
immune cells in the preovulatory follicle at ovulation. In rat 
ovary, predominantly macrophages and neutrophils are found 
in the theca layer of the follicle after the LH-surge [133]. 
Evidence for a functional role of macrophages in ovulation are 
that mice with extremely low monocyte/macrophage counts, 
because of a mutation within the macrophage-colony stimulat-
ing factor (M-CSF) gene, exhibit markedly reduced ovulation 
rate [134]. Likewise, administration of clondronate liposome 
or M-CSF neutralizing antibodies into the ovarian bursa of 
eCG/hCG primed rats, to deplete the ovary from macrophages, 
results in decreased ovulation rate [135]. Interactions between 
monocyte integrins and endothelial adhesion molecule -1 
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(ICAM-1) of the follicular microvasculature mediate firm 
adhesion of the monocytes and enable their migration between 
the endothelial cells into the ovary [136] and further differen-
tiation into macrophages. A role for neutrophils in ovulation is 
suggested by that neutrophil-depletion from the peripheral 
blood decreases the ovulation rate in rat [137].

Several studies exist on the presence of leukocytes in the 
human ovary at ovulation. Studies on human follicular fluid 
of IVF patients revealed existence of a number of leukocyte 
subtypes in the fluid at different concentrations [138]. The 
number of leukocytes in human follicular fluid does not cor-
relate to the numbers of erythrocytes in the fluid, implying 
that the leukocytes are selectively drawn into the follicle 
[138]. The most abundant leukocytes subtype in the human 
ovary seems to be the macrophage [139, 140]. A fairly large 
population of macrophages has been identified close to the 
capillaries in the stroma of the human ovary [141], and a 
raise in macrophage density in the tunica albuginea and the 
theca layer of the human follicle is seen just prior to ovula-
tion [139]. Moreover, an increasing number of macrophages 
was seen in the perifollicular stroma during hCG-induced 
human ovulation of natural cycles from well defined ovula-
tory stages. Upon activation in the tissue, the macrophage 
produces an array of biologically active substances including 
ECM remodelling enzymes (see above) and cytokines (see in 
the following section).

9.11  Cytokines and Chemokines

Cytokines belong to a group of more than 100 proteins with a 
large number of overlapping functions to carry out autocrine/
paracrine regulation of immune cells and also other type of 
cells. The family of cytokines includes members such as 
interleukins (IL), tumour necrosis factors (TNFs), interferons 
(IFNs), colony stimulating factors (CSFs), and chemokines.

Many cytokines have been linked to the ovulatory process 
by demonstrations of increased mRNA expression or protein 
levels within the ovary after an LH stimulus or by direct 
demonstrations of functional roles in ovulation. Most of 
these ovulation-associated cytokines are produced by the 
activated macrophage, and these cytokines are also expressed 
in granulosa and theca cells.

Interleukin-1 is a central regulator of ovulation as first 
demonstrated by that recombinant IL-1 potentiated the 
LH-induced ovulatory rate in the perfused rat ovary 
preparation [142]. In a similar in vitro system, the natural 
occurring IL-1 antagonist was shown to suppress ovulation 
[143]. This cytokine has effects on several pathways of the 
ovulatory cascade such as P synthesis [143], induction of 
gelatinases [91], and nitric oxide synthase activity [144]. The 
cytokine IL-1 is present human follicular fluid, albeit at fairly 

low concentrations [145]. The other major proinflammatory 
cytokine, TNF-a may also carry a functional role in ovulation 
since it induces ovulation in the perfused rat ovary [146] and 
intrafollicular injection of TNFa antiserum blocks ovulation 
in the sheep ovary [147]. This cytokine is also present in 
human follicular fluid and may have effects to stimulate cell 
proliferation and PG production [148].

The cytokine macrophage-CSF (M-CSF) increase the 
number of macrophages in rat ovary and as a consequence of 
this induce a higher ovulation rate [149]. In the same study, 
administration of an anti-M-CSF antibody inhibited ovula-
tion. Another CSF with effects on macrophages is granulo-
cyte-macrophage-CSF (GM-CSF), which is produced in 
large quantities at ovulation in rat [150]. Mice with gene 
deficiency in the GM-CSF gene exhibit similar ovulation 
rate as control animals, but the ovaries produce less P and 
contain fewer leukocytes [151]. The cytokine GM-CSF is 
present in human ovaries, and the levels in follicular fluid 
increases during hyperstimulation [152].

Cytokines, with mainly chemotactic activity on leukocyte 
populations, are named chemokines. Based on the position 
of their cysteine residues, the chemokines are divided into 
four subgroups (CC, CXC, C, and CXC3). The two major 
chemokine families are the CC-chemokines with activity 
towards monocytes/macrophages, basophils and T-cells and 
the CXC-chemokines with activity towards T-lymphocytes 
and neutrophils. Interleukin-8 and GROa are examples of 
chemokines that belong to the CXC-chemokine family. 
Monocyte chemotactic protein (MCP), monocyte inflamma-
tory protein (MIP), and RANTES (regulated upon activation 
normal T-cell expresses and secreted) belong to the 
CC-chemokine family.

Chemokines act by binding to specific cell surface recptors 
that signal through G-binding proteins [153]. In the human, 
eight CC chemokine receptors (CCR) and 4 CXC chemokine 
receptors (CXCR) have been identified [153]. A concentration 
gradient of chemotaxis is maintained within the tissue by the 
clearance of chemokines from the circulation by the erythro-
cyte chemokine receptor DARC (Duffy antigen receptor for 
chemokines) and neutralization of the chemokines in ECM by 
binding to heparin sulphate and other proteoglycans. The net 
effect is a concentration gradient of chemokines in the tissue 
which ensures the leukocytes to migrate towards the chemot-
actic gradient [153]. The proinflammatory cytokines IL-1 and 
TNFa, are the main stimuli for chemokine production, but 
also interferon-g (IFNg) and IL-4 synergize with IL-1 and 
TNFa to stimulate chemokine secretion [153].

Several studies report chemokines to be upregulated dur-
ing the ovulatory process. Thus, MCP-1, MCP-3, and GROa 
are induced in rat ovary during ovulation [154], and the 
CC-chemokine TECK (thymus expressed chemokine) shows 
a more than 100-fold induction in the mouse ovary 10–12 h 
after hCG [155].
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In the human ovary, the chemokines IL-8 [156–159] and 
M-CSF [160] were found at significant concentrations. 
Concerning IL-8, the follicular fluid levels were more than 
tenfold higher at ovulation as compared to the follicular 
phase and gonadotropins stimulated human granulosa cells 
of natural cycles to IL-8 synthesis [158]. The CC-chemokine 
RANTES was detected in cultures of human granulosa cells 
and the proinflammatory cytokine TNFa potentiated 
RANTES production [161].

The chemokine which seems to be most essential for the 
intraovarian events of ovulation is MCP-1, which in the 
human consists of 76 amino acids [162]. This mediator is 
produced by a number of cell types, such as epithelial and 
endothelial cells, fibroblasts, chondrocytes and tumour cells, 
but the major source of MCP-1 is the monocyte/macrophage 
[163]. Expression of MCP-1 is stimulated by IL-1b, TNFa, 
M-CSF, and IFNg, but production in the absence of stimuli 
has also been reported [164]. The receptor for MCP-1 is 
CCR2, which is expressed on monocytes, T-cells, natural 
killer cells, and basophils [153]. The major effect of MCP-1 
is recruitment of circulating monocytes into different tissues, 
with secondary roles being stimulation of migration of 
T-lymphocytes, proliferation of vascular smooth muscle 
cells, cytotoxic activity of T/NK-cells as well as synthesis of 
proinflammatory cytokines by macrophages [165]. This lat-
ter activating effect of MCP-1 on monocytes/macrophages 
also involve induction of respiratory burst, expression of the 
b

2
-integrins, and production of IL-1 and IL-6 [163]. Thus, 

this dual effect to attract and activate the macrophage may be 
important to allow early activation of an attracted mac-
rophage at ovulation.

Much interest has been focused on the mechanisms behind 
the attraction of monocytes/macrophages into the preovula-
tory follicle during the inflammation-like ovulatory process. 
In an investigation of the expression patterns in the mouse 
ovary during the periovulatory interval, a substantial upregu-
lation of MCP-1 was seen during ovulation [166]. In rat 
ovary, an 18-fold upregulation of MCP-1 was seen when the 
preovulatory levels were compared with the levels 6 h after 
administration of an ovulatory gonadotropin stimulus [154]. 
Concerning the human ovary, MCP-1 levels were found to be 
higher in follicular fluid of hyperstimulated IVF-cycles than 
in peripheral blood [167–169], indicating a substantial local 
production of this cytokine in the ovary. The concentrations 
of MCP-1 in human follicular fluid were markedly higher as 
compared to blood plasma in menstrual cycles [169], with a 
3-fold difference during follicular phase and a 25-fold differ-
ence during the late ovulatory phase.

In vitro experiments with cultured human granulosa 
cells showed synthesis of MCP-1 with IL-1 and TNFa being 
stimulatory [167, 170]. The chemokine MCP-1 is also 
produced in other cellular compartments within the human 
follicle since MCP-1 mRNA levels were increased in the 

perifollicular stroma around the preovulatory follicle after 
an ovulatory injection of hCG had been given [171]. In the 
latter study, a large number of macrophages were seen at this 
site immediately outside the theca layer and the MCP-1 
receptor (CCR2) were found in increasing concentrations as 
ovulation proceeded. It may well be that there is a requirement 
of high local concentrations of MCP-1 in the follicle for a 
full ovulatory response with oocyte maturation, degradation 
of the follicular apex, and luteinization, since a correlation 
exists between protein levels of MCP-1 in follicular fluid and 
the probability of a follicle containing a mature oocyte in 
IVF cycles. [170]
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Abstract An infertility evaluation is designed to detect 
problems responsible for preventing pregnancy and is tra-
ditionally divided into male and female evaluations. The 
purpose of this chapter is to discuss the clinical evaluation 
of female infertility. Causes of female infertility include 
failure to have or release oocytes, failure to possess a patent 
reproductive tract receptive to an embryo, or a coexisting 
medical condition affecting all or some of the above. The 
evaluation to be performed to detect these causes, such as 
medical history and physical examination, assessment of 
oocyte reserve, assessment of patency of the female repro-
ductive tract, assessment of endometrial receptivity, and 
assessment of the abdominal pelvic cavity, is discussed in 
this chapter. Improvement in the success rates of the assisted 
reproductive technology procedure of IVF will continue to 
influence the evaluation of infertility. The balance between 
the necessity for certain clinical evaluations and financial 
expenses incurred for the patients must be weighed by both 
the infertile couple and treating physician.

Keywords Female factor infertility • Ovulation assessment 
• Reproductive tract patency • Endometrial receptivity  
• Clinical evaluation • Sonohysteroscopy • Hysteroscopy • 
Fragile X syndrome • Diminished ovarian reserve • Luteal phase 
defect • Pregnanediol-3 alpha-glucuronide • Laparoscopy

10.1  Introduction

In order for human pregnancy to occur in vivo a male gamete 
(spermatozoa) that is able to travel through the female repro-
ductive tract to encounter and fertilize a female gamete 
(oocyte) must exist. Following fertilization, the newly formed 

embryo must then travel to and implant itself within a receptive 
uterine cavity where it will grow and develop. Following 
implantation, the trophoblast created by the embryo within 
the uterine cavity begins to secrete human chorionic gonado-
tropin (hCG), which can be detected within seven days after 
ovulation using sensitive research hormone assays [1, 2]. At 
this stage of life, this gestation is now known as a “biochemi-
cal pregnancy”. Clinical research studies have revealed that, 
on average, there is a 24% chance of a clinically detectable 
pregnancy (pregnancy diagnosed by physician or conven-
tional pregnancy test) occurring during each month of unpro-
tected intercourse in women attempting to conceive [3]. 
Research studies using sensitive urinary HCG assays have 
also demonstrated a 22% loss in pregnancies before they are 
detected clinically [3, 4]. This would mean that there is 
approximately a 30–31% chance of pregnancy occurring 
during each month of unprotected intercourse. In 1982, 
investigators in France reported on the result of artificial 
insemination in 2,193 nulliparous women whose husbands 
were azoospermic [5]. In this study, using frozen donor 
semen samples, the cumulative pregnancy success rates after 
12 months ranged from 74.1% in women younger than 31 
years of age to 53.6% for women older than 35 years of age 
(Fig. 10.1). Due to data such as this, infertility is usually 
defined as the inability to conceive after one year of unpro-
tected intercourse. This definition has been criticized as 
being imprecise because of the fact that couples defined as 
being “infertile” are still able to become pregnant after 12 
months of trying without any treatment at rates approaching 
those for couples given treatment [6]. The definition of infer-
tility becomes important when determining when to perform 
a clinical evaluation. An infertility evaluation may be per-
formed only after a few months of being unable to conceive 
in older couples, while in younger couples waiting longer 
than one year to perform a clinical evaluation is also appro-
priate. In keeping with this view, the Practice Committee of 
the American Society for Reproductive Medicine recently 
defined infertility as a disease and indicated that evaluation 
and treatment for infertility is warranted after 6 months of 
inability to conceive in women over age 35 years [7].
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A formal infertility evaluation is designed to detect problems 
responsible for preventing pregnancy and is traditionally 
divided into male and female evaluations. It will be the purpose 
of this chapter to discuss the clinical evaluation of female 
infertility. Causes of female infertility include failure to have 
or release oocytes, failure to possess a patent reproductive 
tract receptive to an embryo, or a coexisting medical condi-
tion affecting all or some of the above. The evaluation to be 
performed to detect these causes will be discussed below in 
this chapter. A brief summary of the optimal evaluation of 
the infertile female has been created by The Practice 
Committee of the American Society for Reproductive 
Medicine (ASRM) in 2006, and readers may refer to this for 
reference [8]. When appropriate, comparisons will be made 
in this chapter to the recommendations made by the practice 
committee for the ASRM. It should be mentioned that these 
recommendations are currently undergoing review.

10.2  Medical History and Physical 
Examination

As the initial step in an infertility evaluation, an appropriate 
medical history should be taken with both partners present if 
possible. This should include a comprehensive gynecologic 
and obstetric history. The duration of infertility should be 
defined as the total duration of time over which sexual inter-
course without contraception has occurred without conception. 
Frequency of intercourse, use of lubricants with intercourse, all 
of which are either spermicidal or inhibitors of sperm motility 
[9] as well as any difficulties with intercourse should be dis-
cussed. Age at menarche, menstrual cycle interval, duration of 
menstrual blood flow, and presence or absence of dysmenorrhea 

should be inquired about. Past history of abdominal or pelvic 
surgery, pelvic infections and/or sexually transmitted diseases, 
and abnormal pap smears should be requested as well as any 
past history of serious medical illnesses. Cigarette smoking, 
alcohol consumption, and caffeine intake should be determined 
as cigarette smoking, alcohol consumption of more than four 
drinks per week, and caffeine intake of greater than 250 mg 
daily have all been associated with a decrease in fertility [10]. 
Past use of contraceptive methods should be obtained along 
with a history of current medication use. It is also extremely 
important to obtain the history relevant to preconception coun-
seling by identifying any family history of genetic defects, birth 
defects, or other serious medical illnesses. While trying to con-
ceive, the female partner should be taking at least 0.4 mg of 
folic acid daily at least one month prior to conceiving and then 
for three months after conception to reduce the risk of having a 
child born with a neural tube defect. Determination of the 
female partner’s blood type should be made so that in the case 
of any future obstetric event it will be known if administration 
of Rho (D) immune globulin should be administered to avoid 
Rh immunization. When appropriate, couples should be offered 
screening for transmittable genetic disorders such as cystic 
fibrosis or Tay-Sachs and immunity to the Rubella virus should 
be determined.

Physical and pelvic examinations should be performed 
with particular attention to identifying thyroid enlargement 
or nodules, breast nipple fluid discharges, and signs of andro-
gen excess. Pelvic examination with attention to identifying 
any vaginal or cervical abnormality should take place. If 
available in the office, transvaginal pelvic ultrasound is use-
ful to image the uterus and adnexal structures. In the absence 
of pelvic ultrasound, bimanual examination to determine 
uterine size and shape and the presence or absence of any 
adnexal abnormalities should be performed.

Fig. 10.1 Theoretical cumulative pregnancy success rates in the different age groups. The three curves differ significantly (p < 0.01). Group of less 
than 30 years old differs significantly from those of two older groups (p < 0.03 for those 31–35, and p < 0.001 for those over 35) (Adapted from 
Schwartz D and Mayaux BA, N Engl J Med 1982)
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10.3  Assessment of Oocyte Reserve

Oocytes must be present within the ovary of the female 
partner in order for pregnancy to occur. A clinical history of 
normal secondary sexual development followed by vaginal 
bleeding at regular intervals (every 21–35 days) provides 
evidence for the presence of oocytes, but does not give an 
indication of the number of oocytes remaining within the 
ovaries. Vaginal bleeding occurring at regular intervals sug-
gests that ovulation is taking place but does not prove it. 
Vaginal bleeding occurring more frequently than every 21 
days or less frequently than every 35 days suggests that ovu-
lation may not be occurring.

At birth there are approximately two million oocytes 
within each ovary [11] and no new oocytes are created within 
the ovaries after birth. Throughout a woman’s life, only about 
500 of these oocytes will be released into the pelvis through 
the process of ovulation and the remainder will undergo atre-
sia. With each passing year, fewer oocytes will remain in each 
ovary and the loss of all oocytes within the ovaries results in 
menopause. Menopause usually occurs between 50 and 51 
years of age and is defined as the absence of vaginal bleeding 
for one calendar year. During reproductive life there is a rise 
in the basal serum FSH level associated with increasing age 
[12]. This is associated with a decline in serum concentra-
tions of inhibin B indicating that this may be the result of 
fewer early stage (primordial to antral) follicles [13]. During 
the human menstrual cycle, the serum concentration of FSH 
is lowest during the first week of the cycle with the normal 
ranges for FSH during the different phases of the menstrual 
cycle provided by the laboratory performing the hormonal 
measurement. Serum concentration of FSH, which exceeds 
the normal range early in the menstrual cycle, implies that 
ovarian oocyte reserve could be diminished and could serve 
as a warning that attempts to conceive should take place 
sooner rather than later. In addition, the measurement of an 
elevated level of FSH early in the menstrual cycle in women 
younger than 40 years of age may indicate premutation car-
rier status of Fragile X necessitating screening [14].

Fragile X syndrome is the most common inherited form 
of mental retardation and is transmitted in a X-linked reces-
sive manner. Expansion of the trinucleotide DNA segment 
(cytosine-guanine-guanine) of the affected X chromosome 
results in altered transcription of the fragile X mental retar-
dation 1 (FMR1) gene. The number of trinucleotide repeats 
has been correlated with the risk of developing mental retar-
dation. If there are fewer than 40 repeats, the individual is 
considered normal. If there are repeats between 41 and 60 
the individual is classified as being in the “grey zone”. If 
there are trinucleotide repeats between 61 and 200, an indi-
vidual is phenotypically normal but is characterized as hav-
ing a premutation. If more than 200 trinucleotide repeats are 
identified, then the individual has the full mutation resulting 

in full expression of the fragile X syndrome in males with 
variable expression in females depending upon the extent of 
X inactivation. Women carrying the premutation for the frag-
ile X gene have a higher risk (20–30%) of premature ovarian 
failure and are therefore at increased risk for having a higher 
than normal FSH early in the menstrual cycle [15].

That a correlation between the FSH concentration early 
in the menstrual cycle and oocyte reserve exists is generally 
agreed upon, but whether this hormone measurement indi-
cates anything about the “quality” of the oocytes remains to 
be determined. Several studies have clearly shown that the 
measurement of the FSH concentration performed on the 
third day of the menstrual cycle is predictive of the success 
of an in vitro fertilization (IVF) attempt if done during that 
same cycle [16, 17]. Women whose FSH concentration 
exceeds a particular value as determined by each infertility 
center (usually a concentration above10 mIU/ml) on the 
third day of the menstrual cycle generally do not become 
pregnant if IVF is attempted during that particular cycle. 
Some infertility centers have argued that the chance of preg-
nancy taking place during any IVF attempt during any men-
strual cycle in women previously found to have an elevated 
menstrual cycle day 3 FSH level will be compromised [18] 
while other centers have argued that the chance of conceiv-
ing with IVF is not compromised if the IVF is done during 
a cycle in which the menstrual cycle day 3 FSH level is 
below the elevated value set by the center. The prognostic 
value of an elevated menstrual cycle day 3 FSH is less clear 
in younger women having menses at regular intervals [19]. 
If the concentration of serum FSH measured early in the 
menstrual cycle is associated with pregnancy success, is this 
association an indication of oocyte quantity or quality? If it 
is quality, is this association applicable to all remaining 
oocytes within the ovary or does this association pertain 
only to the oocytes undergoing further development during 
that particular menstrual cycle? This remains to be deter-
mined. Also a precise explanation for the inability of IVF to 
succeed during a menstrual cycle in which the FSH is ele-
vated also remains to be presented. If it were primarily an 
oocyte problem, then one would suspect that all subsequent 
attempts at pregnancy with IVF would be compromised. If, 
however, there was another explanation, such as an endome-
trial problem which could change from cycle to cycle, this 
might explain why some IVF cycles would be successful 
and others would not be. Lastly, a correlation also exists 
between menstrual cycle day 3 serum FSH levels, and 
chance of pregnancy success in women who are ovulatory 
and who are attempting to become pregnant with levels 
higher than 8 IU/L associated with a decreased probability 
of spontaneous pregnancy success [20].

It is clear that pregnancy success is inversely correlated 
with age whether one attempts to conceive naturally or 
through the use of assisted reproductive technologies. 
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From the rates of pregnancy success reported in women 
undergoing IVF with donated oocytes, it is also clear that the 
reason for the inverse correlation with age does not result 
from the age of the uterus. Women of advance reproductive 
age still have an excellent chance of successful pregnancy 
using donated oocytes from a younger woman. Evaluation of 
the oocyte as part of the evaluation of female infertility may 
become possible in the future. Until then, the clinician is lim-
ited in his or her ability to adequately assess ovarian reserve 
as part of the clinical evaluation of female infertility. At the 
present time, the evaluation consists of measuring a men-
strual cycle day 3 serum concentration of FSH. If the value is 
elevated in a woman younger than 40 years of age, that 
woman should be screened for a premutation for the fragile 
X gene. If that screening is negative, then the clinical evalu-
ation of the infertile female should proceed rapidly as an 
elevated menstrual cycle day 3 FSH level could imply dimin-
ished oocyte reserve with an increased risk of premature 
ovarian failure.

10.4  Assessment of Ovulation

Vaginal bleeding occurring at regular intervals (21–35 
days) usually implies that ovulation is taking place as pre-
viously mentioned, but this does not “prove” that ovula-
tion is occurring. In a study involving 550 couples trying 
to conceive, 410 were judged to be eumenorrheic with pre-
dictable menstrual cycles of 25–35 days. Out of this group, 
96.3% were found to have luteal phase serum progesterone 
concentrations exceeding 15 nmol/L consistent with ovu-
lation [21]. At the beginning of the menstrual cycle, folli-
cles within the ovaries will begin the process of recruitment 
and development. Approximately, after the seventh day of 
the menstrual cycle a “dominant” follicle will be selected 
to undergo further growth ultimately leading to a 20–24 mm 
in diameter pre-ovulatory follicle [22]. The development 
of the follicle is associated with a progressive rise in the 
circulating serum concentration of estradiol, which is 
being secreted by the granulosa cells of the follicle. 
Increasing concentrations of estradiol will eventually stim-
ulate the hypothalamus and pituitary causing the pituitary 
to begin to secrete increasing amounts of the protein hor-
mone luteinizing hormone (LH). The LH surge triggers the 
process of ovulation and luteinization of the granulosa 
cells of the follicle that releases the oocyte which then 
begin to secrete the steroid hormone progesterone. This 
hormone in turn affects the brain’s temperature regulating 
center resulting in a mild elevation (approximately 0.3°F) 
of the basal body temperature and also stimulates the uter-
ine endometrium to become “secretory” in its histological 
appearance.

Ovulation may be inferred by measuring the basal body 
temperature throughout the menstrual cycle as well as by 
measuring the levels of the hormones LH and progesterone 
throughout the cycle. Use of serial pelvic ultrasonography to 
document ovarian follicle growth and subsequent follicle 
rupture accompanied by changes in the appearance of the 
endometrial stripe has also been used to infer that ovulation 
has occurred. Lastly, biopsy of the endometrium of the uterus 
to detect secretory endometrium may be employed to detect 
ovulation as well.

Any thermometer may be used to measure body tempera-
ture and detect the changes that infer that ovulation is taking 
place. While it has been traditional to recommend taking the 
oral temperature immediately upon awakening in the morn-
ing as the most sensitive method to detect changes in the 
basal temperature, measuring the oral temperature at any 
time during the day as long as it is done at the same time each 
day will provide the information needed to prove that a shift 
in basal temperature has happened (Fig. 10.2). Temperature 
readings are recorded on a chart and a sustained upward shift 
in temperature (usually about 0.3°F for 3 days) infers that 
progesterone is now being synthesized and released into the 
circulation as a result of ovulation [23]. There have been 
many attempts to correlate the pattern of the biphasic tem-
perature changes observed each month in an ovulatory 
woman with the chance of pregnancy success, but this has 
proven to be unsuccessful [24]. The exact time of ovulation 
in relation to the changes in the basal body temperature has 
also been investigated with most (69.5%) but not all follicle 
ruptures taking place 24 h or more following the rise in the 
basal temperature [25]. There have also been reports that a 
rise may be seen in the basal body temperature without fol-
licle rupture and without a rise in the serum progesterone 
level during some menstrual cycles suggesting that basal 
body temperature charting is not a definitive proof that oocyte 
release has occurred.

Prior to ovulation the serum progesterone concentration is 
less than 3 ng/ml. After ovulation, the serum progesterone 
level will exceed 3 ng/ml, often rising to 15 ng/ml or more 
during the middle of the luteal phase of the cycle. As with 
basal body temperature monitoring when serum progester-
one measurements have been taken while performing serial 
pelvic ultrasonography a rise in the serum progesterone level 
may be seen without evidence of follicle collapse. This is 
known as a luteinized unruptured follicle and appears to 
occur infrequently, occurring in only 4.9% of 183 cycles 
monitored in 66 regularly cycling women [26]. Measurement 
of the serum progesterone level, while suggestive of ovula-
tion, is therefore not a definitive proof that it has occurred. 
Measurement of the serum progesterone concentration dur-
ing the middle of the luteal phase of the menstrual cycle to 
provide additional information about the cause of infertility 
will be discussed later in this chapter.
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Serial measurement of serum LH levels, either directly in 
the bloodstream or indirectly via urinary excretion, has been 
used as an indirect method to infer that ovulation is taking 
place. Chemically prepared test sticks or dip sticks may be 
purchased over the counter for use in detecting ovulation. 
These sticks are exposed to midmorning and not first 
morning voided urine samples. Color indicators exist to 
inform the patient that a surge in LH has been detected 
informing the patient that ovulation is imminent [27].

Ascertainment that ovulation is occurring and is taking 
place at predictable time periods provides the patient and her 
physician with the knowledge that failure to release oocytes 
is not likely to be the cause of infertility. If anovulation or 
oligo-ovulation is detected or suspected as a result of this 
evaluation, treatment may be instituted to correct this cause 
of infertility.

10.5  Assessment of Patency of the Female 
Reproductive Tract

To conceive, the spermatozoa and oocyte must be able to 
come into contact with each other. This is achieved via an 
open passageway through the vagina, cervical os and endo-
cervical canal, uterine cavity, and fallopian tubes. 
Abnormalities at any level of the female reproductive tract 
may prevent sperm from meeting the oocyte and will result 
in infertility.

Speculum examination at the time of the pelvic examina-
tion should provide the clinician with information concern-
ing the existence of a vaginal infection, the position of the 
cervix relative to the cylindrical axis of the vagina and 
whether cervical scarring and/or stenosis of the os exists. 
Existence of mucopurulent cervicitis should prompt the culture 

Fig. 10.2 Daily basal body temperature changes during menstrual cycle. Oral temperatures were taken in the morning (o—o) and afternoon (•---•) 
each day for over 38 days by the same woman. Temperature readings were recorded on the chart and shift in temperature ranged from 96.2 to 100 °F 
during the cycle
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for Neisseria gonorrhea and Chlamydia trachomatis and 
institution of antibiotic coverage. Whether to routinely obtain 
a cervical culture for mycoplasma and ureaplasma is debat-
able. In 1984, Gump et al. reported on the results of infertil-
ity studies in 205 women who were infertile for at least one 
year [28]. While isolation of mycoplasma hominis was sig-
nificantly more common in patients with a history of pelvic 
inflammatory disease, no relationship could be found 
between mycoplasma or ureaplasma infection and infertility. 
The authors concluded that genital mycoplasmas do not play 
a role in causing infertility. Similarly, in 1979, Nagata and 
colleagues demonstrated ureaplasma urealyticum infection 
in 63% of patients with infertility, 68% of normal pregnant 
women, and 62% of normal nonpregnant women. 
Mycoplasma hominis infection was reported in 10%, 1%, 
and 6% of the patient groups, respectively [29].

Passage of sperm into the uterus through the endocervical 
canal is essential for conception to occur. Cervical mucus 
serves as both a barrier and a conduit for sperm transport 
depending upon the phase of the menstrual cycle. At the time 
of ovulation, in response to elevated estradiol levels, cervical 
mucus production increases and the property of the mucus 
changes, becoming less viscous, more elastic, and less cel-
lular. Due to the changes in the concentration of sodium 
chloride associated with the change in the concentration of 
serum estradiol, mucins contained within the mucus arrange 
themselves in an orderly array to allow easy penetration of 
sperm [30]. Because of these changes, it would seem that a 
possible cause of infertility in women could be a problem 
with cervical mucus. In 1868, the postcoital examination of 
cervical mucus was described by Sims [31], and in 1913 the 
postcoital test as a routine part of the infertility evaluation 
was mentioned by Huhner [32]. This test involves obtaining 
cervical mucus from the female partner of the infertile cou-
ple following intercourse. Unfortunately, despite its long 
standing use in the evaluation of the infertile couple, this test 
has never been standardized nor validated. Depending upon 
the reference used, cervical mucus is to be removed from the 
cervical os using either a bulb syringe, an lcc tuberculin 
syringe without a needle, or a small syringe with an intrave-
nous catheter. The mucus is to be collected following inter-
course, which may have taken place minutes to hours 
previously. Results are reported either in terms of character-
istic of the mucus itself (i.e., volume, viscosity, spinnbarket 
or cellularity) or in terms of the number and motility of the 
sperm found in the mucus.

In a comprehensive review on the clinical approach to the 
evaluation of sperm-cervical mucus interactions published in 
1977, it was mentioned that physicians develop standards by 
which the results of the test can be judged through their own 
experience [33]. After evaluating the world literature (pub-
lished in English using Medline) on the postcoital test, 
Griffith and Grimes in 1990 [34] found the sensitivity of the 

test (the ability to detect infertility) to range from 0.09 to 
0.71, with specificity (the ability to detect fertility) to range 
from 0.62 to 1.00, with a predictive value of an abnormal test 
(likelihood that an abnormal test predicts an infertile couple) 
to range from 0.56 to 1.00, and the predictive value of a nor-
mal test (likelihood that a normal test predicts fertility) to 
range from 0.25 to 0.75. The authors concluded that because 
this test has poor validity, lacks standardization in terms of 
methodology and normal values, and has unknown repro-
ducibility, it lacks validity as a test for infertility. A prospec-
tive study in Canada involving 355 infertility couples was 
performed to determine the ability of the postcoital test to 
predict future fertility and revealed no independent associa-
tion between postcoital sperm motility and the later occur-
rence of pregnancy [35]. In contrast, in the Netherlands using 
a retrospective study and simplifying the test result of the 
postcoital test (i.e., no spermatozoa is present in the cervical 
mucus specimen, only nonmotile spermatozoa is present, 
and one or more sperms moving forward is present), resulted 
in a strong association with the ability to predict fertility 
within a year following the test [36].

Antisperm antibody (ASA) may be present in the blood or 
in the reproductive tract secretions, such as seminal fluid, 
cervical mucus, or follicular fluid [37]. Convincing evidence 
proved that stronger sperm antibody responses in men or 
women are associated with lowered fertility. Among the anti-
sperm antibodies found in the sera of immunologically infer-
tile women, sperm immobilizing antibodies have been 
reported to be closely associated with female infertility [38]. 
The incidence of infertile women with sperm immobilizing 
antibodies in their sera has been shown to be approximately 
3% when it is tested on their first visit to an infertility outpa-
tient clinic [39].

Numerous methodologies are used to detect ASA. Each 
has distinct advantages and disadvantages as reviewed by 
Mazumdar and Levine [40]. Commercially available ASA 
assays either directly measure ASA bound to sperm or indi-
rectly measure ASA in solution (serum, semen, vaginal or 
cervical secretion, or follicular fluid). These assays include 
immunobead assays (IBD), mixed antiglobulin reaction 
(MAR) test, ELISA, tray agglutination tests (TAT), sperm 
immobilization assay tests, flow cytometry, and radiolabeled 
agglutinin assays. Routine ASA screening in couples with 
unexplained infertility is limited since there is no well 
accepted consensus about which assay should be used. 
Assessment of in vitro sperm-mucus interaction by means of 
the capillary (Kremer) test and /or the semen/cervical mucus 
contact test (SCMCT) may suggest the likely presence of 
sperm antibodies in cervical mucus, even though circulating 
antibodies are weak or undetectable. The presence of high 
cervical mucus antibody levels and associated negative or 
low titres of circulating antibodies suggests a good prognosis 
for the treatment of the couple by intrauterine artificial 
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insemination [41]. In contrast, the presence of high antibody 
concentrations or titres both locally and systemically sug-
gests a poor prognosis.

The study of ASA and the improvement in their detection 
advanced rapidly from 1970s to early 1990s, but has not 
advanced as rapidly during the last decade. This is, in large 
part, because of the observation that intracytoplasmic sperm 
injection (ICSI) could be used as an effective treatment for 
circumventing immunoinfertility [42]. This technique 
bypasses most of the steps in conception that are adversely 
affected by antisperm antibodies and may allow some cou-
ples to avoid fertilization failure secondary to an autoim-
mune mechanism. Lahteenmaki et al. [43] treated 29 infertile 
ASA-positive couples with ICSI, after 22 of them previously 
demonstrated a poor fertilization rate (6%) during IVF. After 
ICSI the fertilization and cleavage rate for ASA-positive 
group (79% and 89% respectively) were similar to the ASA-
negative group (68% and 93% respectively). It is notable that 
46% of the pregnancies occurring in the ASA-positive group 
ended in spontaneous pregnancy loss compared with none in 
the ASA-negative group. However, a study by Clarke et al. 
[42] showed no evidence of an increased incidence of first-
trimester pregnancy loss in sperm antibody-positive patients 
treated by ICSI. A retrospective analysis of a cohort of 33 
infertile couples with ASA in 47 IVF treatment cycles con-
cluded that couples with high mixed antiglobulin reaction 
(MAR) ASA titres had a lower fertilization rate than those 
with lower ASA titres [44]. After controlling for the fertiliza-
tion rate, ASA titres did not affect the pregnancy rate.

The epidemiology of ASA interference in ART is widely 
reported in literature. The large majority of studies have been 
retrospective. A thorough evaluation of the literature by 
Chamley and Clarke [41] led to a conclusion that stronger 
sperm antibody responses are associated with lowered fecun-
dity. However, it is important for clinicians to appreciate that 
variables, such as antibody specificity, immunoglobulin 
class, and dose, come into the equation when evaluating 
patient’s results. Thus, a positive sperm antibody screening 
result alone without further assessment should not be 
accepted as necessarily indicative of immunoinfertility. 
There is a general understanding that the presence of ASAs, 
even when in high titre, in the absence of additional causes of 
infertility, does not generally cause complete infertility. High 
antibody titres more likely produce impaired fertility. There 
is sufficient evidence to support the hypothesis that ASA 
play a role in selected couples with unexplained infertility. 
Both the prevalence and magnitude of this role remains con-
troversial. Also questions remain about which method of 
ASA testing is best, which isotypes (generally IgM, IgA, or 
IgG) are most relevant to infertility and what levels of ASAs 
are significant.

Use of gas to determine tubal patency was suggested by 
Malgaigne as long ago as 1849 [45]. Determination of the 

patency of the uterus and fallopian tubes using a gas was 
initially described by Rubin in 1920 and this test soon became 
to be known as the “Rubin” test [46]. While Rubin used oxy-
gen as the gas in his initial studies, carbon dioxide was soon 
substituted. In this procedure, a cannula is used to infuse car-
bon dioxide gas into the uterine cavity under controlled flow 
and pressure. Using a stethoscope, bubbles are heard to 
escape from the tubal ends into the abdominal pelvic cavity 
signaling patency. Verification of transtubal passage of car-
bon dioxide gas is made at the conclusion of the test when 
the patient is asked to stand to determine if referred pain is 
experienced in one or both shoulders from diaphragmatic 
irritation by the gas. Both falsenegative and falsepositive 
results have been reported using this test, and it is no longer 
used clinically.

Use of a radiopague medium to image the uterine cavity 
and fallopian tubes at the time of abdominal pelvic x-ray was 
initially described by Rindfleisch in 1910 [47] and then by 
Carey in 1914 [48] and by Rubin as well [49]. Because of 
patient discomfort from the infusion of the radiopaque solu-
tions in use at that time as well as the risk from radiation 
exposure, the hysterosalpinogram or HSG for many years 
was usually recommended in order to confirm a Rubin test 
suggesting tubal obstruction and when surgical correction 
was being contemplated [50]. Following the introduction of 
iodized oil and then radiopaque water-soluble dyes coupled 
with improvements in x-ray imaging devices, the HSG 
became the standard test to use to image the uterine cavity 
and fallopian tubes [51]. It is recommended that the proce-
dure be performed under fluoroscopy after menses have 
ended and before ovulation has occurred. A small amount of 
water soluble contrast media (8–16 ml) is slowly injected 
into the uterine cavity through the cervix using either a rigid 
or balloon tipped flexible catheter. Infusion of the contrast 
medium is performed under fluoroscopic monitoring, and 
one to three x-ray films are taken to image the uterine cavity 
and fallopian tubes during this process (Fig. 10.3). Mild pel-
vic cramps may be experienced during the procedure which 
may be lessened by prior use of nonsteriodal anti-inflammatory 
drugs taken orally 30–60 min prior to the procedure. The 
procedure is usually well tolerated, and while the risks of 
infection and allergic reaction are possible, they are very 
rarely encountered. Radiation exposure during HSG is mini-
mal and estimated to be 1 millisievert (mSV) which is 
roughly equivalent to natural background radiation experi-
enced over a period of 4 months. The HSG is used to assess 
the uterine cavity to determine if there is uterine cavity filling 
defects, such as foreign bodies, adhesions, polyps or leio-
myomata, which could adversely affect fertility. Tubal filling 
with contrast coupled with spill from the fimbriated end of 
the tube is also evaluated (Fig. 10.3). Three common techni-
cal errors to avoid in performing hysterosalpingography are: 
(1) Failure to remove the speculum prior to performing the 
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imaging, (2) failure to evaluate the lower uterine cavity when 
using an intrauterine catheter by not removing it and taking 
an additional image, and (3) failure to place adequate trac-
tion on the cervix of an anteverted or retroverted uterus to 
permit adequate visualization of the long axis (fundus to cer-
vix) of the uterine cavity [52].

Evaluation of the uterine cavity and the fallopian tubes 
may also be performed by infusing saline, Ringer’s lactate or 
glycine into the uterine cavity while imaging with ultra-
sonography performed either abdominally or vaginally but 
most often transvaginally [53]. The technique of “echohyst-
eroscopy” was first described by Nannini et al. in 1981[54] 
while Parsons mentioned the term sonohysterography when 
infusing saline into the uterine cavity during sonographic 
imaging [55]. Use of Doppler color flow is believed to be of 
value in assessing fallopian tube patency, especially when 
combined with contrast media [56].

Sonohysterography performed to image the uterine cavity 
of an infertile patient should be performed after menses and 
before ovulation to avoid the insertion of a catheter into a 
gravid uterine cavity. Using a speculum, a specialized cath-
eter which may or may not have an occlusive balloon is 
inserted through the endocervical canal into the uterine cav-
ity. The imaging solution to be used, usually saline, is flushed 
through the catheter prior to its insertion to remove air bub-
bles. The speculum is then removed and normal saline is 
slowly injected into the uterine cavity (less than 5 ml/min) 
after the ultrasound probe has been inserted into the vagina. 
The uterus is scanned in the longitudinal plane from one cor-
ner to the other and then in the transverse plane from fundus 
to cervix. No more than 20 ml of saline should be needed to 
accomplish the imaging [53, 57].

Proximal tubal obstruction (at the uterotubal conjunction) 
identified either by HSG or sonohysterogram may result not 
only from a disease process but also from cornual muscular 
spasm. Repeating the HSG after administration of antispas-
molytics such as glucagon, diazepam, terbutaline, and isoxu-
prine has been recommended along with performing the 

HSG under general anesthesia [58–61]. Additional evaluation 
of tubal patency may be performed at the time of laparotomy 
or laparoscopy by chromotubation or by transcervical 
fallopian tube cannulation done under fluoroscopy or at the 
time of hysteroscopy when performed simultaneously with 
laparoscopy [62].

When abnormalities are reported within the uterine cavity 
following either an HSG or a sonohysterogram, hysteros-
copy is used to identify them. Hysteroscopy is the direct 
visualization of the uterine cavity using an endoscope known 
as a hysteroscope and a distending medium. The hystero-
scope may be flexible or rigid and the distending medium 
either a gas (most commonly carbon dioxide) or a liquid such 
as normal saline or 3.3% glycine [63]. Visualization through 
the hysteroscope is best when the procedure is done follow-
ing menses and prior to ovulation. Hysteroscopy may be per-
formed in the office using a micro or flexible hysteroscope 
under local anesthesia with a paracervical block or without 
any anesthesia, or may be done in an outpatient operating 
room where an appropriate level of sedation and/or anesthe-
sia may be provided. During the procedure, the cervix and 
endocervical canal are inspected, followed by the inspection 
of the uterotubal ostia followed by inspection of the anterior, 
posterior, and lateral uterine walls looking for adhesions, 
polyps, leiomyotata and any abnormal irregularities of the 
surfaces of the uterine walls. Hysteroscopy may be per-
formed alone or may be performed in conjunction with a lap-
aroscopy. Comparisons between findings at HSG, 
sonohysterogram, and hysteroscopy in infertility patients 
have only been infrequently performed and have generally 
found the HSG and sonohysterogram to provide comparable 
information agreeing with the findings at hysteroscopy 
70–90% of the time. Neither technique provides as much 
information about the uterine cavity as the hysteroscopy does 
[64, 65]. Fallopian tube patency is better judged by HSG 
than sonohysterogram at the present time but may improve in 
the future with the development and use of specialized con-
trast media [57]. Hysteroscopy, while the “gold standard” for 

Fig. 10.3 Hysterosalpingogram showing uterine cavity and fallopian tubes. (a) Filling defect; (b) T shaped uterus; (c) Septate or bicornuate uterus
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evaluating the uterine cavity, cannot be used to assess tubal 
patency as well as the HSG or sonohysterogram.

10.6  Assessment of Endometrial  
Receptivity

Approximately, seven days following ovulation and 
fertilization of the human oocyte the embryo is within the 
uterine cavity and ready to implant [66]. From the pioneering 
work of Noyes, Hertig, and Rock [67], distinctive histological 
changes of the human endometrium can be identified from 
ovulation until menstruation as a result of the actions of the 
steroid hormones estradiol and progesterone produced by the 
ovaries. The inability of the endometrium to allow successful 
implantation was suspected to be a possible cause of 
infertility, but a means to diagnose this did not exist until Dr. 
Georgeanna Seegar Jones in 1949 suggested that diagnosis 
of corpus luteum insufficiency could be made through the 
use of a properly timed endometrial biopsy [68]. In order to 
perform a properly timed endometrial biopsy, an endometrial 
tissue sample must be obtained using an endometrial 
sampling curette after the 26th day of the human menstrual 
cycle or within three days of the onset of the subsequent 
menses [69]. The first day of the next menses is arbitrarily 
defined as cycle day 28 and the presumed menstrual cycle 
day at the time of the endometrial biopsy is determined by 
counting backwards from day 28. For example, if the 
endometrial biopsy was done on January 31st and the first 
day of menses took place on February 2nd, menstrual cycle 
day 28 would be assigned to February 2nd and menstrual 
cycle day 26 would be assigned to January 31st even though 
those dates may not correspond to the actual cycle dates. The 
endometrial biopsy tissue is submitted to pathology and then 
fixed and dated according to the criteria of Noyes, Hertig, 
and Rock. If the biopsy is found to be two or more days out 
of phase, then a luteal phase defect would be suspected 
indicating inadequate progesterone effect upon the 
endometrium. A second out of phase endometrial biopsy is 
required to be taken in a subsequent cycle in order for the 
diagnosis of a luteal phase defect to be finally made [69]. 
In the example given above, an out of phase endometrial 
biopsy would have been reported as cycle day 23 or earlier 
instead of the expected day 26.

Controversy about the diagnosis as well as the method 
used to make the diagnosis of a luteal phase disorder as a 
cause of infertility existed as soon as the concept was sug-
gested in 1949 and has continued until the present time. As 
Dr. Jones mentioned in her 1976 Fertility and Sterility article 
on the topic of luteal phase defect, failure to accept the diag-
nostic approach that she proposed was most likely based on 
either the inability of the involved clinician to perform an 

endometrial biopsy or upon the inability of the pathology lab 
to accurately date the endometrial sample taken. Because of 
these limitations, alternatives to diagnose luteal phase prob-
lems as a cause of infertility were proposed. These included 
detection of a lower than normal luteal phase serum proges-
terone concentration identified in a menstrual cycle with a 
normal interval from ovulation to menstruation which was 
called an “inadequate luteal phase” [70]. Alternatively, a 
“short luteal phase” was defined as the luteal phase duration 
of eight days or less established by knowing the actual time 
from ovulation to menstruation as determined by measuring 
the midcycle LH surge [71].

In an effort to resolve the controversy surrounding the 
usefulness of a timed endometrial biopsy in the clinical eval-
uation of the infertile female, the National Institute of Child 
Health and Human Development (NICHD) sponsored a mul-
ticenter prospective clinical study designed to assess the 
ability of histological dating to discriminate between women 
of fertile and infertile couples [72]. Prior to this study, use of 
a timed endometrial biopsy to identify a luteal phase defect 
had not undergone rigorous testing comparing results 
between fertile and infertile couples. Almost uniformly, 
studies reporting the existence of a luteal phase defect 
involved only infertile couples. The original publication of 
Dr. Georgeanna Jones showed that in 206 menstrual cycles, 
35 or 17% were found to have a luteal phase defect diag-
nosed either by endometrial biopsy or by lowered luteal 
phase basal body temperature [68]. In her later report, Dr. 
Jones mentioned that using only a timed endometrial biopsy, 
a luteal phase defect was found to be an etiologic factor for 
infertility in 3.5% of cases [69]. In the NICHD study, 287 
women of infertile couples were compared to 332 women of 
fertile couples. Each woman underwent endometrial biopsy 
performed either during the midluteal phase (menstrual cycle 
day 21–22) as defined by designating the day of urinary LH 
surge as cycle day, 14, or performed late in the menstrual 
cycle (days 26–27) again as defined by the urinary LH surge. 
The biopsy was reported to be out of phase biopsies if more 
than a two day difference existed between the menstrual 
cycle day determined by the urinary LH surge and the deter-
mination of pathologist based on the histological criteria of 
Noyes et al. [67]. Results demonstrated that out of phase 
biopsies discriminated poorly between women from fertile 
or infertile couples. For midluteal phase biopsies, the preva-
lence of an out of phase biopsy was 49.4% in women from 
fertile couples contrasted to 43.2% in women from infertile 
couples. For late luteal phase biopsies, the prevalence of out 
of phase biopsies from women of fertile couples was 35.3% 
contrasted to 23.0% from women of infertile couples [72]. It 
could be argued that these results were different from those 
expected due to the fact that the timing for the endometrial 
biopsy was based upon a urinary LH surge and not upon try-
ing to perform the biopsy within 3 days of expected menses 
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and then counting the day of menses as day 28 and counting 
backwards. However, in a much smaller study involving five 
regularly menstruating women of proven fertility who under-
went a total of 39 endometrial biopsies performed in this 
manner, it was reported that if a two day difference was the 
criterion, the incidence for a single out of phase biopsy was 
51.4% while the incidence of a sequential out of phase biopsy 
(biopsy performed on a subsequent cycle) was 26.7%. If a 
three day difference was used, then the incidence for out of 
phase biopsies done either singly or sequentially would be 
31.4% and 6.6%, respectively [73]. These results while 
obtained only from fertile women agree with the incidence 
of out of phase biopsies reported for infertile women in pre-
vious studies and also agree with the results of the NICHD 
study. As a result, it would be difficult to refute the conclu-
sion from the NICHD study that the timed endometrial 
biopsy followed by histological dating of the endometrium 
provides no clinically useful information as a screening test 
and that it is recommended that this test be abandoned as a 
diagnostic tool for the routine evaluation of the infertile cou-
ple [72]. It should be emphasized that the results of the 
NICHD study, however, do not invalidate the concept of a 
luteal phase defect but only dispute that the timed endome-
trial biopsy is the “gold standard” for diagnosis of it.

Measurement of pregnanediol-3 alpha-glucuronide (PdG) 
in first morning voided urine samples provides a means of 
hormonally monitoring the luteal phase of the human men-
strual cycle without performing an endometrial biopsy. 

In studies involving regularly menstruating women, as well 
as nonbreastfeeding and breastfeeding women postpartum, 
differences in the timing of the resumption of ovulation were 
observed as well as abnormalities in the area under the curve 
for PdG in the luteal phases of the first three postpartum 
menstrual cycles (Fig. 10.4) [74, 75]. Delay in the resump-
tion of ovulation postpartum in breastfeeding mothers as 
well as decreased risk for pregnancy during this time is well 
known. Changes observed in the hormonal profile of PdG 
during the luteal phase following the initial resumption of 
ovulation in these women may perhaps in part account for 
this [75]. Recommending measuring PdG in daily first morn-
ing voided urine samples as the test to perform in order to 
diagnose a luteal phase defect would need to be validated in 
a study similar to the one funded by NICHD. Given the lack 
of technology of easily measuring PdG in first morning urine 
samples coupled with the inconvenience of doing this would 
mean that the likelihood of this type of test being used clini-
cally to diagnose a luteal phase defect would be remote.

Treatment for a luteal phase defect involves the adminis-
tration of exogenous progesterone. This is routinely provided 
during almost all forms of assisted reproductive technologies 
used in infertile women. Unless another type of luteal phase 
defect is identified requiring a different form of treatment, 
the indication for evaluation of the luteal phase of the men-
strual cycle in infertile women for the purposes of diagnos-
ing this as a cause for infertility would be for research 
purposes and not for general clinical practice.

Fig.10.4 Mean daily luteal phase urinary pregnanediol glucuronide (PdG) excretion (first morning urine) in a series of postpartum cycles with a 
normal luteal phase. Data from 3 first postpartum cycles (o—o), 10 s postpartum cycles (D- ⋅ -D), and 4 third postpartum cycles (λ---λ), are shown 
(Gray et al., JCEM 1987)
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10.7  Assessment of the Abdominal  
Pelvic Cavity

A simple and safe technique for inspection of the abdominal 
pelvic cavity to identify fallopian tube and/or peritoneal 
causes for infertility has recently become available. In 1902, 
Georg Kelling used a cystoscope to examine the abdomen of 
a living dog using room air [76], and in 1910 Jacobaeus pub-
lished his report on endoscopic inspection in the human, and 
he called this procedure, laparoscopy [77]. In the United 
States, Bernheim used a protoscope to perform the first lap-
aroscopy in 1911 [78]. Since those early days, the technique 
of laparoscopy has evolved to employ the use of sophisti-
cated endoscopic equipment coupled with gas infusion sys-
tems which safely insufflate the abdominal pelvic cavity with 
carbon dioxide gas. Laparoscopy was first widely used in 
England and then in the United States in the 1960s and 1970s 
as a method for tubal sterilization [79, 80].

Before being replaced by laparoscopy in the 1960s and 
1970s, culdoscopy was the endoscopic procedure employed 
to evaluate the abdominal-pelvic cavity. This technique was 
reported by Albert Decker in 1944 and involved first placing 
the patient in a knee chest position after which a pneumo-
peritoneum was created by passing gas through a needle 
placed in the cul-de-sac [81]. To assess tubal function, a 
Foley catheter was inserted into the uterine cavity with the 
culdoscope in place and indigo carmine was then infused 
through the foley and spill of dye from the distal ends of the 
tubes looked for under direct vision [82].

Since the 1970s in the United States, laparoscopy has been 
performed as part of a standard infertility evaluation to directly 
observe tubal patency following the administration of indigo 
carmine dye through the uterine cervix. In addition, laparos-
copy has been used as a method to identify tubal disease or 
peritoneal factors that could adversely affect fertility, such as 
fimbrial phimosis, peritubal adhesions, and endometriosis. In 
addition to diagnosing these tubal and/or peritoneal disorders, 
treatment by lysis of adhesions or destruction of endometrial 
implants could also be provided simultaneously. It is now 
known, however, that infertility believed to be due to tubal 
and/or peritoneal factors may be successfully treated using 
assisted reproductive technologies. Given the marked improve-
ment in the success of achieving pregnancy with the assisted 
reproductive technology of in vitro fertilization, questions are 
now being asked as to the precise role that laparoscopy should 
play in the evaluation of the infertile female. Specifically, 
should laparoscopy always be recommended as part of the 
evaluation of the infertile woman no matter what her age or if 
she gives no history to suggest pelvic infection, pelvic adhe-
sions or endometriosis and her hysterosalpinogram is entirely 
normal? Some have suggested that laparoscopy should be 
omitted as part of the routine workup in otherwise unexplained 
infertility and that ovarian stimulation coupled with intrauter-
ine insemination be tried first [83].

One report has suggested that operative laparoscopy to 
treat endometriosis following a failed attempt with IVF in 29 
patients resulted in 22 of these patients becoming pregnant in 
a subsequent attempt [84]. Unfortunately, this was a retro-
spective case series and the relationship between the diagno-
sis of endometriosis and infertility has been extremely 
controversial with some investigators indicating that no mat-
ter what the initial stage of endometriosis is found to be that 
the chances of pregnancy occurring following either medical 
or surgical treatment is similar if the patients are followed 
long enough [85]. In addition, other investigators have indi-
cated that whether endometriosis is treated medically or not 
the chance for pregnancy success is comparable [86].

Whether a laparoscopy that should be performed prior to 
intrauterine insemination after a normal hysterosalpingo-
gram had been done was recently questioned in a prospective 
randomized clinical trial [87]. The authors concluded that 
laparoscopy performed after six cycles of unsuccessful IUI 
did not detect more abnormalities with clinical consequences 
compared with those performed prior to IUI treatment and 
questioned the value of routinely performing a laparoscopy 
prior to IUI treatment. A need for more randomized clinical 
trials to answer questions about the value of routinely per-
forming a laparoscopy prior to assisted reproductive technol-
ogy treatment is clearly needed as it has been noticed by 
others [88].

10.8  Conclusions

Sufficient data exist to justify requesting a couple with infer-
tility to have a semen analysis performed and to undergo a 
hysterosalpingogram. Absence of sperm or blockages of both 
fallopian tubes are clear examples of the cause(s) of infertil-
ity. Cervical mucus abnormalities or defects in endometrial 
receptivity to an embryo may also be the causes of infertility, 
but accurate diagnostic tests to detect these causes remain to 
be developed. As documented in this chapter neither the post 
coital test nor timed endometrial biopsy has been shown to be 
valid diagnostic tests for infertility. Routine performance of a 
laparoscopy prior to treatment with IUI or IVF in a woman 
younger than 35 years of age who has no other gynecological 
complaint other than infertility, whose husband’s semen anal-
ysis is normal and, whose, hysterosalpingogram is normal 
may be questioned. Prospective randomized clinical trials to 
address this issue are needed. Use of the term ‘fecundibility’ 
defined as the chance of becoming pregnant per menstrual 
cycle with lower fecundibility rates being described as sub-
fertility as opposed to use of the term ‘sterility’ where there is 
no chance of becoming pregnant should be emphasized in 
discussing the results of an infertility evaluation to patients 
[89]. This is important because a young couple with unex-
plained infertility whose monthly conception rate is low (3%) 
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as compared to a “normal” couple whose monthly conception 
rate is high (20%) will still be able to conceive but at a slower 
rate and thus be subfertile. For example, it may only take 2 
months of trying for the “normal” couple to have a 49% 
chance of conceiving as compared to 24 months of trying for 
the subfertile couple to have a 52% chance of becoming preg-
nant. These concepts have utility in evaluating the impact of 
chronological age on fertility since the monthly conception 
rate will decline with increasing age increasing the time inter-
val for pregnancy success. Subfertility, as a term, will also be 
of value in evaluating the impact of an elevated menstrual 
cycle day 2 or 3 FSH level in a younger woman who desires 
to conceive but is having difficulty. Improvement in the suc-
cess rates of the assisted reproductive technology procedure 
of IVF will continue to influence the evaluation of the infer-
tile couple. Why should patients undergo unnecessary clini-
cal evaluations for infertility or receive treatments for 
infertility whose value is questioned prolonging their dura-
tion of infertility and increasing their financial expense when 
pregnancy may be rapidly and less expensively achieved with 
IVF? Whether this conclusion will be agreed upon by all phy-
sicians treating patients with infertility and insurers providing 
the coverage for the evaluation and treatment of infertility 
remain to be seen.
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Abstract This chapter reviews Polycystic Ovary Syndrome.

11.1  Introduction

Arguably, one of the most commonly diagnosed endocrinopathies 
in women is polycystic ovary syndrome (PCOS). The com-
bination of hyperandrogenism, menstrual dysfunction, and 
weight control issues are the traditional criteria used to estab-
lish the diagnosis. Today, the obesity epidemic has accelerated 
consideration of this disorder to an even younger population 
of women and the recent inclusion of ultrasound diagnostic 
criteria increases the population considered for the diagnosis 
of PCOS. PCOS is a disorder comprising multiple clinical 
variants and apparent genetic propensities grouped together 
into the “PCOS phenotype.” The diagnostic criteria-based 
subcategorization of PCOS will hopefully assist in unmask-
ing the multiple unique phenotypes as well as their genetic 
origins. Future texts will likely have detailed descriptions 
of the genetic origins, environmental triggers, specific treat-
ments, and outcomes of the different clinical entities that we 
now comingle as “PCOS.”

11.2  Polycystic Ovary Syndrome:  
Diagnostic Criteria

Stein-Leventhal syndrome, the association of amenorrhea 
with bilateral polycystic ovaries and obesity was first 
described in 1935 by Stein and Leventhal [1]. Its complex 
genetic origins are likely polygenic and/or multifactorial [2]. 

Diagnostic criteria have been established by the modified 
consensus of the National Institutes of Health and Child 
Health and Human Development (1990) and/or by consensus 
criteria established during the ESHRE/Rotterdam Conference 
in (2003) (Table 11.1).

In the NIH schema, there are only two major criteria for the 
diagnosis of PCOS: anovulation and the presence of hyperan-
drogenism documented by clinical and/or laboratory evidence. 
These criteria alone are necessary after other pathologies for 
hyperandrogenism (congenital adrenal hyperplasia, nonclassic 
congenital adrenal hyperplasia, adrenal or ovarian neoplasm, 
Cushing syndrome) or anovulation (hypo- or hypergonadotro-
pic disorders, hyperprolactinemia, thyroid disease) are 
excluded. Minor NIH criteria add subtype categorization. The 
Rotterdam Diagnostic Criteria requires two of the three criteria 
for the diagnosis of PCOS. In essence, it adds two new groups: 
ovulatory women with hyperandrogenemia and polycystic 
ovaries by ultrasound, as well as anovulatory women with 
polycystic ovaries on ultrasound, but no hyperandrogenemia.

Recently published data confirm that women with regular 
cycles and polycystic ovaries share many of the biochemical 
features of PCOS [3]. Familial PCOS studies find that the 
sisters of women with classical symptoms of PCOS (anovu-
lation and hyperandrogenism), may be equally hyperandro-
genemic, but demonstrate polycystic ovaries [4], and regular 
menstrual cyclicity [5, 6]. Of interest is the fact that women 
with polycystic ovaries, hyperandrogenism, and regular 
cycles, are less likely to have insulin resistance and hyperin-
sulinemia than those who demonstrate chronic anovulation 
[7–9]. This linkage of a metabolic abnormality to anovula-
tion suggests that follicular growth may be intimately associ-
ated with key metabolic pathway(s) and/or product(s). These 
subtle differentiators, now recognized by investigators, may 
help unravel the genetic susceptibilities and environmental 
effectors that will explain the various PCOS manifestations.

The second category now included in PCOS by Rotterdam 
Criteria are anovulatory women with polycystic ovaries on 
ultrasound, but no hyperandrogenemia. This inclusion 
appears to be a small numerical addition to the PCOS popu-
lation, at large. In a small series of 84 patients with anovula-
tion and polycystic ovaries, less than half the patients were 
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hirsute, and only 3% had no biochemical features to support 
the diagnosis of PCOS (elevated serum concentrations of 
testosterone, androstenedione, and/or LH) [10]. Further 
study of this subtype with well- characterized and validated 
androgen assays and clinical assessments will assist in defin-
ing or eliminating this newly included group.

While critics have labeled the Rotterdam criteria as more 
inclusive and necessarily less precise, an alternative view-
point opines that utilizing subtype categorization will allow 
more precise characterization of the various phenotypes, 
genotypes, epigenetic markers, and environmental factors 
that create the total PCOS population.

11.3  Classical Clinical Manifestations  
of PCOS

The routine menstrual dysfunction found in PCOS arises 
from anovulation or oligoovulation and ranges from amenor-
rhea to oligomenorrhea. Regular menses in the presence of 
anovulation in PCOS is uncommon, though one report found 
that among hyperandrogenic women with regular menstrual 
cycles, the rate of anovulation was 21% [11]. Classically, the 
disorder is lifelong, characterized by abnormal menses from 
puberty with acne and hirsutism arising in the teens. It also, 
however, may arise in adulthood, concomitant with the emer-
gence of obesity, presumably because this is accompanied by 
increasing hyperinsulinemia [12].

11.4  Pathology

Macroscopically, ovaries in women with diagnosed with 
PCOS are two to five times the normal size. Histopathologic 
sections of the ovary reveal a white, thickened cortex with 

multiple cysts usually less than one centimeter in diameter. 
Microscopically, the superficial cortex is fibrotic and hypo-
cellular with prominent blood vessels. There is an increase 
in the number of follicles with luteinized theca interna as 
well as atretic follicles. The stroma contains luteinized 
stromal cells [13].

11.4.1  Radiologic Studies in PCOS

Ultrasonographic examination of PCOS women reveals an 
increase in ovarian size and an increased number of imma-
ture follicles. The Rotterdam criteria include enlarged ova-
ries measuring >10 cm3 and/or more than 12 follicles 
measuring 2–9 mm in diameter [14, 15].

11.4.2  Pathophysiology and Laboratory 
Findings

Hyperandrogenism and anovulation in PCOS may be attrib-
uted to endocrine abnormalities in (a) the ovaries, (b) the 
adrenal glands, (c) the periphery (fat), and (d) the hypothala-
mus-pituitary compartment. Pathophysiologic mechanisms 
in each compartment are reviewed. Ovarian dysregulation of 
CYP17, the androgen-forming enzyme in both the adrenals 
and the ovaries, is thought to play a significant role in mecha-
nisms underlying hyperandrogenism in PCOS [16]. First, 
PCOS ovaries appear to be more sensitive to gonadotropic 
stimulation, possibly as a result of CYP17 dysregulation 
[16]. Second, the ovarian stroma, theca, and granulosa, are 
stimulated by LH, and excess secretion may result in hyper-
androgenemia [17]. In fact, total and free testosterone levels 
correlate with LH levels [18]. Third, when a gonadotropin-
releasing hormone (GnRH) agonist is administered in PCOS 
patients, serum testosterone and androstenedione levels are 
suppressed [19], however, even larger doses are required for 
estrogen suppression [20]. For the above reasons, elevated 
testosterone levels in patients with PCOS appear to be pre-
dominantly ovarian in origin. The serum total testosterone 
levels may be within normal limits or no more than twice the 
upper normal range (20–80 ng/dL). In ovarian hyperthecosis, 
values may reach 200 ng/dL or more [21].

The adrenal compartment also plays a role in the develop-
ment of PCOS. Although the hyperfunctioning CYP17 
androgen-forming enzyme coexists in both the ovaries and 
the adrenal glands, DHEAS is increased in only about 50% 
of patients with PCOS [22, 23]. The hyperresponsiveness of 
DHEAS to stimulation with ACTH [21], the onset of symp-
toms around puberty, and the observation that 17,20-lyase 
activation (one of the two CYP17 enzymes) is a key event in 

Table 11.1 PCOS diagnostic criteria

NIH Criteria – both required
 Chronic anovulation
 Clinical or biochemical signs of hyperandrogenism
Minor NIH Criteria
 Insulin resistance
 Perimenarchal onset of hirsutism and obesity
 Elevated LH-to-FSH ratio
  Intermittent anovulation associated with hyperandrogenemia 

(elevated free testosterone and/or DHEAS)
 Ultrasound evidence of polycystic ovaries
Rotterdam Criteria – two of three required
 Oligo and/or anovulation
 Clinical or biochemical signs of hyperandrogenism
 Polycystic ovaries
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adrenarche have led to the hypothesis that PCOS may arise 
as an exaggeration of adrenarche.

In the peripheral compartment (skin and the adipose tis-
sue), the activity of 5a-reductase in the skin determines the 
presence or absence of hirsutism [24, 25]. Aromatase and 
17b-hydroxysteroid dehydrogenase activities are increased 
in fat cells [26], and increased peripheral aromatization par-
allels increased body weight [27]. Obesity decreases the 
metabolism of estrogens through reduced 2-hydroxylation 
and 17a-oxidation, resulting in an increased E1 to E2 ratio 
[28]. The E1 levels are increased due to the peripheral aro-
matization of androstenedione [29]. As a result of the 
reversed E1-to-E2 ratio, a chronic hyperestrogenic state is 
created.

The hypothalamic-pituitary compartment also contributes 
to the development of PCOS. As a result of an increased 
GnRH pulse frequency, the LH pulse frequency is increased 
compared to normal follicular phase levels [30]. This hypo-
thalamic activity is the cause of the frequently noted LH to 
FSH reversal. FSH is not elevated perhaps because of the 
GnRH pulse frequency and the chronic hyperestrogenic 
state. To date, a clear pathogenic relationship between hypo-
thalamic-pituitary system and insulin resistance in polycys-
tic ovary syndrome remains elusive. Controversy over 
essential diagnostic criteria continue in PCOS, and although 
LH/FSH ratio >2 has been considered to be a useful diagnos-
tic criteria, this is now under question as significant hetero-
geneity is now recognized based on the varying PCOS 
subtypes. A recent study demonstrated that the LH/FSH ratio 
was not a characteristic attribute of all PCOS women and 
was detected in a subpopulation smaller than 50%. The 
PCOS women with normal gonadotropin ratios belonged to 
a group of patients suffering from hyperinsulinemia and obe-
sity. Thus, patients with hyperinsulinemia and excess of LH 
may constitute a distinct subgroup possessing increased 
adrenal androgenic activity. Additional studies will charac-
terize and determine the utility of the LH/FSH ratio for vari-
ous subtypes of the PCOS disorder [31]. In as many as 25% 
of PCOS patients, prolactin levels are elevated, which also 
may be a result of abnormal estrogen feedback on the pitu-
itary. In one study, bromocriptine reduced LH levels and 
resulted in ovulation [32].

11.5  Long-Term Risks OF PCOS

In chronic anovulatory patients with PCOS, persistent estro-
gen stimulation, unopposed by progesterone, increases the 
risk of endometrial carcinoma [33]. The majority of these 
endometrial cancers are well-differentiated, stage I lesions 
with a cure rate of more than 90%. Endometrial biopsy 
should be considered in all PCOS patients, as they may 

occasionally harbor these cancers early in their reproductive 
years. Abnormal bleeding, increasing weight, duration of 
symptoms, and age are factors that lower the threshold for 
endometrial sampling. Preventing endometrial cancer is a 
primary management goal for patients with PCOS. If indi-
vidualized management does not induce regular ovulation 
(e.g., clomiphene) or introduce continuous progestation 
influence (e.g., oral contraceptives or progestin-containing 
intrauterine device), regular secrectory transformation should 
be induced with periodic administration of a progestational 
agent. Additionally, a hyperestrogenic state in PCOS is asso-
ciated with an increased risk of breast cancer [34] as well as 
a two to threefold increase in ovarian cancer [34, 35]. The 
risks are greater in nonobese women and patients who have 
not been taking OCs.

The incidence of insulin resistance in PCOS women is 
25–70% [36, 37]. A recent meta-analysis regarding preg-
nancy outcomes in PCOS patients showed a nearly threefold 
higher rate of gestational diabetes mellitus among women 
with PCOS (OR, 2.94; 95% CI, 1.72–5.08) [38]. While some 
consider this increased risk to be associated with a higher 
level of obesity in PCOS women, a number of other studies 
confirm PCOS itself is associated with an increased risk of 
developing gestational diabetes [38].

When considering pregnancy complications and neonatal 
outcomes, a recent meta-analysis of eight studies demon-
strates a significantly higher risk of pregnancy-induced 
hypertension in PCOS women (OR, 3.67; 95% CI, 1.98–
6.81), and a higher risk of preterm delivery (OR, 1.75; 95% 
CI 1.16–2.62) [38]. The relationship between birth weight 
and PCOS is not clear. Analysis of multiple studies shows no 
significant increase in the incidence of macrosomia or growth 
retardation in PCOS women [38]. Because pregnancy com-
plications are increased in PCOS women (preeclampsia, pre-
term birth, gestational), studies also document a higher rate 
of admission to newborn ICUs in babies born of PCOS moth-
ers compared to controls (OR, 2.31; 95% CI, 1.25–4.26) 
[38]. Despite the prenatal and neonatal concerns, there does 
not appear to be any increased risk of neonatal malforma-
tions in infants born to women with PCOS [39–41].

In women with PCOS, the rate of early pregnancy loss has 
been reported to be as high as 40% [42]. Studies of control 
populations suggest an early pregnancy loss rate of 14.3% in 
normal fertile women, and 23% in pregnancies that have 
been preceded by subfertility [43]. The early pregnancy loss 
rate in women with PCOS has been attributed to elevated LH 
concentrations [44], higher androgen levels [45, 46], insulin 
resistance [47], and obesity. A recent meta-analysis of 13 
studies demonstrated a significant difference in miscarriage 
rate in obese PCOS women compared with nonobese PCOS 
women (OR, 3.05; 95% CI, 1.45–6.44) [48]. While the 
general perception is that PCOS does increase the rate of 
miscarriage, evidence to support this is marginal.
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11.6  Genetic Origins

PCOS is presently considered a complex genetic disorder 
such as schizophrenia, asthma, and type 2 diabetes [49]. 
Multiple factors in gene discovery efforts for such complex 
genetic disorders render the labors problematic: (1) multiple 
genes likely contribute to the disease, each with a small mag-
nitude of effect – thus necessitating very large sample sizes 
in order to have adequate power to detect each gene’s role; 
(2) environmental and lifestyle factors which are difficult to 
quantify and study and also contribute to risk of disease; (3) 
multiple gene/gene and gene/environment interactions, 
which participate in the manifestation of the disease; (4) the 
heterogeneity of severity in various phenotypic clinical pre-
sentations such that various genes may be important in vari-
ous phenotypes and not others and the possibility that various 
genetic combinations may result in the same phenotype; (5) 
inappropriate selection of candidate genes for study; and the 

fact that (6) PCOS has ability to impair fertility, which may 
limit family based genetic studies (Fig. 11.1).

To date, over 150 publications and 100 candidate genes 
have been evaluated [50–55]. Candidate gene studies have 
targeted loci in four general areas:

Steroid biosynthesis and action ·
Gonadotropin synthesis and action ·
Weight and energy regulation ·
Insulin secretion and action ·

Table 11.2 lists promising PCOS candidate genes.

Fig. 11.1 Multiple genotypes may result in a common pathway to the 
phenotypic presentation of PCOS. In this illustration, a number of 
underlying genes (1 through 10) and environmental factors on the right, 
may lead to various pathophysiologic events (small blue circles) result-
ing in the common phenotype of PCOS on the left. The heterogeneity 
of genetic, environmental and pathophysiologic origins challenges  

specific gene discovery research, particularly in PCOS. Clinicians and 
scientists approach from the clinical presentation of PCOS with great 
uncertainty regarding the combination(s) of genes and environmental 
factors and subsequent pathophysiological events which lead to the 
diagnosis of the PCOS phenotype

Table 11.2 Promising PCOS candidate genes

CYP19 aromatase
D19S884 chromosome 19 microsatellite (in gene for fibrillin-3)
IL6 – Interleukin 6
IRS1 – Insulin receptor substrate 1
SHBG – Sex hormone binding globulin
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11.6.1  Cautions Regarding the Genetic 
Studies of PCOS

In candidate gene studies of PCOS thus far, results are often 
based on less than 200 affected women, which may result in 
false positive results. One cause of false positive results is pop-
ulation stratification. Population stratification occurs when 
there are unidentified genetic differences between cases and 
controls that are not related to the disease. An example of this 
would be a genetic ancestry that differs significantly between 
cases and controls. Because the genetic ancestry is different, 
there may be a genetic variance, which is more common in the 
cases, but it actually has no causal relationship with the disease. 
The majority of PCOS studies have not addressed the problem 
of population stratification. Addressing this issue would require 
genotyping of ancestry informative markers. Ancestry infor-
mative markers are alleles that demonstrate substantial vari-
ances between ethnic groups. An additional complication of 
candidate gene studies is the evaluation of only one or two 
variants in each gene, which provides only partial information 
on whether a gene may be associated with PCOS. Genotyping 
of only one or two single-nucleotide polymorphisms (SNPs) 
yields inadequate coverage of a candidate gene. If a study does 
not evaluate multiple variants and results in negative findings, 
this discourages further investigation of that candidate gene, 
which may, in reality, be promising. When positive results are 
noted, they require confirmation in subsequent studies, which 
requires a significantly larger sample size [56].

Family studies, which are not affected by population 
stratification, appear to be a promising tool in the determina-
tion of genes associated with PCOS. Such studies have 
resulted in one of the most promising loci in the field, the 
DS19S884 microsatellite in the fibrillin-3 gene [57–59]. 
Another promising area of research is the use of expression 
differences in tissue samples from affected individuals [60]. 
In experiments conducted to date utilizing ovarian tissues, 
genes associated with altered expression patterns include 
transcription factors, immune response, apoptosis, Wnt sig-
naling pathway, retinoic acid biosynthesis, cell adhesion/
extracellular matrix, and cell proliferation genes. An addi-
tional pursuit is genome-wide analysis in PCOS subjects.

11.7  The Mevalonate Pathway and PCOS

Research suggests that the mevalonate pathway may poten-
tially play a role in PCOS. The mevalonate pathway starts 
from acetyl-coenzyme A (acetyl-CoA) leading to the forma-
tion of farnesyl pyrophosphate (FPP). FPP acts as a substrate 
for a multitude of biologically important precursors, includ-
ing: cholesterol, isoprenylated proteins, ubiquinone (coen-
zyme Q), and dolichols [61, 62] (Fig. 11.2).

Dolichols mediate the maturation of insulin and type 1 
IGF-1 receptors [63]. The rate-limiting step in the mevalonate 
pathway is a conversion of HMG-CoA to mevalonate by 
HMG-CoA reductase. This enzyme (HMG-CoA reductase) 
is reversibly blocked by statins. The inhibition of mevalonate 
production leads to a decrease in downstream precursors, 
including FPP and geranylgeranyl pyrophosphate (GGPP). 
Potent posttranslational modifications of these proteins (FPP 
and GGPP), referred to collectively as isoprenylation, have 
significant downstream effects [64]. Isoprenylation is 
required for membrane attachment and function of multiple 
proteins, including Ras and Ras-related guanosine triphos-
phate (GTP)-binding proteins (GTPases) and protein kinases, 
all of which act as critical cellular membrane proteins that 
modulate proliferation, apoptosis, and the functional activi-
ties of various cells. Thus, interference with isoprenylation 
has significant cellular and metabolic downstream effects. 
Isoprenylation also impacts the generation of reactive oxy-
gen species. Because activities of the mevalonate pathway 
correlate with sites of insulin action, including ovarian ste-
roidogenesis, protein isoprenylation, and ovarian theca-
interstitial cell proliferation [65–69], its role in PCOS is 
being ellucidated.

11.7.1  Statin Effects on Ovarian Function

Ovarian theca interstitial cells treated with statins demon-
strate decreased cell proliferation, testosterone production, 
expression of steroidogenic enzymes, expression of NADPH 
oxydase subunits, and MAPK-dependent phosphorylation 
[70–80]. Thus, statins may result in a decreased thecal hyper-
plasia, hyperandrogenism, and oxidative stress.

11.7.2  Clinical Trials of Statins in PCOS

A recent randomized perspective clinical trial investigated the 
use of simvastatin (HMG-CoA reductase inhibitor) on women 
with PCOS [81, 82]. In that study of laboratory and clinical 
parameters, the effects of simvastatin and a combined oral 
contraceptive pill versus an oral contraceptive pill alone were 
evaluated. They found a reduction in total and free testoster-
one levels, hirsutism score, LH, total cholesterol, LDL, and 
CRP in simvasatin/OCP treated patients compared to those on 
OCPs alone for treatment. This study demonstrated the poten-
tial metabolic and endocrine benefits of HMG-CoA reductase 
inhibitor therapy for women with PCOS. However, statins are 
listed as category X medications because of their potential 
teratogenicity. Thus, extreme care must be taken to avoid the 
use of statins in any woman at risk of, or desiring pregnancy.
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In summary, there is accumulating evidence that statins 
may help correct dyslipidemia, reduce systemic inflamma-
tion, improve endothelial function and reduce oxidative 
stress in women with PCOS. Additionally, there is an indi-
rect reduction in steroidogenesis and cellular proliferation. 
These effects may ultimately deliver positive cardiovascular 
benefits to women with PCOS.

11.8  Insulin Resistance in PCOS

Insulin resistance and hyperinsulinemia participate in the 
ovarian steriodogenic dysfuction of PCOS. Insulin has 
been shown to alter ovarian steroidogenesis independent of 
gonadotropin secretion in PCOS. Both insulin and insulin-
like growth factor I (IGF-I) receptors are present in the 

Fig. 11.2 Mevalonate pathway. Cholesterol is a major structural 
component of all cell membranes. In addition to its role in the control 
of cell osmolarity, it plays a pivotal role in the process of pinocytosis 
and in the activities of membrane-associated proteins such as ionic 
pumps, immune responses, and cell-growth. Cholesterol is derived 
from endogenous synthesis or from exogenous sources, principally 
delivered by plasma low-density-lipoproteins (LDL), which enter the 
cells by receptor-mediated endocytosis. Both pathways are functional 
in rapidly growing cells. If cholesterol synthesis is inhibited, cell 
growth is blocked. 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) 
reductase (the rate-limiting reaction in cholesterol biosynthesis) is the 
enzyme which catalyzes the conversion of HMG-CoA to mevalonic 
acid. Mevalonic acid (mevalonate) is important in cell proliferation. 

All cells require a minimum of two products synthesized from 
mevalonate in order to proliferate. Cholesterol is one, and the other(s) 
are yet to be determined. Other mevalonate-derived products with sig-
nificant roles in cellular function include the dolichols, the cofactor 
ubiquinone, and isopentenyladenosine derivatives (GTP-binding pro-
teins: Ras, Rho, Rab, Rac, Rap), etc. The development of cholesterol-
synthesis-inhibiting drugs, used to lower plasma cholesterol levels, has 
mainly been focused on the control of HMG-CoA reductase activity 
(STATINS). Because mevalonic acid is a precursor for many meta-
bolic products, any reduction of HMG-CoA reductase activity may 
result in other effects. Statins are now being evaluated as potential 
pharmacological tools in a number of mevlonate pathway dependent 
cellular functions found in PCOS
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ovarian stromal cells. Diminished autophosphorylation in 
insulin receptor-mediated signaling has been identified in 50% 
of women with PCOS [83]. Insulin resistance, diagnosed by 
an impaired glucose tolerance (IGT), is found in nearly one-
third of obese PCOS patients, and 7.5–10% exhibit type 2 dia-
betes mellitus [84]. Nonobese PCOS women show a 10% 
prevalence of IGT, and 1.5% display diabetes [85], compared 
with 7.8% IGT and 1% diabetes, respectively, in the general 
population of the United States [86].

While the most common cause of insulin resistance and 
compensatory hyperinsulinemia is obesity, obesity alone 
does not completely explain this association in PCOS [32]. 
Additionally, the insulin resistance associated with PCOS is 
not solely the result of hyperandrogenism. In general, hyper-
insulinemia is not characteristic of hyperandrogenism [87]. 
Furthermore, suppressing ovarian steroidogenesis in women 
with PCOS with GnRH analogs does not change insulin lev-
els or insulin resistance [7]. Finally, studies of patients with 
hyperthecosis, hyperinsulinemia, and hyperandrogenemia 
who had undergone oophorectomy revealed no change in 
insulin resistance, despite a drop in androgen levels [88].

Acanthosis nigricans, a pigmented, velvety skin lesion 
most often found on the vulva, axilla, nape of the neck, below 
the breast, or on the inner thigh, is a reliable marker of insulin 
resistance [89]. The HAIR-AN syndrome [83, 90], acronym 
finds its origin in the constellation of hyperandrogenism 
(HA), insulin resistance (IR), and acanthosis nigricans (AN). 
These patients often have fasting insulin levels of greater than 
25 mIU/mL (normal <20–24 mIU/mL), and maximal serum 
insulin responses to glucose load (75 g) exceeding 300 mIU/mL 
(normal is <160 mIU/mL at 2 h post-glucose load).

11.8.1  Screening Strategies for Diabetes  
and Insulin Resistance in PCOS 

Multiple testing/screening schema have been proposed to 
assess hyperinsulinemia and hence insulin resistance. In one, 
the fasting glucose-to-insulin ratio is determined, and values 
less than 4.5 indicate insulin resistance. Using the 2-h GTT 
with insulin levels, 10% of nonobese and 40–50% of obese 
PCOS women have impaired glucose tolerance (IGT = 2 h 
glucose level ³140 £ 199 mg/dL) or overt Type II diabetes 
mellitus (any glucose level >200 mg/dL). Peak insulin levels 
of over 150 mcIU/mL or a mean level of over 84 mcIU/mL 
over the three blood draws of a 2-h GTT may be used as 
criteria to diagnose hyperinsulinemia in research settings. 
Tables 11.3 and 11.4 detail normal, impaired and type II dia-
betes diagnostic glucose levels after a glucose load.

Unfortunately, documenting hyperinsulinemia with a 
glucose to insulin ratio <4.5 or the 2-h GTT with insulin 
levels is problematic. It has been shown that the glucose-to-

insulin ratio does not always accurately portray insulin 
resistance when compared to the gold standard for measuring 
insulin resistance, the hypeinsulinemic-euglycemic clamp. 
Additionally, in hyperglycemic states, a relative insulin 
secretion deficit is present. This deficit of insulin secretion 
exacerbates the effects of insulin resistance and renders the 
measurement inaccurate. For the reasons noted, routine 
insulin level measurements may not be particularly useful. 
However, testing for glucose intolerance is uniformly rec-
ommended. A woman with PCOS can be advised that her 
risk of cardiovascular disease correlates with this finding. 
The recommended frequency for such screening depends on 
her age, body mass index and waist circumference, all of 
which increase her risk.

Obesity is found in 50% of patients with PCOS 
(BMI > 30 kg/m2). Centripedal (android) obesity, with a 
higher waist-to-hip ratio is associated with insulin resistance, 
and suggests an increased risk of diabetes mellitus and car-
diovascular disease [91].

Impaired glucose tolerance may be significantly improved 
with weight reduction, which may also reduce hyperandro-
genism and restore ovulatory function [92]. As evidence, 
caloric restriction resulting in a 10-kg weight loss will yield 
a 40% decrease in insulin levels [93]. Similarly, a 10-kg 
weight loss results in a 35% reduction in testosterone levels 
[94]. The addition of exercise also reduces insulin resistance, 
independently from any associated weight loss.

Recognition of the importance of insulin resistance/
hyperinsulinemia as a risk factor for cardiovascular disease 
led to the publication of criteria for diagnosing the Metabolic 
Syndrome X (ICD-9 Code: 277.7) (Table 11.5). The more 
criteria present, the higher the level of insulin resistance and 
its downstream consequences. Three criteria confirm the 
diagnosis and identify candidates for treatment with an insulin-
lowering agent.

Fasting 64–128 mg/dL

1 h 120–170 mg/dL
2 h 70–140 mg/dL

Table 11.3 Two-hour GTT glucose 
levels (WHO criteria, after 75 gm 
glucose load)

Table 11.4 Two-hour glucose values for impaired glucose tolerance 
and type II diabetes (WHO criteria, after 75 gm glucose load)

Normal (2 h) < 140 mg/dL
Impaired (2 h) = 140–199 mg/dL
Type II DM (2 h) ³ 200 mg/dL

Table 11.5 Metabolic syndrome diagnostic criteria

Female waist > 35 in.
Triglycerides > 150 mg/dL
HDL Chol < 50 mg/dL
BP > 130/85 mmHg
Fasting Glucose: 110–125 mg/dL
2 h pp Glucose (75 gm): 140–199 mg/dL
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At risk individuals include those with: cardiovascular 
disease; hypertension; polycystic ovary syndrome; hyperan-
drogenemia, insulin resistance and acanthosis nigricans 
(HAIR-AN); nonalcoholic steatohepatosis (NASH); a family 
history of Type II DM; gestational diabetes; impaired glu-
cose tolerance; non-Caucasian; sedentary lifestyle; BMI > 25; 
and Age > 40 year. (National Cholesterol Education Program 
expert panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults (ATP III).

The Metabolic Syndrome (MBS) has a twofold higher 
prevalence in PCOS compared to age-matched women in the 
general population [95]. A significant proportion of those 
with PCOS and MBS demonstrate abnormal lipoproteins 
including: elevated total cholesterol, triglycerides, and low-
density lipoproteins (LDL), and low levels of high-density 
lipoproteins (HDL) and apoprotein A-I [91, 96]. A decrease 
in HDL

2a levels is characteristic of the PCOS population 
[97]. Additional findings in PCOS include impaired fibrin-
olysis demonstrated by elevated circulating levels of plasmi-
nogen activator inhibitor [98], an increased incidence of 
hypertension progressing to a 40% prevalence by perimeno-
pause [96], a greater prevalence of atherosclerosis and car-
diovascular disease [99, 100], and an estimated sevenfold 
increased risk for myocardial infarction [101].

11.9  Hyperandrogenism in PCOS

Hyperandrogenism most often presents as hirsutism, which is 
a result of androgen excess originating from the ovary and/or 
adrenal glands, or constitutive increase in expression of andro-
gen effects at the level of the pilosebaceous unit, or a combina-
tion of these activities. Virilization is rare compared to 
hirsutism. It indicates marked elevations in androgen levels, 
and is commonly caused by an ovarian or adrenal neoplasm.

11.9.1  Hirsutism

Hirsutism is defined as excessive growth of terminal hair in a 
male distribution. Hirsutism is relative, and is based on ethnic 
variation in skin sensitivity to androgens and cultural accept-
ability. Androgen-dependent hair (excluding pubic and axil-
lary hair), or hirsutism, occurs in only 5% of premenopausal 
Caucasian women and is considered abnormal by North 
American white women. In contrast, facial and male pattern 
hair in other areas may be more common and socially accept-
able in groups such as the Inuit and Mediterranean women. 
Hirsutism in PCOS women shows ethnic diversity and is 
likely based on differences in skin 5a-reductase activity  
[24, 25]. Hirsutism is found in approximately 70% of PCOS 
patients in the United States [102] and in only 10–20% of 
Japanese patients with PCOS [103].

In determining the extent of hirsutism, a culturally sensi-
tive and tactful approach by the physician is mandatory. It is 
instructive to ellicit should include descriptions of the use 
and frequency of shaving and/or chemical or mechanical 
depilatories.

Typically, clinical evaluation of the degree of hirsutism is 
quite subjective, with most classifying the degree of hirsut-
ism as mild, moderate, or severe. Objective assessment is 
helpful, however, especially to aide in the evaluation of ther-
apy. A hirsutism scoring scale of androgen-sensitive hair in 
nine body areas rated on a scale of 0–4 has been used [104] 
(Fig. 11.3). Scores higher than 8 are defined as hirsutism.

A family history should be obtained to disclose evidence 
of idiopathic hirsutism, PCOS, congenital or adult onset 
adrenal hyperplasia (CAH or AOAH), diabetes mellitus, and 
cardiovascular disease. A history of drug use should also be 
obtained. In addition to drugs that commonly cause hyper-
trichosis, anabolic steroids and testosterone derivatives may 
cause hirsutism and even virilization (Table 11.6).

During the physical examination, attention should be 
directed to obesity, hypertension, galactorrhea, male-pattern 
baldness, acne (face and back), and hyperpigmentation. With 
virilization, the presence of an androgen-producing ovarian 
neoplasm or Cushing’s syndrome must be considered. In many 
cases of Cushing’s syndrome, dissection of the patient’s pre-
senting symptoms reveal that hirsutism and proximal muscle 
weakness were primary complaints. Cushing’s syndrome may 
masquerade as AOAH and PCOS. Each evaluation of hirsutism 
should include inspections for the physical signs of Cushing’s 
syndrome, such as proximal muscle weakness, “moon face,” 
plethora, purple striae, dorsocervical and supraclavicular fat 
pads. The usual preservation or even enhancement of the radial 
musculature in non-Cushing’s, hyperandrogenic disorders is 
a useful tip for this differential diagnosis.

Hirsutism most commonly occurs in midline hair, side 
burns, mustache, beard, chest or intermammary hair, as well 
as inner thigh and midline lower back hair entering the inter-
gluteal area. These androgen responsive areas transforms 
vellus hair (fine, non pigmented, short) into terminal hair 
(coarse, stiff, pigmented, and long).

Androgen responsiveness relates to body regions. Lanugo, 
eyebrow, and eyelashes show no androgen responsivity. 
Hair of the limbs and portions of the trunk exhibits minimal 
androgen sensitivity. Pilosebaceous units of the axilla 
and pubic region are highly sensitive to low levels of andro-
gens. In these area, the weak adrenal origin androgens elicit 
a notable expression of terminal hair. Follicles in the distri-
bution associated with male patterns of facial and body 
hair (midline, facial, inframammary) require higher levels of 
androgens, such as those seen with normal testicular func-
tion or abnormal ovarian or adrenal androgen production. 
Scalp hair is inhibited by gonadal androgens, to varying 
degrees. The variations are determined by age and the genetic 
determination of follicular responsiveness. Clinically, this 
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results in the common frontal-parietal balding seen in some 
males and in virilized females. Hirsutism results from both 
increased androgen production and skin sensitivity to andro-
gens. Skin sensitivity depends on the genetically determined 
local activity of 5a-reductase, the enzyme that converts 
testosterone to dihydrotestosterone (DHT), the bioactive 
androgen in hair follicles.

Hair demonstrates dyssynchronous, cyclic activity between 
growth (anagen), involution (catagen), and resting (telogen) 
phases. The durations of the growth and resting phases vary 
according to region of the body, genetic factors, age, and 

hormonal effects. When synchronous entry into telogen phase 
is triggered by major metabolic/endocrine events, such as preg-
nancy, delivery, or severe illness, transient and notable hair loss 
may occur in the following months (telogen effluvium).

11.9.2  Hypertrichosis and Virilization

Two conditions should be distinguished from hirsutism. 
Hypertrichosis refers to androgen-independent terminal hair 
in nonsexual areas, such as the trunk and extremities. This con-
dition may be the result of an autosomal-dominant congenital 
disorder, metabolic disorders (such as anorexia nervosa, 
hyperthyroidism, porphyria cutanea tarda), or medications 
(Table 11.6). Virilization is a markedly global masculine 
transformation that includes coarsening and deepening of the 
voice, increase in muscle mass, clitoromegaly (normal clitoral 
dimensions ± SD are 3.4 + 1 mm width by 5.1 + 1.4 mm length) 
and defeminization (loss of breast volume and body fat 

Fig. 11.3 Modified Ferriman-Gallway Scoring. Hirsutism is the pres-
ence of excess terminal hairs in androgen-dependent areas on a female, 
and can be measured objectively using a scoring system such as the 
modified Ferriman-Gallway (mF-G) score. This test is done by adding 
hair scores (0 = none, 4 = frankly virile) in nine body locations. A total 

score >8 is considered hirsute. When making the assessment personal 
hair removal activities prior to assessment should be ascertained to 
improve accuracy. Reprinted with permission from Hatch R, Rosenfield 
RL, Kim MH, Tredway D (1981) Hirsutism: implications, etiology, and 
management. Am J Obstet Gynecol 140:815–830

Acetazolamide
Corticosteroids
Cyclosporine
Diazoxide
Interferon
Minoxidil
Phenytoin
Streptomycin

Table 11.6 Drugs causing hypertrichosis
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contributing to feminine body contour) [105]. Although hir-
sutism accompanies virilization, virilization signals a more 
serious condition and should prompt evaluation to exclude 
ovarian or adrenal neoplasm.

The history should focus on the age of onset and rate of 
progression of hirsutism or virilization. A rapid rate of pro-
gression of androgen effects or virilization is associated with 
a more severe degree of hyperandrogenism, and should raise 
suspicion of ovarian and adrenal neoplasms or Cushing’s 
syndrome. This is true whether rapid progression or viriliza-
tion occurs before, during or after puberty. Hirsutism occur-
ring with regular cycles is more commonly associated with 
normal androgen levels, and thus is attributed to increased 
genetic sensitivity of the pilosebacesous unit, and is termed 
idiopathic hirsutism. When virilization is present, anovula-
tion virtually always occurs.

11.9.3  Androgen Biosynthesis

Androgens as well as their precursors are produced by a com-
bination of adrenal and ovarian synthesis in response to their 
respective trophic hormones, adrenocorticotropic hormone 
(ACTH) and luteinizing hormone (LH) (Fig. 11.4). The rate-
limiting conversion of cholesterol to pregnenolone by side-
chain cleavage enzyme begins the biosynthetic activity. 
Pregnenolone then undergoes a two-step conversion to the 
17-ketosteroid dehydroepiandrosterone (DHEA) along the D-5 
steroid pathway. CYP17, an enzyme with both 17a-hydroxy-
lase and 17,20-lyase activities, performs this conversion. In a 
parallel fashion, progesterone undergoes transformation to 
androstenedione in the D-4 steroid pathway. The metabolism 
of D-5 to D-4 intermediates is accomplished through D-5-
isomerase, 3b-hydroxysteroid dehydrogenase (3b-HSD).

11.9.3.1  Adrenal 17-Ketosteroids

Adrenal 17-ketosteroid synthesis rises prepubertally and is 
independent of pubertal maturation of the hypothalamic-pitu-
itary-ovarian axis. This increase in adrenal steroid secretion is 
termed adrenarche, which signals a change in the response of 
the adrenal cortex to ACTH as well as the preferential secre-
tion of D-5 steroids, including 17-hydroxypronenolone, 
DHEA, and dehydroepiandrosterone sulfate (DHEAS). This 
increased responsitivity to ACTH and focused steroid synthesis 
beginning in adrenarche is attributed to the increase in the zona 
reticularis and in the increased activity of the 17-hydroxylase 
and the 17,20-lyase enzymes (CYP 17). The increased adrenal 
androgen production in adrenarche accounts for significant 
increases in pubic and axillary hair, and sweat production by 
the axillary pilosebaceous units.

11.9.3.2  Testosterone

The peripheral conversion of secreted androstenedione 
accounts for one-half of a woman’s serum testosterone. 
Direct ovarian and adrenal secretion accounts for the other 
half of the serum testosterone. Both the ovaries and adrenal 
glands contribute about equally to testosterone production in 
women. The adrenal’s contribution is achieved primarily 
through secretion of androstenedione. Approximately 
66–78% of circulatory testosterone is bound to sex hormone-
binding globulin (SHBG) and is considered biologically 
inactive, although this is not totally accurate. Most of the 
proportion of serum testosterone that is not bound to SHBG 
is weakly associated with albumin (20–32%). Finally, a small 
percentage (1–2%) of testosterone is entirely unbound or 
free, and is considered the biologically active component.

The fraction of circulating testosterone that is unbound by 
SHBG has an inverse relationship with the SHBG concentra-
tion (high free testosterone levels correlate with low SHBG 
and its inverse). Increased SHBG levels are noted in condi-
tions associated with high estrogen levels. Pregnancy, use of 
estrogen (including oral contraceptives), and conditions 
causing elevated thyroid hormone levels and cirrhosis of the 
liver are associated with reduced fractions of free testoster-
one due to elevated SHBG levels. Alternatively, levels of 
SHBG decrease and result in elevated free testosterone frac-
tions in response to androgens, androgenic disorders (PCOS, 
adrenal hyperplasia, Cushing’s syndrome), androgenic med-
ications (progestational agents with androgenic biologic 
activities), danazol, and glucocorticoids, growth hormone, 
hyperinsulinemia, obesity, and prolactin.

It is not uncommon that total testosterone levels are well 
within normal limits in clinical hyperandrogenic states in 
women. This is due to the depression of SHBG that accom-
panies even mildly increased testosterone production, result-
ing in an increased free testosterone level but normal total 
testosterone level. Severe hyperandrogenism from neoplas-
tic production of testosterone, however, is reliably detected 
by measures of total testosterone. Therefore, in the clinical 
evaluation of the hyperandrogenic patient, determination of 
the total testosterone level in concert with clinical assess-
ment is frequently sufficient for diagnosis and management. 
If a more precise delineation of the degree of hyperandro-
genism is desired, measurement or estimation of free testos-
terone levels can be undertaken. Although such measurements 
are not necessary in evaluating the majority of patients, they 
are common in clinical research studies and may be useful 
in some clinical settings. Because many practitioners mea-
sure some form of testosterone level, a rudimentary under-
standing of the methods and accuracy of various techniques 
for these measurements is useful. Equilibrium dialysis for 
the measurement of testosterone is the gold standard for mea-
suring free testosterone, but, it is an expensive and complex 
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Fig. 11.4 Major Pathways in Steroid Biosynthesis: Steroid hormones 
are derivatives of cholesterol synthesized by a variety of tissues, most 
prominently the adrenal gland and gonads. The cholesterol precursor 
comes from: intracellular synthesis from acetate; cholesterol ester 
stores in intracellular lipid droplets; or, from uptake of cholesterol-
containing low density lipoproteins. The basic cyclopentanoperhy- 
drophenanthrene ring structure and carbon numbering system of all 
steroid hormones is depicted below, using pregnenolone as an example. 
Pregnenolone is an example of what is called a “C-21 steroid” because 
it has 21 carbons. Similarly, a steroid such as testosterone is referred to 
as a “C-19 steroid” and estrogen a “C-18 steroid.”

 

The rate-limiting step in this process is the transport of free cho-
lesterol from the cytoplasm into mitochondria. Within mitochon-
dria, cholesterol is converted to pregnenolone by an enzyme in the 
inner membrane called CYP11A1. Pregnenolone itself is not a hor-
mone, but is the immediate precursor for the synthesis of all of the 
steroid hormones. The table below delineates the enzymes required 
to synthesize the major classes of steroid hormones depicted in the 
diagram above

Common name “Old” name Current name

Side-chain cleavage enzyme; 
desmolase

P450
SCC

CYP11A1

3 beta-hydroxysteroid 
dehydrogenase

3 beta-HSD 3 beta-HSD

17 alpha-hydroxylase/17,20 lyase P450
C17

CYP17
21-hydroxylase P450

C21
CYP21A2

11 beta-hydroxylase P450
C11

CYP11B1
Aldosterone synthase P450

C11AS
CYP11B2

Aromatase P450
aro

CYP19

Fig 11.4, Pregnenolone and Table on this page modified and printed with 
permission from Richard Bowen, DVM, PhD at Colorado State University



158 C.J. Wheeler et al.

determination limited to research settings. Estimates of 
free testosterone that utilize an understanding of testoster-
one binding to albumin and SHBG are more commonly 
applied in clinical settings. Testosterone, that is nonspecifi-
cally bound to albumin (AT), is linearly related to free tes-
tosterone (FT) by the equation AT = K

a
 [A] × FT, where AT is 

the albumin-bound testosterone, K
a
 is the association con-

stant of albumin for testosterone, and [A] is the albumin 
concentration. In most cases of hirsutism, albumin levels 
are within a narrow physiologic range and thus do not sig-
nificantly affect the free testosterone concentration. 
Therefore, in conditions that maintain physiologic albumin 
levels, the calculated free testosterone level can be estimated 
by measuring the total testosterone as well as the SHBG 
level. This method has good reliability in individuals with 
normal albumin levels when compared with equilibrium 
dialysis. This method provides a rapid, simple, and accurate 
determination of the total and calculated free testosterone 
level as well as the concentration of SHBG.

The bioavailable testosterone level is also based on the 
relationship of albumin, SHBG, and free testosterone, but 
also incorporates the measured, rather than estimated, albu-
min level along with the total testosterone and SHBG. This 
combination of total testosterone, SHBG, and albumin level 
measurements, derives a more accurate estimate of available 
bioactive testosterone. It is termed the bioavailable testoster-
one level. Bioactive testosterone determined in this manner 
has been shown to provide a superior estimate of the effec-
tive androgen effect derived from testosterone [106].

An important exception to the accuracy of the free testos-
terone or bioavailable testosterone measurements described 
is pregnancy. In pregnancy, estradiol, which shares with tes-
tosterone a high affinity for SHBG, occupies a large propor-
tion of SHBG binding sites, so that measurement of SHBG 
levels overestimate the binding capacity of SHBG for testos-
terone. Therefore, derived estimates of free testosterone are 
inaccurate during pregnancy. Testosterone measurements in 
pregnancy are primarily of interest when autonomous secre-
tion by tumor or luteoma is in question, and for these, the 
total testosterone determination provides sufficient informa-
tion for diagnosis.

The enzyme 5a-reductase, a cytosolic enzyme that 
reduces testosterone and androstenedione, converts testoster-
one into its active metabolite, DHT, resulting in biological 
effects. Two isozymes of 5a-reductase exist: type 1, located 
predominately in the skin, and type 2, or acidic 5a-reductase, 
found in the liver, prostate, seminal vesicles, and genital skin. 
The type 2 isozyme possesses a 20-fold higher affinity for 
testosterone than type 1. In males, both type 1 and 2 deficien-
cies result in ambiguous genitalia. Both isozymes may play 
a role in androgen effects on hair growth. Dihydrotestosterone 
is more potent than testosterone because of its higher binding 
affinity and slower dissociation from the androgen receptor. 

Despite DHTs role as the key intracellular mediator of most 
androgen effects, measurements of DHT levels are not clini-
cally useful. The relative androgenicity of androgens is as 
follows: DHT = 300, testosterone = 100, androstenedione = 10, 
and DHEAS = 5.

Androgen levels remain low until adrenarche. At around 
8 years of age, adrenarche is preceded by a marked increase 
in DHEA and DHEAS. The half-life of free DHEA is 
extremely short (about 30 min) but is extended to several 
hours when DHEA is sulfated. While no clear role has been 
identified for DHEAS, it is associated with stress, and 
DHEAS levels decline steadily in adulthood. After meno-
pause, ovarian estrogen secretion ceases, and DHEAS levels 
decline, but testosterone levels are maintained, and may even 
increase slightly. Postmenopausal ovarian steroidogenesis 
contributes to testosterone production, but testosterone levels 
retain diurnal variation, suggesting an ongoing adrenal secre-
tion. The peripheral aromatization of androgens to estrogens 
increases with age, and small fractions (2–10%) of andro-
gens are metabolized in this fashion.

11.9.4  Laboratory Evaluation of Hirsutism

When laboratory testing for the assessment of hirsutism is 
indicated, a bioavailable testosterone level (total testosterone, 
SHBG, and albumin level) or calculated free testosterone level 
(if albumin levels are assumed to be normal) provides the most 
accurate assessment of the effective androgen effect derived 
from testosterone, except in pregnancy. In most clinical situ-
ations, however, a total testosterone (£200 ng/mL), DHEAS, 
and 17-hydroxyprogesterone (17-OHP) measurements will 
screen for the conditions that require additional evaluation. 
When amenorrhea or irregular cycles accompany the presen-
tation, LH, follicle-stimulating hormone (FSH), prolactin, and 
thyroid-stimulating hormone (TSH) values are required to 
determine the diagnosis of the ovulatory disorder. 
Hypothyroidism and hyperprolactinemia may result in 
reduced levels of SHBG and may increase the fraction of 
unbound testosterone levels, occasionally resulting in hirsut-
ism. Elevated LH-to-FSH ratios are noted in some women 
with PCOS, but are neither necessary, nor sufficient for the 
diagnosis. In cases of suspected Cushing’s syndrome (DHEAS 
elevated > twice the upper limit of normal), patients should 
undergo screening with a 24-h urinary cortisol (most sensi-
tive and specific) assessment and/or an overnight dexame-
thasone suppression test. For the overnight dexamethasone 
suppression test, the patient takes 1 mg of dexamethasone at 
11:00 pm, and a blood cortisol assessment is performed at 8:00 
am the next day. Cortisol levels of 2 ug/dL or higher after the 
overnight dexamethasone suppression require an evaluation 
for Cushing’s syndrome. Elevated 17-OHP levels identify 
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patients with adult onset adrenal hyperplasia (AOAH), and are 
found in 1–5% of hirsute women. 17-OHP levels vary signifi-
cantly in the cycle, increasing in the periovulatory period and 
luteal phase, and may be modestly elevated in PCOS. 
Standardized testing requires evaluation in the morning during 
the follicular phase. Normal AM, baseline follicular phase 
17-OHP levels are less than 200 ng/dL (6 nmol/L). When levels 
are greater than 200 ng/dL but less than 800 ng/dL (24 nmol/L), 
ACTH testing should be performed to distinguish between 
PCOS and AOAH. Levels greater than 800 ng/dL (24 nmol/L) 
are virtually diagnostic of AOAH due to 21-hydroxylase defi-
ciency (Fig. 11.5).

Some hirsute women manifest total testosterone levels 
above normal (20–80 ng/dL [0.723 nmol/L]). Recalling that 
increased testosterone production is not reliably reflected by 
total testosterone levels, a clinician may choose to rely on 
typical male pattern hirsutism as confirmation of its pres-
ence, or may elect measures that reflect levels of free or 
unbound testosterone (bioavailable or calculated free testos-
terone levels). The total testosterone level does function reli-
ably as a marker for testosterone producing neoplasms. Total 
testosterone levels >200 ng/dL should prompt a workup for 
ovarian or adrenal tumors and DHEAS levels greater than 
twice the upper limit of normal should prompt evaluation for 
adrenal neoplasm. Both should be measured in the presence 
of virilization.

In the past, testing for androgen conjugates (e.g.,  
3a-androstenediol G [3a-diol G] and androsterone G [AOG] as 
markers for 5a-reductase activity in the skin) was advocated. 

However, routine determination of androgen conjugates to 
assess hirsute patients is not recommended, because hirsut-
ism itself is an excellent bioassay of free testosterone action 
on the hair follicle and because these androgen conjugates 
arise from adrenal precursors and are likely markers of only 
adrenal steroid production [107].

For most laboratories, the upper limit of a DHEAS level 
is 350 mg/dL (9.5 nmol/L). A random sample suffices 
because the level of variation is minimized due to the long 
half-life of this sulfated steroid. A normal level essentially 
rules out adrenal disease, and moderate elevations are a 
common finding in the presence of PCOS and obesity. As a 
general guideline, a DHEAS level of over twice the upper 
limit of normal, 700 ug/dL (20 nmol/L), indicates the need 
to rule out an adrenal tumor or Cushing’s syndrome. 
Absolute ceilings for this threshold vary significantly by 
age, as levels decline steadily after a peak around age 20. 
Therefore, laboratories commonly provide reference levels 
for age. Only rarely, ovarian tumors are associated with high 
DHEAS levels.

11.10  Treatment of Hyperandrogenism  
and PCOS

Treatment regimens depend on a patient’s goals: hormonal 
contraception; a reduction in the effects of hyperandrogene-
mia; and/or ovulation induction. In all cases where there is 
significant ovulatory dysfunction, a progestational interven-
tion of unopposed estrogen effects on the endometrium is 
required. This can be provided through periodic luteal func-
tion resulting from ovulation induction, progestational con-
trol via contraceptive formulations, or intermittent 
administration of progestational agents for endometrial/men-
strual regulation. Interruption of the hyperandrogenism and 
control of hirsutism usually can be accomplished simultane-
ously. An exception is those patients desiring pregnancy, in 
whom effective control of hirsutism may not be possible. 
Treatment regimens for hirsutism are listed in Table 11.7. 
The induction of ovulation and treatment of infertility are 
discussed in the chapter by Gibson.

11.10.1  Weight Reduction

Weight reduction is the primary recommendation for all 
patients with accompanying obesity, because it is health pro-
moting and because it reduces insulin, SHBG and androgen 
levels, and may restore ovulation either alone or combined 
with ovulation-induction agents [93]. Weight loss of as little 
as 5–7% over a 6-month period can reduce the bioavailable 

Fig. 11.5 Normogram for comparing 17-OHP levels before and 60 min 
after a 0.25 mg iv bolus of cosyntropin in subjects with or without 
21-hydroxylase deficiency. The values for normals and heterozygotes 
(carriers) overlap. Therefore, DNA testing and other hormone tests may 
also be used to confirm the diagnosis. Reprinted with permission from 
Speiser and White (2000) Congenital adrenal hyperplasia due to 
21-hydroxylase deficiency. Endocr Rev 21(3):245–291
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or calculated free testosterone level significantly and restore 
ovulation and fertility in over 75% of women [108]. By the 
age of 40 years, nearly 40% of women with PCOS in the 
United States will have developed type-2 diabetes or impaired 
glucose tolerance [92].

While prevalence of a metabolic syndrome, impaired glu-
cose tolerance, and type 2 diabetes mellitus are elevated in 
PCOS [85, 109], it is unclear whether there is increased long-
term cardiovascular morbidity or mortality [110]. Presently, 
40–60% of women with PCOS are overweight [111]. 
Additionally, women with PCOS display an increased cen-
tral or visceral obesity [112].

National rates of obesity have increased significantly over 
the last 30 years in all populations, all ages, and in all coun-
tries [113, 114]. Unfortunately, in the United States, a major-
ity of the adult population is now either overweight or obese 
[115]. This obesity epidemic has been attributed to a decline 
in energy expenditure and the intake of calorie-dense foods 
[116]. As our population trends towards obesity, the incidence 
of diabetes also increases. Presently, type-2 diabetes affects 
more than 60 million Americans, or about 8% of the adult 
population [117]. PCOS women have a greater risk of insulin 
resistance secondary to obesity, and hence the rates of diabe-
tes are also increased [85, 118]. Unfortunately, the majority 
of patients who are able to lose weight over time regain that 
weight [119]. Keys to successful weight loss include regular 
physical activity, behavioral management strategies, social 
support, and particular attention to psychological adjustments 
including behavior modification and stress management 
(Moran 17). It has been documented in women with PCOS 
that moderate weight loss reduces insulin resistance and 
hyperandrogenemia [93, 98, 120], ovarian volume and folli-
cle number [121], and results in improved menstrual function, 
as well as ovulation [121–123]. Additional benefits of weight 
loss include a reduction in the risk of developing gestational 

diabetes mellitus [124], and a reduction in miscarriage rates 
[123]. Furthermore, psychological parameters including self-
esteem, anxiety, mean depression scores, and general health 
scores are improved [125]. Dietary and lifestyle interventions 
are listed in Table 11.8.

Exercise alone involving large muscle groups reduces 
insulin resistance, and is an important component of the 

Table 11.7 Medical treatment of hirsutism

Treatment category Regimens

Weight loss Dietary and lifestyle modifications Orlisat
Hormonal suppression Oral contraceptives

Medroxyprogesterone
Gonadotropin-releasing hormone analogs
Glucocorticoids

Steroidogenic enzyme 
inhibitors

Ketoconazole

5a-reductase inhibitors Finasteride
Antiandrogens Spironolactone

Cyproterone acetate
Flutamide

Insulin sensitizer Metformin
Mechanical Temporary

Permanent
Electrolysis
Laser hair removal

Table 11.8 Dietary and lifestyle interventions in PCOS

Lifestyle Lifestyle modification includes exercise, dietary and 
behavioral modifications

Behavioral Behavioral modification programs are available at 
minimal cost from local hospitals, the American 
Heart Association, and other organizations

Dietary Reduced-energy diets (500–1000 kcal/day reduction) 
can reduce body weight by 7–10% over a 
6–12 month period

Diets should include:
 Dairy (low fat) 2–3 servings/day
 Bread/cereals 3 servings/day
 Fruit 2 servings/day
 Vegetables 2 cups/day
 Meat/chicken/fish (lean) 1–2 servings/day
 Fats/oils (low saturated fat) 3–4 teaspoons/day or 

as nuts/seeds
 <10% of calories from saturated fats
 Increased fiber, whole grains, fruits and vegetables
 Increased dietary protein or unrefined carbohy-

drates improve reproductive and metabolic 
parameters equally and may be used as diet 
modification options. Other diet options 
(increased protein, reducing glycemic index, and 
reduced carbohydrates) are successful in 
achieving and maintaining optimal weight, but 
long-term consequences are not well studied in 
PCOS, to date

Exercise Both resistance and aerobic training are required. 
Resistance training: 2–3 times per week, with one 
set of 8–15 repetitions at moderate intensity, 
using 8–10 exercises that work each of the major 
muscle groups. Aerobic training in obese 
individuals should begin by increasing physical 
activity to a goal of 200–300 min per week 
(20 min increasing to 45 min/day; 3–5 h/week; 
³2,000 kcal per week). This activity can be brisk 
walking or other activities based on physical 
condition and limitations. A rule of thumb is that 
to maintain or lose weight, 30 and 60 min of 
exercise/day, respectively, is requiredThe 
American Diabetes Association recommends that 
patients with impaired glucose tolerance should 
have a minimum of 150 min of exercise/week of 
moderate to vigorous activity. (150 min/week at 
50–70% of maximum heart rate or 90 min/week 
at >70% of maximum heart rate. Resistance 
training is strongly encouraged

Tobacco and 
alcohol use

Cessation programs and pharmacologic assistance 
when indicated

Modified and reprinted with permission from Moran LJ, Brinkworth G, 
Noakes M, Norman RJ (2006) Effects of lifestyle modification in poly-
cystic ovarian syndrome. Reprod Biomed Online 12:569–578
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nonpharmacologic, lifestyle-modifying recommendations 
for PCOS women. It has been shown that moderate exercise 
can reduce, by 25%, the rate of diabetes, if at risk individuals 
walk briskly for 30 min per day for at least 5 days per week 
[126]. Women who walk 2–3 h per week total are 34% less 
likely to develop diabetes [127]. In addition to a reduced risk 
of diabetes, moderate intensity physical activity reduces 
cardiovascular events [128, 129] and improves insulin sensi-
tivity [130].

While lifestyle modifications of diet and exercise are 
critical to the management of PCOS, there is some prelimi-
nary evidence that certain macronutrient profiles may be 
optimal in achieving weight loss for individuals with insulin 
resistance. While weight loss drugs may be helpful in initi-
ating a reduction in weight, there does not appear to be sus-
tained benefit from the continued use of these drugs. 
Bariatric surgery may be a useful technique in morbidly 
obese women with PCOS. Studies in this area demonstrate 
improvements in hirsutism, hyperandrogenism, insulin 
resistance, menstrual cyclicity, and ovulation [131–133].

Beyond the benefits noted, there is significant evidence 
from observational perspective studies that adherence to an 
exercise regimen after weight loss will sustain the weight loss 
more significantly than sedentary behavior. The American 
College of Obstetricians and Gynecologists provides exercise 
recommendations in the management of gestational diabetes 
[134]. Many feel these guidelines are applicable to the PCOS 
population. In summary, weight reduction and regular exercise 
should be the initial therapy for overweight PCOS patients. 
Table 11.7 details the Medical Treatments of PCOS-related 
Hirsutism, Table 11.8 reviews Dietary and Lifestyle 
Interventions in PCOS and Table 11.9 the Health Benefits of 
Regular Exercise.

11.10.2  Oral Contraceptives

Combination OCs suppress adrenal and ovarian androgen 
production [135–138] and reduce hair growth in nearly 

two-thirds of hirsute patients. OCs offer the following benefits 
to PCOS patients:

The progestin component suppresses LH, resulting in  ·
diminished ovarian androgen production.
The estrogen increases hepatic production of SHBG,  ·
resulting in decreased free testosterone concentration 
[139, 140].
Circulating androgen levels are reduced, including those  ·
of DHEAS, which to some extent is independent of the 
effects of both LH and SHBG [91, 141].
Estrogens decrease conversion of testosterone to DHT in  ·
the skin by inhibition of 5a-reductase.

When choosing an OC that is used to treat hirsutism, consid-
eration of the androgenicity of the progestin must be consid-
ered. Three progestin compounds, structurally similar to 
19-nortestosterone, which are present in OCs (norgestrel, 
norethindrone, and norethindrone acetate) are believed to be 
androgen dominant [142]. Oral contraceptives containing the 
so-called new progestins (desogestrel, gestodene, norgesti-
mate, and drospirenone) have minimized androgenic activ-
ity. There is growing evidence that there is a difference in 
hyperandrogenic signs and symptoms using OC use based on 
androgenic potency. A recent study documents the potential 
advantages, with regards to acne, of minimally androgenic 
progestins (drospirenone) [143].

The use OCs with progestins similar to 19-nortestosterone 
may be relatively ineffective (<10% success rate) in the treat-
ment of hirsutism in women with PCOS [144]. Insulin resis-
tance may also be exacerbated by OCs in these patients [145]. 
Therefore, unless utilizing minimally androgenic progestins 
in the OC, management of hirsutism with OC’s will usually 
include coadministration of agents that impede androgen 
action, such as spironolactone.

11.10.3  Medroxyprogesterone Acetate

Oral or intramuscular administration of medroxyprogesterone 
acetate successfully treats hirsutism [146]. It decreases GnRH 
production and the release of gonadotropins, thereby reducing 
testosterone and estrogen production by the ovary. Despite a 
decrease in SHBG, total and free androgen levels are decreased 
significantly [147]. The recommended oral dosage is 20–40 mg 
daily in divided doses or 150 mg given intramuscularly every 
6 weeks to 3 months in the depot form. Hair growth is reduced 
in up to 95% of patients [148]. Side effects of the treatment 
include weight gain, amenorrhea, bone mineral density loss, 
depression, fluid retention, headaches, and hepatic dysfunc-
tion. Before instituting an intramuscular regimen of medroxy-
progesterone acetate for hirsutism, a course of oral therapy 
may help to determine if potential adverse effects such as 
weight gain will be problematic.

Table 11.9 Health benefits of regular exercise

Cardiovascular Improves – HDL cholesterol and triglycerides
Decreases visceral fat
Improves blood pressure
Reduces incidence of cardiovascular event

Diabetes type 2 Reduces development of diabetes
Lowers Hemoglobin A1C levels
Improves insulin sensitivity

Obesity Reduces adiposity, including visceral fat
Maintains lean body mass during weight loss
Assists in maintaining weight loss and reduces regain

Osteoporosis Enhances bone mass deposition in adolescence
Maintains bone mass
Protects from fractures
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11.10.4  Gonadotropin-Releasing Hormone 
Agonists

Administration of GnRH agonists may allow the differentia-
tion of androgen produced by adrenal sources from that of 
ovarian sources [20]. GnRH agonists suppress ovarian ste-
roids, including androgens, to castrate levels in patients with 
PCOS [149]. Treatment with leuprolide acetate given intra-
muscularly every 28 days decreases hirsutism and hair diam-
eter in both idiopathic hirsutism and hirsutism secondary to 
PCOS [150]. The addition of OC or estrogen replacement 
therapy to GnRH agonist treatment (add-back therapy) pre-
vents bone loss and other side effects of menopause, such as 
hot flushes and genital atrophy. The hirsutism-reducing effect 
is retained [147, 151], but not potentiated by the addition of 
estrogen replacement therapy [152]. Such a regimen is rarely 
employed due to cost considerations.

11.10.5  Glucocorticoids

Dexamethasone may be used to treat patients with adrenal 
hyperandrogenism (non-classic congenital adrenal hyperpla-
sia). Routine use for PCOS is not recommended. Doses of dex-
amethasone as low as 0.25 mg every night or every other night 
are used initially to suppress DHEAS concentrations to less 
than 400 mg/dL. Dexamethasone has 40 times the glucocorti-
coid effect of cortisol, therefore, daily doses greater than 0.5 mg 
every evening should be avoided to prevent the risk of adrenal 
suppression and severe side effects that resemble Cushing’s 
syndrome. To avoid oversuppression of the pituitary–adrenal 
axis, morning serum cortisol levels should be monitored inter-
mittently (maintain at >2 mg/dL). Reduction in hair growth rate 
has been reported [153], as well as significant improvement in 
acne associated with adrenal hyperandrogenism. The utility of 
short-term high dose dexamethasone in ovulation induction 
with clomid in PCOS is discussed in the chapter by Gibson.

11.10.6  Ketoconazole

Ketoconazole inhibits the key steroidogenic cytochromes. 
Administered at a low dose (200 mg/day), it can significantly 
reduce the levels of androstenedione, testosterone, and cal-
culated free testosterone [154]. Ketoconazole is rarely used 
to treat hirsutism.

11.10.7  Spironolactone

Spironolactone is a specific antagonist of aldosterone, which 
competitively binds to the aldosterone receptors in the distal 

tubular region of the kidney. This potassium-sparing diuretic 
was originally used to treat hypertension. The effectiveness 
of spironolactone in the treatment of hirsutism is based on 
the following mechanisms:

Competitive inhibition of DHT at the intracellular receptor  ·
level [24]
Suppression of testosterone biosynthesis by a decrease in  ·
the CYP enzymes [155]
Increase in androgen catabolism (with increased peripheral  ·
conversion of testosterone to estrone)
Inhibition of skin 5 · a-reductase activity [24]

Both total and free testosterone levels are significantly reduced 
in patients with both PCOS and idiopathic hirsutism (hyper-
androgenism with regular menses) after treatment with 
spironolactone. The total and free testosterone levels in 
patients with PCOS remain higher than those with idiopathic 
hirsutism (hyperandrogenism with regular menses) [156]. In 
both groups, SHBG levels are unaltered. A modest improve-
ment in hirsutism can be anticipated in 70–80% of women 
using even the minimum of 100 mg of spironolactone per day 
for 6 months [157]. Spironolactone reduces the daily linear 
growth rate of sexual hair, daily hair volume, and average hair 
shaft diameter [158]. The most common dosage is 100–200 mg 
per day in a divided dosage. Women treated with 200 mg/day 
show a greater reduction in hair shaft diameter than women 
receiving 100 mg/day [159]. The maximal effect on hair 
growth is noted at close to 6 months but continues for 12 
months. Electrolysis can be recommended 9–12 months after 
the initiation of spironolactone for permanent hair removal.

Menstrual irregularity (usually metrorrhagia), is the most 
common side effect of spironolactone and occurs in over 
50% of patients with a dosage of 200 mg/day [159]. Normal 
menses may resume with reduction of the dosage. Other side 
effects such as mastodynia, urticaria, or scalp hair loss occur 
infrequently. Nausea and fatigue can occur with high doses 
[157]. Because spironolactone can increase serum potassium 
levels, its use is not recommended in patients with renal 
insufficiency or hyperkalemia. Periodic monitoring of potas-
sium and creatinine levels is suggested. Amenorrheic patients 
have a return of normal menses in amenorrheic patients is 
reported in up to 60% of cases [156]. Patients must be coun-
seled to use contraception while taking spironolactone 
because it theoretically can feminize a male fetus.

11.10.8  Cyproterone Acetate

Cyproterone acetate, a synthetic progestin derived from 
17-OHP, has potent antiandrogenic properties. The primary 
mechanism of cyproterone acetate is the competitive inhibition 
of testosterone and DHT at the androgen receptor [155, 160]. 
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This agent also induces hepatic enzymes and may increase 
the metabolic clearance rate of plasma androgens [161]. 
A European formulation of ethinyl estradiol with cyproterone 
acetate significantly reduces plasma testosterone and andros-
tenedione levels, suppresses gonadotropins, and increases 
SHBG levels [162]. Cyproterone acetate also shows mild 
glucocorticoid activity [163] and may reduce DHEAS levels 
[160]. It is administered in a reverse sequential regimen 
(cyproterone acetate 100 mg/day on days 5–15, and ethinyl 
estradiol 30–50 mg/day on cycle days 5–26). This cyclic 
schedule allows regular menstrual bleeding, provides excel-
lent contraception, and is effective in the treatment of hirsut-
ism and acne [164]. Side effects of cyproterone acetate 
include decreased libido, fatigue, headaches, irregular bleed-
ing, nausea, and weight gain. These symptoms occur less 
often when used in combination with ethinyl estradiol. 
Cyproterone acetate administration has been associated with 
liver tumors in beagles and is not approved by the U.S. Food 
and Drug Administration for use in the United States.

11.10.9  Flutamide

Flutamide, a pure nonsteroidal antiandrogen, is approved for 
treatment of advanced prostate cancer. Its mechanism of 
action is inhibition of nuclear binding of androgens in target 
tissues. Although it has a weaker affinity to the androgen 
receptor than spironolactone or cyproterone acetate, larger 
doses (250 mg given two or three times daily) may compen-
sate for the reduced potency. Flutamide also acts as a weak 
inhibitor of testosterone biosynthesis. In a single, 3-month 
study of flutamide alone, most patients demonstrated signifi-
cant improvement in hirsutism with no change in androgen 
levels [165]. Significant improvement in hirsutism with a 
significant drop in androstenedione, DHT, LH, and FSH lev-
els was observed in an 8-month follow-up of flutamide and 
low-dose OCs in women who did not respond to OCs alone 
[166]. The side effects of flutamide treatment combined with 
a low-dose OC included breast tenderness, decreased libido, 
dizziness, dry skin, fatigue, headaches, hot flashes, increased 
appetite, liver toxicity, nausea, and breast tenderness [167]. 
In hyperinsulinemic hyperandrogenemic nonobese PCOS 
adolescents on a combination of metformin (850 mg/day) 
and flutamide (62.5 mg/day), the low dose OC containing 
drospirenone, resulted in a more effective reduction in total 
and abdominal fat excess more efficiently than those utiliz-
ing an OC with gestodene as the progestin [168]. Additional 
work has demonstrated the combination of ethinyl-
drospirenone, metformin and flutamide are effective in 
reducing excess total and abdominal fat as well as attenuat-
ing dysadipocytokinemia in young women with the hyperin-
sulinemic PCOS. The use of the antiandrogen, flutamide, 

appeared to be critical to the effects noted [169]. Many 
patients taking flutamide (50–75%) report dry skin and/or a 
blue-green discoloration of urine. The risk of liver enzyme 
elevation may preclude flutamide as a routine option for the 
treatment of hirsutism. Flutamide should not be used in 
women desiring pregnancy. Flutamide has shown efficacy in 
the treatment of hirsutism but has a high incidence of adverse 
effects and is associated with low long-term compliance 
[170]. At present, flutamide is considered an investigational 
drug and is not approved for this indication by the FDA.

11.10.10  Cimetidine

Cimetidine is a histamine H
2
 receptor antagonist with a weak 

antiandrogenic effect as a result of its ability to occupy andro-
gen receptors, and inhibit DHT binding at the level of the hair 
follicles. Although cimetidine has been reported to reduce hair 
growth in women with hirsutism [171], two later studies show 
no beneficial effect [172, 173]. Its use is not recommended.

11.10.11  Finasteride

Finasteride, a specific inhibitor of type 2 5a-reductase enzyme 
activity, has been approved in the United States at a 5-mg dose 
for the treatment of benign prostatic hyperplasia and at a 1-mg 
dose to treat male-pattern baldness. In a study in which finas-
teride (5 mg daily) was compared with spironolactone (100 mg 
daily) [174], both drugs resulted in similar significant improve-
ment in hirsutism despite differing effects on androgen levels. 
Most of the improvement in hirsutism occurred after 6 months 
of therapy with 7.5 mg of finasteride everyday [175]. The 
improvement in hirsutism in the presence of rising testoster-
one levels serves as convincing evidence that it is the binding 
of DHT, and not testosterone, to the androgen receptor that is 
responsible for hair growth. Finasteride does not prevent ovu-
lation or cause menstrual irregularity. The increase in SHBG 
caused by OCs further decreases free testosterone levels; OCs 
in combination with finasteride are more effective in reducing 
hirsutism than finasteride alone. As with spironolactone and 
flutamide, finasteride could theoretically feminize a male 
fetus; therefore, both of these agents are used only with addi-
tional contraception. The use of finasteride is considered 
investigational and is not FDA approved.

11.10.12  Ovarian Wedge Resection

Bilateral ovarian wedge resection is associated with a tran-
sient reduction in androstenedione levels and a minimal 
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decrease in plasma testosterone [176, 177]. In patients with 
hirsutism and PCOS who had wedge resection, hair growth 
was reduced by approximately 16% [1, 178]. Despite Stein’s 
original report citing a pregnancy rate of 85% following 
wedge resection and the maintenance of ovulatory cycles, 
subsequent reports show much lower pregnancy rates and a 
concerning incidence of periovarian adhesions [179].

11.10.13  Laparoscopic Ovarian Diathermy

Laparoscopic ovarian diathermy is an alternative to wedge 
resection in patients with clomiphene citrate resistant PCOS. 
In a recent series [180], ovarian drilling was achieved laparo-
scopically with an insulated electrocautery needle, using 
100-W cutting current to aid in entry and 40-W coagulating 
current to treat each microcyst over 2 s (8-mm needle in 
ovary). In each ovary, 10 to 15 punctures were created. This 
led to spontaneous ovulation in 73% of patients, with 72% 
conceiving within 2 years. Of those who had undergone a 
follow-up laparoscopy, 11 of 15 were adhesion-free. To 
reduce adhesion formation, a technique that cauterized the 
ovary only in four points, led to a similar pregnancy rate 
[181], with a miscarriage rate of 14%. Most series report a 
decrease in both androgen and LH concentrations and an 
increase in FSH concentrations [182, 183]. Unilateral dia-
thermy has been shown to result in bilateral ovarian activity 
[184]. A recent Cochrane review concluded that there was no 
evidence of a difference in the live birth rate and miscarriage 
rate in women with clomiphene-resistant PCOS undergoing 
laparoscopic ovarian diathermy (LOD) compared to gonado-
trophin treatment. The reduction in multiple pregnancy rates 
in women undergoing LOD enhanced consideration of this 
option. However, there continued to be concerns about long-
term effects of LOD on ovarian function [185]. The risks of 
surgical intervention, adhesion formation and potential altera-
tion of ovarian function should be discussed with the patient.

11.10.14  Physical Methods of Hair Removal

Depilatory creams remove hair only temporarily. These 
agents break down and dissolve hair by hydrolyzing disul-
fide bonds. While depilatories are effective, many women 
cannot tolerate these irritative chemicals. The addition of a 
topical corticosteroid cream may prevent contact dermatitis. 
Eflornithine hydrochloride cream, also known as difluorom-
ethylornithine (DMFO), irreversibly blocks ornithine decar-
boxylase (ODC), the enzyme in hair follicles that is important 
in regulating hair growth. It is also effective in the treatment 
of unwanted facial hair [186].

Shaving is effective, and contrary to common belief, does 
not change the quality, quantity, or texture of hair [187]. 
Plucking, however, may cause inflammation and damage to 
hair follicles and cause them to be less amenable to elec-
trolysis. Waxing is a grouped method of plucking in which 
hairs are plucked out from under the skin surface. The results 
of waxing last longer (up to 6 weeks) than shaving or depila-
tory creams [187].

Bleaching removes the hair pigment through the use of 
hydrogen peroxide (usually 6% strength), which is some-
times combined with ammonia. Although the hair lightens 
and softens during oxidation, this method is associated with 
hair discoloration, skin irritation, and is not always effective 
[186]. Electrolysis and laser hair removal are the only per-
manent methods of hair removal. Under magnification, a 
trained technician destroys each hair follicle one by one.  
A needle is inserted into a hair follicle and galvanic current, 
electrocautery, or both used in combination (blend) are 
applied to destroy the hair follicle. After the needle is 
removed, a forceps removes the hair. Hair regrowth ranges 
from 15 to 50%. Problems with electrolysis include scarring, 
pain, and pigmentation. Cost may also be an obstacle [188]. 
Laser hair removal destroys the hair follicle through pho-
toablation. These methods are most effective after medical 
therapy has arrested further growth. Thus, these techniques 
can be advised 6 to 9 months after medical therapy has 
been initiated.

11.10.15  Insulin Sensitizers

As hyperinsulinemia appears to play a role in PCOS-
associated anovulation, treatment with insulin sensitizers has 
been a contemporary investigation. In the chapter by Legro, 
he reviews in detail the role of metformin in PCOS today. The 
following recommendations are based on current evidence.

Clomiphene is superior to metformin in achieving live  ·
birth in infertile women with the polycystic ovary syn-
drome, although multiple birth is a complication [189].

 · Metformin (Glucophage) is an oral biguanide antihyperg-
lycemic drug used extensively in noninsulin-dependent 
diabetes and can be considered in women showing 
impaired glucose tolerance and improves the chances of a 
successful pregnancy [190].
Amelioration of hyperinsulinemia and hyperandrogene- ·
mia with dietary intervention or metformin treatment 
improves significantly the clinical features and reproduc-
tive function in overweight PCOS women [191].
While clomiphene citrate is the first choice therapy for  ·
women with therapy naïve PCOS, in clomiphene citrate-
resistant women, the combination of clomiphene citrate 
plus metformin is an option that may be appropriately 
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entertained. This combination may be rationally advised 
before laparoscopic ovarian diathermy or gonadotropin 
therapy. The combination of metformin and clomiphene 
increases the likelihood of ovulation (OR 4.39; 95% CI 
1.94–9.96; number-needed-to-treat 3.7) and pregnancy 
(OR 2.67; 95% CI 1.45–4.94; number-needed-to-treat 
4.6) when compared with clomiphene alone, particularly 
in clomiphene-resistant and obese women with polycystic 
ovary syndrome [192].
Presently, there is no evidence of an improvement in live  ·
birth when adding metformin to laparoscopic diathermy 
or gonadotropins, Metformin use in PCOS patients under-
going IVF, reduces the risk of OHSS [193].
Metformin does not appear to be teratogenic [ · 194].

Metformin lowers blood glucose mainly by inhibiting hepatic 
glucose production and by enhancing peripheral glucose 
uptake. Metformin enhances insulin sensitivity at the post-
receptor level and stimulates insulin-mediated glucose dis-
posal [195]. The hyperandrogenism seen in PCOS is 
substantially relieved with metformin therapy, and leads to a 
drop in insulin levels and improved reproductive function 
[196–198]. Metformin (500 mg, three times daily) increases 
ovulation rates, both spontaneously, and when used in com-
bination with clomiphene citrate in obese patients with 
PCOS. In this group, a 90% ovulation rate has been achieved 
[199]. Despite the recommendation for Clomiphene citrate 
as first choice therapy for women with therapy naïve PCOS, 
in clomiphene citrate-resistant women, the combination of 
clomiphene citrate plus metformin is an appropriate option to 
employ before laparoscopic ovarian diathermy or gonadotro-
pin therapy. The combination of metformin and clomiphene 
increases the likelihood of ovulation fourfold, and pregnancy 
twofold when compared with clomiphene alone, particularly 
in clomiphene-resistant and obese women with polycystic 
ovary syndrome [192, 200]. The most common side effects 
are gastrointestinal, including bloating, diarrhea, flatulence, 
nausea, and vomiting. Because the drug has caused fatal 
lactic acidosis in men with diabetes who have renal insuffi-
ciency, baseline renal function testing is suggested [201]. 
The drug should not be given to women with elevated serum 
creatinine levels [195]. In light of the association between 
the dysmetabolic syndrome and PCOS, some have suggested 
that metformin may be an appropriate first-line agent for 
ovulation induction in this category. Whether metformin is 
used as a primary ovulation induction agent or in combination 
with clomid, weight loss and life style interventions should 
be encouraged. A prevailing concern over the increased inci-
dence of spontaneous abortions in women with PCOS and 
the potential reduction afforded by insulin sensitizers sug-
gest that insulin sensitizers may be beneficial in combination 
with gonadotropin therapy for ovulation induction or in vitro 
fertilization [202].

11.10.16  Orlistat

Current concepts regarding the role of obesity and insulin 
resistance/hyperinsulinemia in PCOS suggest that the pri-
mary intervention should be to recommend weight loss 
(5–10% of body weight). In those with an elevated BMI, 
orlistat has proven to be helpful in initiating and maintaining 
weight loss. A percentage of PCOS patients will respond to 
weight loss alone with spontaneous ovulation. In those who 
do not respond to weight loss alone or who are unable to lose 
weight, the sequential addition of clomiphene citrate, fol-
lowed by the combination of these agents, may promote ovu-
lation without the need to proceed to injectable gonadotropins 
or surgery. Orlistat administration, combined with diet, for 
24 weeks, resulted in significant weight loss and improve-
ment of insulin resistance in obese women, with or without 
PCOS. Moreover, T levels were significantly decreased in 
women with PCOS. There appeared to be a trend during the 
first 12-week period for greater improvement of metabolic 
and hormonal parameters in women with PCOS [203].

11.11  Adrenal Conditions to Be Considered 
When Diagnosing PCOS

Cushing’s syndrome, congenital adrenal hyperplasia must be 
entertained in when considering the diagnosis of PCOS. 
While these conditions are rare compared to PCOS, the con-
sequences of these conditions warrant prompt diagnosis. 
Fortunately, these conditions are accompanied by more 
severe symptoms and laboratory abnormalities. Thus, on 
occasion, the evaluation of PCOS patients may include some 
of the screening tests indicated below.

11.11.1  Cushing’s Syndrome

The adrenal cortex produces three classes of steroid hor-
mones-glucocorticoids, mineralocorticoids, and sex steroids 
(androgen and estrogen precursors). Hyperfunction of the 
adrenal gland can produce clinical signs of increased activity 
of any or all of these hormones. Increased glucocorticoid 
production results in nitrogen wasting and a catabolic state 
resulting in: atrophy of the skin with striae, ecchymoses, glu-
cose intolerance resulting from enhanced gluconeogenesis 
and antagonism to insulin action, muscle weakness, nonheal-
ing ulcerations, osteoporosis, and reduced immune resistance 
that increases the risk of bacterial and fungal infections.

Most patients with Cushing’s syndrome gain weight, 
however, some lose it. Obesity is typically central, with a 
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characteristic redistribution of fat over the clavicles, around 
the neck, and on the trunk, abdomen, and cheeks. Cortisol 
excess may lead to depression, insomnia, mood disturbances, 
and even overt psychosis. With overproduction of sex steroid 
precursors, women may also exhibit hyperandrogenism 
(acne, hirsutism, oligomenorrhea or amenorrhea, thinning of 
scalp hair). Masculinization is rare, and its presence suggests 
an autonomous adrenal origin, most often an adrenal malig-
nancy. When mineralocorticoids are oversecreted, patients 
may manifest arterial hypertension and hypokalemic alkalo-
sis. The associated fluid retention may cause pedal edema. 
Characteristic clinical laboratory findings associated with 
hypercortisolism are confined mainly to a complete blood 
count showing evidence of granulocytosis and reduced levels 
of lymphocytes and eosinophils. Increased urinary calcium 
secretion may be present.

11.11.1.1  Causes of Cushing’s Syndrome

The six recognized noniatrogenic causes of Cushing’s syn-
drome can be divided between those that are ACTH depen-
dent and those that are ACTH independent (Table 11.10).

The ACTH-dependent causes can result from ACTH 
secreted by pituitary adenomas or from an ectopic source. 
The hallmark of ACTH-dependent forms of Cushing’s syn-
drome is the presence of normal or high plasma ACTH con-
centrations with increased cortisol levels. The adrenal glands 
are hyperplastic bilaterally. Pituitary ACTH-secreting ade-
noma, or Cushing’s disease, is the most common cause of 
Cushing’s syndrome. These pituitary adenomas are usually 
microadenomas (<10 mm in diameter) that may be as small 
as 1 mm. They behave as if they are resistant, to a variable 
degree, to the feedback effect of cortisol. Like the normal 
gland, these tumors secrete ACTH in a pulsatile fashion; 
unlike the normal gland, the diurnal pattern of cortisol 

secretion is lost. Ectopic ACTH syndrome most often is 
caused by malignant tumors. About one-half of these tumors 
are small-cell carcinomas of the lung [204]. Other tumors 
include bronchial and thymic carcinomas, carcinoid tumors 
of the pancreas, and medullary carcinoma of the thyroid.

Ectopic corticotropin-releasing hormone (CRH) tumors 
are rare and include such tumors as bronchial carcinoids, 
medullary thyroid carcinoma, and metastatic prostatic carci-
noma [204]. The presence of an ectopic CRH-secreting tumor 
should be suspected in patients whose dynamic testing sug-
gests pituitary ACTH-dependent disease but who have rapid 
disease progression and very high plasma ACTH levels.

The most common cause of ACTH-independent Cushing’s 
syndrome is exogenous or iatrogenic (i.e., superphysiologic 
therapy with corticosteroids) or factitious (self-induced). 
Corticosteroids are used in pharmacologic quantities to treat 
a variety of diseases with an inflammatory component. Over 
time, such therapy will result in Cushing’s syndrome. When 
corticosteroids are taken by the patient but not prescribed by 
a physician, the diagnosis may be especially challenging. 
The diagnostic workup for Cushing’s syndrome focuses on 
the ability to suppress autonomous cortisol secretion, and 
whether ACTH is elevated or suppressed is summarized in 
Fig. 11.6 and Tables 11.10–11.12 [205–211].

11.11.1.2  Treatment of ACTH-Independent Forms  
of Cushing’s Syndrome

Excluding cases that are of iatrogenic or factitious etiology, 
ACTH-independent forms of Cushing’s syndrome are adrenal 
in origin. Adrenal cancers are usually very large by the time 
Cushing’s syndrome is manifest. This is because the tumors are 
relatively inefficient in the synthesis of steroid hormones. In 
general, tumors are larger than 6 cm in diameter and are easily 
detectable by computed tomography (CT) scanning or mag-
netic resonance imaging (MRI). Adrenal cancers often produce 
steroids other than cortisol. Thus, when Cushing’s syndrome is 
accompanied by hirsutism or virilization in women or femini-
zation in men, adrenal cancer should be suspected.

An adrenal tumor that appears large and irregular on radio-
logic imaging is suggestive of carcinoma. In these cases, a uni-
lateral adrenalectomy through an abdominal exploratory 
approach is preferable. In most malignant tumors, complete 
resection is virtually impossible. However, a partial response 
to postoperative chemotherapy or radiation may be achieved. 
Most patients with malignancy die within 1 year. When admin-
istered immediately after surgery, mitotane (O,P-DDD, adre-
nocorticolytic drug) may be of benefit in preventing or delaying 
recurrent disease [212]. Manifestations of Cushing’s syndrome 
in these patients are controlled by adrenal enzyme inhibitors.

Adrenal adenomas are smaller than carcinomas and aver-
age 3 cm in diameter. These tumors are usually unilateral and 

Table 11.10 Causes of Cushing’s syndrome

Category Cause Relative incidence

ACTH-dependent Cushing’s syndrome 60%a

Ectopic ACTH-
secreting tumors

15%

Ectopic CRH-
secreting tumors

Rare

ACTH-independent Adrenal cancer 15%
Adrenal adenoma 10%
Micronodular adrenal 

hyperplasia
Rare

Iatrogenic/factitious Common

ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing 
hormone
aACTH-dependent Cushing’s syndrome may be caused by pituitary 
adenoma, basophil hyperplasia, nodular adrenal hyperplasia, or cyclic 
Cushing’s syndrome
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infrequently are associated with other steroid-mediated 
syndromes. Micronodular adrenal disease is a disorder of 
children, adolescents, and young adults. The adrenal glands 
contain numerous small (>3 mm) nodules, which often are 
pigmented and secrete sufficient cortisol to suppress pituitary 
ACTH. This condition can be sporadic or familial.

Surgical removal of a neoplasm is the treatment of choice 
[213, 214]. If a unilateral, well-circumscribed adenoma is iden-
tified by MRI or CT scanning, the flank approach may be the 
most convenient. The cure rate following surgical removal of 
adrenal adenomas approaches 100%. Because normal function 
of the hypothalamic-pituitary-adrenal axis is suppressed by 

autonomous cortisol production, cortisol replacement follows 
surgery and is titrated downwards over several months during 
which recovery of normal adrenal function is monitored.

11.11.1.3  Treatment of Cushing’s Disease

Surgical Therapy

The treatment of choice for Cushing’s disease is transsphe-
noidal resection. The cure rate is approximately 80% in 
patients with microadenomas who undergo surgery by an 

Fig. 11.6 Screening for Cushing’s Syndrome. UFC* Urinary Free 
Cortisol: Insure complete sample collection by discarding first morning 
void and collecting all subsequent voids including the first morning void of 
the second day. Samples should be kept refrigerated. Collectors should 
avoid all steroid creams including hemorrhoidal preparations. DST± 
Dexamethasone Suppression Test: Phenytoin, phenobaritone, carbo-
mazepine, rifampicin, rifapentine, ethosuximide, ploglitazone, and alcohol 
increase dexamethasone clearance rates. Dexamethasone metabolism is 

impaired by aprepitant/fosaprepitant, itraconazole, ritonavir, fluoxetine, 
diltiazem, cimetidine, estrogens and mitotane increase cortisol binding 
globulin and may falsely elevate cortisol levels. Late Night Salivary 
Cortisol: Salivary samples are obtained on two successive nights between 
2300 and 2400. Collection occurs by passive drooling into a plastic tube 
or by chewing a pledget (salivette) for 1–2 min. These samples are stable 
for 2 weeks at room temperature. Salivary and blood cortisol correlate 
well. Avoid licorice, chewing tobacco or smoking when collecting sample
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Table 11.12 Laboratory diagnosis of Cushing’s syndrome

24 h DEX DEX

Diagnosis Urinary cortisol Low dose High dose ACTH
ACTH-dependent
Cushing’s syndrome (60%) Increased Increased Decreased Normal
Pituitary adenoma
Basophil hyperplasia
Nodular adrenal hyperplasia
Cyclic Cushing’s syndrome
Ectopic ACTH (15%) Increased Increased Increased Increased
Ectopic CRH (rare) Increased Increased Increased or

decreased
Increased

ACTH-independent
Adrenal neoplasia Increased Increased Increased Decreased
Adenoma (10%)
Carcinoma (15%)
Primary adrenocorticoid nodular dysplasia (<1%)
Pseudo-Cushing’s syndrome (alcohol-related, <1%) Increased Increased Decreased Normal
Exogenous glucocorticoids/factitious (not cortisol) Increased or

decreased
Decreased Decreased Decreased

DEX dexamethasone; ACTH adrenocorticotropic hormone; CRH corticotropin-releasing hormone

Table 11.11 Diagnostic workup for Cushing’s syndrome

Screening Women with hirsutism who are suspected of having Cushing’s syndrome should be tested for 
urinary free cortisol in a 24-h collection and should undergo an overnight dexamethasone 
suppression test. Two consecutive collections are recommended with creatinine  
determination. Normal urinary free cortisol should range from 30 to 80 mg/day. The 
overnight dexamethasone suppression test is an 8:00am cortisol determination after the 
patient is given 1 mg of dexamethasone at 11:00pm the previous night.

Figure X reviews screening tests and their limitations
Confirmation of diagnosis Confirmation of diagnosis at this stage can be performed by the 2-day, low-dose dexamethasone 

suppression test of Liddle [198]. The patient is given 0.5 mg of dexamethasone every 6 h for 
2 days. A 24-h urine specimen is collected during the second day. Cushing’s syndrome is 
ruled out if there is suppression of urinary  
17-hydroxycorticosteroids to <3 mg/24 h (or to 0% of baseline), suppression of plasma 
cortisol to <4 mg/day, or suppression of urinary free cortisol to <25 mg/24 h

Differentiation of Cushing’s syndrome The high-dose dexamethasone suppression test is used to differentiate Cushing’s syndrome 
from other causes (2 mg every 6 h). Normally, urinary 17-hydroxycorticoids should be 
40% of baseline after 2 days. This test partially suppresses adrenocorticotropic hormone 
(ACTH) section with a resulting decrease in cortisol production in most patients with 
Cushing’s syndrome; however, it has no effect on the majority of patients with ectopic or 
adrenal Cushing’s syndrome

Differentiation of ectopic ACTH syndrome High plasma ACTH (>4.5 pmol/L or  > 20 pg/mL) is consistent with ectopic ACTH  
production from adrenal glands. A low ACTH level (<1.1 pmol/L or <5 pg/mL) identifies 
a patient who most likely has adrenal Cushing’s syndrome

ACTH-independent and -dependent A patient with ACTH-independent Cushing’s syndrome should undergo an adrenal scan by 
MRI and should be prepared for adrenal surgery. A patient with ACTH-dependent 
Cushing’s syndrome should initially receive an administration of cortical-releasing 
hormone (1 ug/kg IV over 1 min), which is followed 3–5 min later by simultaneous 
sampling of both the inferior petrosal sinuses and of the peripheral vein. The ratio of 
ACTH levels from the inferior petrosal sinuses to peripheral plasma is then calculated. 
An inferior petrosal sinus is virtually diagnostic of a pituitary tumor. Moreover, 95% of 
patients with Cushing’s syndrome are found to have ratios over 2. If the test indicates a 
patient has Cushing’s syndrome, a pituitary MRI with gadolinium enhancement should be 
obtained in preparation for transsphenoidal surgery. If the results indicate ectopic ACTH 
secretion, a computed tomography scan of the chest and possibly the abdomen should be 
performed

IV intravenous; MRI magnetic resonance imaging
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experienced surgeon [208], and is less than 50% in patients 
with macroadenomas [209]. Following surgery, transient 
diabetes insipidus and enduring compromise of anterior 
pituitary secretion of growth hormone, gonadotropins, and 
TSH, are common [210].

Radiation Therapy

High-voltage external pituitary radiation (4,200–4,500 cGy) 
is given at a rate not exceeding 200 cGy/day. Although only 
15–25% of adults show total improvement [210], approxi-
mately 80% of children respond [211].

Medical Therapy

Mitotane can be used to induce medical adrenalectomy dur-
ing or after pituitary radiation [212]. The role of medical 
therapy is to prepare the severely ill patient for surgery and 
to maintain normal cortisol levels while a patient awaits the 
full effect of radiation. Occasionally, medical therapy is used 
for patients who respond to therapy with only partial remis-
sion. Adrenal enzyme inhibitors include aminoglutethimide, 
metyrapone, trilostane, and etomidate.

A combination of aminoglutethimide and metyrapone may 
cause a total adrenal enzyme block requiring corticosteroid-
replacement therapy. Ketoconazole, an FDA-approved antifun-
gal agent, also inhibits adrenal steroid biosynthesis at the side 
arm cleavage and 11b-hydroxylation steps. The dose of keto-
conazole for adrenal suppression is 600–800 mg/day for 3 
months to 1 year [215]. Ketoconazole is effective for long-term 
control of hypercortisolism of either pituitary or adrenal origin.

Nelson’s syndrome results from adenomatous progression 
of ACTH-secreting cells in patients with Cushing’s syndrome 
treated by bilateral adrenalectomy. This macroadenoma that 
causes this syndrome produces sellar pressure symptoms of 
headaches, visual field disturbances, and ophthalmoplegia. 
Extremely high ACTH levels in Nelson’s syndrome are asso-
ciated with severe hyperpigmentation (melanocyte-stimulat-
ing hormone activity). The treatment is surgical removal or 
radiation. The offending adenomatous tissue is often resistant 
to complete surgical removal [216]. This syndrome report-
edly complicates 10–50% of bilateral adrenalectomy cases. 
Nelson’s syndrome is less common today, because bilateral 
adrenalectomy is less frequently used as initial treatment.

11.11.2  Congenital Adrenal Hyperplasia

CAH is transmitted as an autosomal recessive disorder. Several 
adrenocortical enzymes necessary for cortisol biosynthesis 

may be affected. Failure to synthesize the fully functional 
enzyme has the following effects:

A relative decrease in cortisol production ·
A compensatory increase in ACTH levels ·
Hyperplasia of the zona reticularis of the adrenal cortex ·
An accumulation of the precursors of the affected enzyme  ·
in the bloodstream

11.11.2.1  21-Hydroxylase Deficiency

Deficiency of 21-hydroxylase (CYP21A2) is responsible for 
over 90% of all cases of adrenal hyperplasia attributed to 
adrenal enzyme deficiencies. The disorder produces a spec-
trum of conditions congenital adrenal hyperplasia (CAH), 
with or without salt wasting, and milder forms that are 
expressed as hyperandrogenism of pubertal onset (nonclas-
sic, late onset, cryptic, or adult-onset adrenal hyperplasia). 
Salt-wasting CAH, the most severe form, affects 75% of 
patients with congenital manifestations during the first 2 
weeks of life, and results in a life-threatening hypovolemic 
salt-wasting crisis, accompanied by hyponatremia, hyper-
kalemia, and acidosis. The salt-wasting form results from a 
severity of enzyme deficiency sufficient to result in ineffec-
tive aldosterone synthesis. With or without salt-wasting and 
newborn adrenal crisis, the condition is usually diagnosed 
earlier in affected female newborns than in males as genital 
virilization (e.g., clitoromegaly, labioscrotal fusion, and 
abnormal urethral course) is apparent at birth.

In simple virilizing CAH, affected patients are diagnosed 
as virilized newborn females or as rapidly growing mascu-
linized boys at 3–7 years of age. Diagnosis is based on basal 
levels of the substrate for 21-hydroxylase, 17-hydroxypro-
gesterone (17-OHP), in cases of congenital adrenal hyper-
plasia due to 21 hydroxylase deficiency. In milder forms of 
the disorder with manifestations later in life (acquired, late 
onset, or adult-onset adrenal hyperplasia), diagnosis depends 
upon basal and ACTH-stimulated levels of 17-OHP. 
Figure 11.7 reviews the effects of 21-hydroxylase deficiency 
(CYP21A2).

 1. Basal follicular phase 17-OHP <200 ng/dL virtually 
excludes the disorder; no further testing is required.

 2. Basal 17-OHP >500 ng/dL establishes the diagnosis; 
there is no need for further testing [217].

 3. Basal 17-OHP >200 ng/dL and <500 ng/dL requires 
ACTH stimulation testing.

 4. In the ACTH stimulation test, plasma levels of 17-OHP 
are checked 1 h following intravenous administration of a 
bolus of 0.25 mg ACTH 1–24 (cosyntropin [Cortrosyn]) 
(Fig. 25.3). 17-OHP levels after ACTH stimulation in 
adult-onset adrenal hyperplasia are generally >1,000 ng/
dL [217] (Fig. 11.5).



170 C.J. Wheeler et al.

 5. Individuals who are heterozygous (carriers) for both 
adult-onset adrenal hyperplasia and CAH reveal stimu-
lated 17-OHP values <1,000 ng/dL. In many cases, an 
overlap with the values seen in the normal population is 
observed [218] (Fig. 11.5).

11.11.2.2  Nonclassic or Adult Onset or Late Onset  
or Cryptic Congenital Adrenal Hyperplasia 
(NCCAH)

The nonclassic type of 21-hydroxylase deficiency (CYP21A2) 
represents partial deficiency in 21-hydroxylation, which pro-
duces a late-onset, milder hyperandrogenemia. Its occurrence 
depends on some degree of functional deficit resulting from 
mutations affecting both alleles for the 21-hydroxylase 
enzyme. Heterozygote carriers for mutations in the 21-hydrox-
ylase enzyme will demonstrate normal basal, and modestly 
elevated stimulated levels of 17-OHP, but exhibit no abnor-
malities in circulating androgens. Some women with a mild 
gene defects in both alleles demonstrate modest elevations in 
circulating 17-OHP concentrations but no clinical symptoms 
or signs.

The hyperandrogenic symptoms of AOAH are mild and 
typically present at or after puberty. Following are the three 
phenotypic varieties [217]:

Those with ovulatory abnormalities and features consis- ·
tent with PCOS (39%)
Those with hirsutism alone without oligomenorrhea (39%) ·
Those with elevated circulating androgens but without  ·
symptoms (Cryptic) (22%)

The need for screening patients with hirsutism for nonclassic 
adrenal hyperplasia depends on the patient population. The 
frequency of some form of the disorder varies by ethnicity 
and is estimated at 0.1% of the general population, 1–2% 
of Hispanics and Yugoslavs, and 3–4% of Ashkenazi  
Jews [219].

Treatment of Adult-Onset Congenital  
Adrenal Hyperplasia (AOAH)

In adults with CAH, dexamethasone has been shown to 
suppress the hypothalamic-pituitary axis better than corti-
sone acetate or hydrocortisone administered in equivalent 
doses and to possibly induce less fluid retention than other 
corticosteroids. Evening administration with a dosage of 
0.25–0.5 mg is most effective [220]. In some patients, 
alternate-day therapy using the same dosage is sufficient. 
Periodic evaluation of serum cortisol is recommended. If 
morning serum cortisol concentrations are maintained at 
greater than 2 mg/dL, oversuppression, with consequent 
impaired hypothalamic-pituitary-adrenal responsiveness 
to acute stress, is unlikely [221]. Many patients with 
AOAH undoubtedly are treated, undiagnosed, with thera-
pies for ovarian hyperandrogenism and/or PCOS, with 
progestins for endometrial regulation, clomiphene or 
gonadotropins for ovulation induction, or progestins and 
antiandrogens for control of hirsutism. These therapies 
may be appropriate, as an alternative to glucocorticoid 
therapy, even when AOAH is recognized as the cause for 
the patient’s symptoms.

Fig. 11.7 Congenital Adrenal Hyperplasia. Congenital adrenal hyper-
plasias (CAH) are a group of heritable disorders associated with an 
inability or deficiency in the ability to produce cortisol. Approximately 
90% of these disorders are due to 21-hydroxylase deficiency. Without 
adequate cortisol production excessive secretion of corticotropin-
releasing hormone from the hypothalamus and ACTH from the anterior 
pituitary results in continuous stimulation of the adrenal cortex leading 

to hyperplasia. The deficiency in aldosterone production results in a 
mild to severe loss of body sodium. Because of the block in 21-hydrox-
ylase enzyme there is an overproduction of adrenal androgens, which 
leads to the development of ambiguous genitalia in the female fetus 
during pregnancy. Modified and printed with permission from Richard 
Bowen, DVM, PhD at Colorado State University
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Genetics of 21-Hydroxylase Deficiency

Classical congenital adrenal hyperplasia (CAH) affects one 
in 14,000 patients, however, mild forms of the disease may 
occur in one of every 100 to 1,000 individuals. Congenital 
adrenal hyperplasia is caused by the deficient synthesis of 
cortisol, with 90% of cases attributed to 21-hydroxylase defi-
ciency. The affected enzyme can be totally or partially 
impaired and is altered by at least nine mutations, many of 
which leave the enzyme impaired but not totally inactive. 
The incidence of classic congenital adrenal hyperplasia is 
especially high in Madagascar and certain areas of Alaska. 
Mild congenital adrenal hyperplasia occurs more frequently 
in Ashkenazi Jews, and in Hispanic, Slavic and Italian popu-
lations. Approximately, 1 in 60 people in North America are 
carriers of Classic CAH and the frequency of LOCAH carriers 
may be as high as 1 in 5.

 1. The 21-hydroxylase gene is located on the short arm of 
chromosome 6, in the midst of the HLA region.

 2. The 21-hydroxylase gene is now termed CYP21. Its 
homologue is the pseudogene CYP21P [222].

 3. Because CYP21P is a pseudogene, the lack of transcription 
renders it nonfunctional. The CYP21 is the active gene.

 4. The CYP21 gene and the CYP21P pseudogene alternate 
with two genes called C4B and C4A, both of which encode 
for the fourth component (C4) of serum complement [222].

 5. The close linkage between the 21-hydroxylase genes and 
HLA alleles has allowed the study of 21-hydroxylase 
inheritance patterns in families through blood HLA typ-
ing (e.g., linkage of HLA-B14 was found in Ashkenazi 
Jews, Hispanics, and Italians) [223].

Prenatal Diagnosis and Treatment

Women with congenital and nonclassic forms of the disorder 
are at a significant risk for having affected infants, owing to 
the high frequency of mutations in 21-hydroxylase mutations 
in the general population. This fact comprises an important 
rationale for screening hyperandrogenic women for this dis-
order in the event they anticipate childbearing. In families at 
risk for CAH, and in instances where one partner expresses 
the congenital or adult onset form of the disease, first-trimester 
prenatal screening using chorionic villus sampling is advo-
cated [222]. Currently, the fetal DNA is used for specific 
amplification of the CYP21 gene using polymerase chain 
reaction (PCR) amplification [224]. When there is evidence 
for fetal involvement, an aggressive and still controversial 
approach involves the use of dexamethasone treatment for all 
pregnant women at risk of having a child with CAH. The 
dosage of 20 mg/kg in three divided doses is administered as 
soon as pregnancy is recognized and no later than 9 weeks of 

gestation. This is done prior to performing chorionic villus 
sampling or amniocentesis in the second trimester. Dexa-
methasone crosses the placenta and suppresses ACTH in the 
fetus. If the fetus is determined to be an unaffected female or 
a male, treatment is discontinued. If the fetus is an affected 
female, dexamethasone therapy is continued. When dexam-
ethasone is administered before 9 weeks of gestation and is 
continued to term, it effectively reduces genital ambiguity in 
genetic females [222]. However, at least two-thirds of treated 
females may still require surgical repair of the genitalia. 
Although prenatal treatment reduces virilization in females, 
the efficacy and safety to both mother and baby have not 
been verified. The unnecessary treatment in seven out of every 
eight pregnancies poses a serious ethical dilemma [225].

11.11.2.3  11b-Hydroxylase Deficiency

In a small percentage of patients with CAH, hypertension 
rather than mineralocorticoid deficiency develops. The 
hypertension responds to corticosteroid replacement [226]. 
Most of these patients have a deficiency in 11b-hydroxylase. 
In most populations, 11b-hydroxylase deficiency accounts 
for 5–8% of the cases of CAH, or 1 in 100,000 births [227]. 
A much higher incidence, 1 in 5,000 to 7,000, has been 
described in Moroccan Jewish immigrants [228].

Two 11b-hydroxylase isoenzymes are responsible for 
cortisol and aldosterone synthesis, respectively, CYP11-B1 
and CYP11-B2. They are encoded by two genes on the middle 
of the long arm of chromosome 8 [229, 230].

Inability to synthesize a fully functional 11b-hydroxylase 
enzyme causes a decrease in cortisol production, a compen-
satory increase in ACTH secretion, and increased production 
of androstenedione, 11-deoxycortisol, 11-deoxycorticoster-
one, and DHEA. The diagnosis of 11b-hydroxylase-deficient 
late-onset adrenal hyperplasia is determined when 11-deoxy-
cortisol levels are higher than 25 ng/mL 60 min after ACTH 
1–24 stimulation [231].

Patients with 11b-hydroxylase deficiency may present 
with either a classic pattern of the disorder or symptoms of a 
mild deficiency. The severe, classic form is found in about 
two-thirds of the patients with mild-to-moderate hyperten-
sion during the first years of life. In about one-third of the 
patients, it is associated with left ventricular hypertrophy, 
with or without retinopathy, and death is occasionally reported 
from cerebrovascular accident [226]. Signs of androgen 
excess are common in the severe form and are similar to those 
seen in the 21-hydroxylase deficiency.

In the mild, nonclassic form, children are found to have 
virilization or precocious puberty but not hypertension. Adult 
women will seek treatment for postpubertal onset of hirsutism, 
acne, and amenorrhea. This enzyme mutation and others are 
reviewed in Table 11.13.
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11.11.2.4  3b-Hydroxysteroid Dehydrogenase 
Deficiency

Deficiency of 3b-hydroxysteroid dehydrogenase occurs 
with varying frequency in hirsute patients [232, 233]. The 
enzyme is found in both the adrenal glands and ovaries 
(unlike 21- and 11-hydroxylase) and is responsible for trans-
forming D-5 steroids into the corresponding D-4 compounds, 
a step integral to the synthesis of glucocorticoids, mineralo-
corticoids, as well as testosterone and estradiol. In severe 
forms, cortisol and mineralocorticoids are deficient. In mild 
forms, elevated ACTH levels overcome these critical defi-
ciencies, and the diagnosis of this disorder relies on the rela-
tionship of D-5 and D-4 steroids. A marked elevation of 
DHEA and DHEAS in the presence of normal or mildly 
elevated testosterone or androstenedione may be a signal to 
initiate a screening protocol for 3b-hydroxysteroid dehydro-
genase deficiency using exogenous ACTH stimulation 
[232]. Following intravenous administration of a 0.25-mg 
ACTH 1–24 bolus, 17-hydroxypregnenolone levels rise sig-
nificantly within 60 min in women with 3b-hydroxysteroid 
dehydrogenase deficiency compared with normal women 
(2,276 ng/dL compared with normal of 1,050 ng/dL). The 
mean poststimulation ratio between 17-hydroxypreg-
nenolone and 17-OHP is markedly elevated (mean ratio of 
11 compared with 3.4 in normal controls and 0.4 in 
21-hydroxylase deficiency). Because of the rarity of this 
disorder, routine screening of hyperandrogenic patients is 
not justified [232, 233]. This enzyme mutation and others 
are reviewed in Table 11.13.

11.12  Androgen-Secreting Ovarian  
and Adrenal Tumors

Patients with severe hirsutism, virilization, or recent and 
rapidly progressing signs of androgen excess require careful 
investigation for the presence of an androgen-secreting neo-
plasm. In prepubertal girls, virilizing tumors may cause 
signs of heterosexual precocious puberty in addition to 
hirsutism, acne, and virilization. All patients with rapidly 

progressing or severe hyperandrogenism should undergo 
determination of levels of testosterone and DHEAS. A mark-
edly elevated total testosterone level (2.5 times the upper 
normal range or over 200 ng/dL) is typical of an ovarian 
androgen-secreting tumor, and a DHEAS level greater than 
800 mg/dL is typical of an adrenal tumor. An adrenal tumor is 
unlikely when serum DHEAS and urinary 17-ketosteroid 
excretion measurements are in the normal basal range, and the 
serum cortisol concentration is less than 3.3 mg/dL after dex-
amethasone administration [234]. The results of other dynamic 
tests, especially testosterone suppression and stimulation, are 
unreliable [235].

A vaginal and abdominal ultrasonographic examination 
is the first step in the evaluation of findings suggesting ovar-
ian neoplasm. Duplex Doppler scanning may increase the 
accuracy of tumor diagnosis and localization [236]. CT 
scanning can reveal tumors larger than 10 mm (1 cm) in the 
adrenal gland but may not help to distinguish among differ-
ent types of solid tumors, or benign incidental nodules [237]. 
In the ovaries, CT scanning cannot help differentiate hor-
monally active from functional tumors [236, 237]. MRI is 
comparable, if not superior, to CT scanning in detecting 
ovarian neoplasms, but is not more sensitive than high qual-
ity ultrasound, nor more useful in clinical decision making 
when ultrasound identifies likely neoplasm. Nuclear medi-
cine imaging of the abdomen and pelvis after injection with 
NP-59 ((131-iodine) 6-beta-iodomethyl-19-norcholesterol), 
preceded by adrenal and thyroid suppression, may facilitate 
tumor localization [232]. In the rare circumstances when 
imaging fails to provide clear evidence for a neoplastic 
source of excess androgens, selective venous catheterization 
with measurement of site-specific androgen levels to iden-
tify an occult source of androgen excess may be utilized 
[238]. If all four vessels are catheterized transfemorally, 
selective venous catheterization allows direct localization of 
the tumor. Samples are obtained for hormonal analysis, with 
positive localization defined as a 5:1 testosterone gradient 
compared with lower vena cava values [239]. Under such 
circumstances, specificity approaches 80%, but this rate 
should be weighed against the 5% rate of significant compli-
cations such as adrenal hemorrhage and infarction, venous 
thrombosis, hematoma, and radiation exposure [240].

Table 11.13 Congenital adrenal hyperplasia due to enzyme mutations other than 21-hydroxylase

Deficiency Incidence Comments

11 beta-hydroxylase CYP11B1 ~1 in 100,000 livebirths Females are virilized; salt-wasting is rare
17 alpha-hydroxylase CYP17 Rare Males are virilized; females fail to achieve puberty. Salt-wasting not observed
3 beta-hydroxysteroid  

dehydrogenase (3 beta-HSD)
Rare Males are virilized; female virilization is mild. Salt-wasting may be seen

Aldosterone synthase CYP11B2 Rare Cortisol concentrations normal and virilization not seen. Salt-wasting occurs
StAR Rare Males are virilized; females fail to achieve puberty. Salt-wasting occurs
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11.12.1  Androgen-Producing Ovarian 
Neoplasms

Ovarian neoplasms are the most frequent androgen-producing 
tumors. Granulosa cell tumors constitute 1–2% of all ovar-
ian tumors and occur most commonly in adult postmeno-
pausal women. Usually granulose cell tumors are associated 
with estrogen production, and are the most common func-
tioning tumors in children, and lead to isosexual precocious 
puberty [241]. Total abdominal hysterectomy and bilateral 
salpingo-oophorectomy are the treatments of choice. If fer-
tility is desired, in the absence of contralateral ovarian or 
pelvic node involvement, a unilateral salpingo-oophorec-
tomy is a consideration. The malignant potential of these 
lesions is variable. The 10-year survival rates vary from 60 
to 90%, depending on the stage, tumor size, and histologic 
atypia [241].

Thecomas are rare and occur most often in older patients. 
In one study, only 11% were androgenic, even in the pres-
ence of steroidogenic cells (luteinized thecomas) [241]. The 
tumor is rarely malignant and rarely bilateral. A unilateral 
oophorectomy is adequate treatment.

Sclerosing stromal tumors are benign neoplasms found in 
patients younger than 30 years [241]. A few cases with estro-
genic or androgenic manifestations have been reported.

Sertoli-Leydig cell tumors, previously classified as andro-
blastoma or arrhenoblastoma, comprise 11% of solid ovarian 
tumors. They contain various proportions of Sertoli cells, 
Leydig cells, and fibroblasts [241]. Sertoli-Leydig cell 
tumors are the most common virilizing tumors in women of 
reproductive age; however, only one-third of patients are 
masculinized. Bilateral tumors are found in 1.5%. In 80% of 
cases, it is diagnosed at stage IA [241]. A unilateral salpingo-
oophorectomy is appropriate in patients with stage IA dis-
ease who desire to maintain fertility. Total abdominal 
hysterectomy, bilateral salpingo-oophorectomy, and adju-
vant therapy, are recommended for postmenopausal women 
with advanced-stage disease. Pure Sertoli cell tumors are 
usually unilateral. For a premenopausal woman with stage I 
disease, a unilateral salpingo-oophorectomy is the treatment 
of choice. Malignant tumors are rapidly fatal [242].

Gynandroblastomas are benign tumors with well-differen-
tiated ovarian and testicular elements. A unilateral oophorec-
tomy or salpingo-oophorectomy is sufficient treatment. Sex 
cord tumors with annular tubules (SCTAT) are frequently 
associated with Peutz-Jeghers syndrome (gastrointestinal 
polyposis and mucocutaneous melanin pigmentation) [243]. 
Morphologic features include characteristics of both the gran-
ulosa cell and Sertoli cell tumors.

SCTAT with Peutz-Jeghers syndrome tends to be bilateral 
and benign. SCTAT without Peutz-Jeghers syndrome is almost 
always unilateral, and is malignant 20% of the time [241].

11.12.2  Steroid Cell Tumors

According to Young and Scully, steroid cell tumors are 
steroid-secreting cells subclassified as: stromal luteoma; 
Leydig cell tumors (hilar and nonhilar); and steroid cell 
tumors that are not otherwise specified [241]. Virilization or 
hirsutism is found in 75% of Leydig cell tumors, 50% of 
steroid cell tumors that are not otherwise specified, and in 
12% of stromal luteomas.

11.12.3  Nonfunctioning Ovarian Tumors

Ovarian neoplasms not directly secreting androgens are 
occasionally associated with androgen excess. This is caused 
by excess secretion from adjacent ovarian stroma. Potential 
androgen secreting tumors include serous and mucinous cys-
tadenomas, Brenner tumors, Krukenberg tumors, benign 
cystic teratomas, and dysgerminomas [244]. Gonadoblastomas 
associated with the dysgenetic gonads of patients with a Y 
chromosome are rarely associated with androgen and estrogen 
secretion [245, 246].

11.12.4  Stromal Hyperplasia and Stromal 
Hyperthecosis

Stromal hyperplasia is a nonneoplastic proliferation of ovar-
ian stromal cells. Stromal hyperthecosis is defined as the 
presence of luteinized stromal cells at a distance from the fol-
licles [247]. Stromal hyperplasia is usually seen in patients 
between 60 and 80 years of age. It may be associated with 
hyperandrogenism, endometrial carcinoma, obesity, hyper-
tension, and glucose intolerance [247]. Hyperthecosis also is 
seen in a mild form in older patients. In patients of reproduc-
tive age, hyperthecosis may manifest with virilization, obe-
sity, and hypertension. Hyperinsulinemia and glucose 
intolerance may occur in up to 90% of patients with hyperth-
ecosis and may contribute to the etiology of stromal luteiniza-
tion and hyperandrogenism [89]. Hyperthecosis is found in 
many patients with hyperandrogenemia, insulin resistance, 
and acanthosis nigricans (HAIR-AN syndrome). In patients 
with hyperthecosis, levels of ovarian androgens, including 
testosterone, DHT, and androstenedione are increased, usu-
ally in the male range. The predominant estrogen, as in PCOS, 
is estrone, which is derived from peripheral aromatization. 
The E

1
-to-E

2
 ratio is increased. Unlike in PCOS, gonadotro-

pin levels are normal [248]. Wedge resection for the treatment 
of mild hyperthecosis has been successful and has resulted 
in resumption of ovulation and even in a pregnancy [249]. 



174 C.J. Wheeler et al.

In more severe hyperthecosis with high total testosterone 
levels, the ovulatory response to wedge resection is transient 
[248]. In a study in which bilateral oophorectomy was used to 
control severe virilization, hypertension and glucose intoler-
ance sometimes disappeared [250]. GnRH agonist treatment 
for severe hyperthecosis results in decreased ovarian androgen 
production [251].

11.13  Virilization During Pregnancy

Luteomas of pregnancy are often found in cases maternal and 
fetal masculinization. This entity is not a true neoplasm, but a 
reversible hyperplasia that usually regresses postpartum. The 
literature suggests a 30% incidence of maternal virilization and 
a 65% incidence of virilized female newborns in the presence 
of a pregnancy luteoma and maternal masculinization [252].

Other tumors causing virilization in pregnancy include (in 
descending order of frequency) Krukenberg tumors, muci-
nous cystic tumors, Brenner tumors, serous cystadenomas, 
endodermal sinus tumors, and dermoid cysts [241].

11.14  Virilizing Adrenal Neoplasms

The most common virilizing adrenal neoplasms are adrenal 
carcinomas. When these malignancies virilize, they are 
invariably associated with elevations in DHEAS and hyper-
cortisolism. These tumors are usually large, and can often be 
detected on abdominal examination. The adrenals are also the 
site for testosterone secreting adenomas. A high testosterone 
level (in the tumor range), accompanied by normal or only 
moderately elevated DHEAS levels, should still prompt the 
physician to evaluate the adrenal gland and not the ovary.

The majority of adenomas are benign. The literature 
reveals that the peak age for the diagnosis of adenomas is 
20–40 years, but the majority of the pure testosterone-pro-
ducing adenomas occur in menopausal women. Adenomas 
were almost exclusively unilateral. Fifty percent were pal-
pable abdominally in children, but none were palpable in 
adults [253].

11.15  Evidence-Based Guidelines in PCOS

The diagnosis of PCOS is based on:

NIH Criteria – both required ·
– Chronic anovulation
– Clinical or biochemical signs of hyperandrogenism; or

Rotterdam Criteria – two of three required ·
– Oligo and/or anovulation
– Clinical or biochemical signs of hyperandrogenism
– Polycystic ovaries

All women with PCOS should be screened for glucose intol-
erance with a 2-h glucose level after a 75 g fasting glucose 
challenge. Furthermore, screening for dyslipidemia should be 
performed with a total cholesterol, LDL, HDL and triglyceride 
determination. Additional evaluations, based on clinical find-
ings, may include a:

TSH to detect thyroid hypofunction, which can be associ- ·
ated with hyperandrogenism
Prolactin level to detect hyperprolactinemia that can be  ·
found in hyperandrogenemia
Total testosterone, if there are concerns on the clinical  ·
exam (virilization) that suggest an ovarian or adrenal tes-
tosterone secreting tumor
Fasting 17-OHP to screen for 21-hydroxylase deficiency ·
24 h urinary cortisol to screen for Cushing’s syndrome ·

Table 11.14 details other conditions that can mimic PCOS 
as well as their incidence and workup.

Those who have three criteria qualify for the diagnosis of 
the metabolic syndrome and should be advised of their increased 
risk for diabetes, cardiovascular disease, and stroke.

Metabolic Syndrome Diagnostic Criteria
Female waist > 35 in.
Triglycerides > 150 mg/dL
HDL Chol < 50 mg/dL
BP > 130/85 mmHg
Fasting Glucose: 110–125 mg/dL
2 h pp Glucose (75 gm): 140–199 mg/dL

The Metabolic Syndrome (MBS) has a twofold higher preva-
lence in PCOS compared to age-matched women in the gen-
eral population. Obesity is found in 50% of patients with 
PCOS (BMI > 30 kg/m2). Centripedal (android) obesity, with a 
higher waist-to-hip ratio, is associated with insulin resistance, 
and suggests an increased risk of diabetes mellitus and cardio-
vascular disease. Weight loss should be emphasized as the pri-
mary treatment option in PCOS and in some cases insulin 
sensitizers may be indicated. Regular exercise (aerobic and 
resistance training) is a critical aspect of long term mainte-
nance. A rule of thumb is that to maintain or lose weight, 30 
and 60 min of exercise/day, respectively, is required. Hirsutism 
is found in approximately 70% of PCOS patients in the United 
States. Combination OCs suppress adrenal and ovarian andro-
gen production and reduce hair growth in nearly two-thirds of 
hirsute patients. A number of other therapies may be indicated 
based on clinical findings and patient wishes.

Clomiphene citrate is the first choice for ovulation induc-
tion in PCOS patients seeking pregnancy. Weight loss and 
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insulin sensitizer therapy in PCOS patients and particularly 
in those with the metabolic syndrome may reduce cardiovas-
cular risk. When gonadotropins are used to induce ovulation 
in PCOS, low dose protocols reduce the risk of ovarian 
hyperstimulation. When undergoing IVF the addition of 
metformin reduces the risk of ovarian hyperstimulation. In 
chronic anovulatory patients with PCOS, persistent estrogen 
stimulation, unopposed by progesterone, increases the risk 
of endometrial carcinoma. The majority of these endometrial 
cancers are well-differentiated, stage I lesions with a cure 
rate of more than 90%. Endometrial biopsy should be con-
sidered in all PCOS patients. Preventing endometrial cancer 
is a primary management goal for patients with PCOS. If 
individualized management does not induce regular ovula-
tion (e.g., clomiphene) or introduce continuous progestation 
influence (e.g., oral contraceptives or progestin-containing 

intrauterine device), regular secrectory transformation should 
be induced with periodic administration of a progestational 
agent. Additionally, a hyperestrogenic state in PCOS is asso-
ciated with an increased risk of breast cancer as well as a two 
to threefold increase in ovarian cancer. The incidence of 
insulin resistance in PCOS women is 25–70%. A recent 
meta-analysis regarding pregnancy outcomes in PCOS 
patients showed a nearly a threefold higher rate of gestational 
diabetes mellitus among women with PCOS (OR, 2.94; 95% 
CI, 1.72–5.08). While some consider this increased risk to be 
associated with a higher level of obesity in PCOS women, a 
number of other studies confirm PCOS itself is associated 
with an increased risk of developing gestational diabetes. 
When considering pregnancy complications and neonatal 
outcomes, a recent meta-analysis of eight studies demon-
strates a significantly higher risk of pregnancy-induced 

Table 11.14 Conditions that can mimic PCOS

Diagnosis Clinical findings Evaluations Incidence

PCOS ± irregular menses, hirsutism, obesity, 
infertility, diabetes, hypertension, 
family history of PCOS

2 h glucose after a 75 g (fasting) load, 
lipid profile, blood pressure, 
abdominal girth, BMI

82%

Hyperandrogenism, Hirsutism, Normal 
cycles

Regular menses, acne, hirsutism  
without detectable endocrine cause

Elevated androgen levels and normal 
serum progesterone in luteal phase

6.8%

Idiopathic Hirsutism Regular menses, hirsutism, Normal total testosterone, possible 
bioavailable testosterone 
abnormalities

4.7%

Hyperandrogenism,insulin-resistance  
and acanthosis nigricans 
(HAIR-AN)

Brown velvety patches of skin  
(acanthosis nigricans), obesity, 
hypertension, hyperlipidemia,  
family history of diabetes

Fasting glucose and 2 h glucose after 
75 gm load, lipid profile, fasting 
insulin level not necessary with 
AN

3.1%

21-hydroxylase non-classic adrenal 
hyperplasia (late-onset CAH)

Significant hirsutism or virilization, 
strong family history of CAH, short 
stature, signs of defeminization,  
more common in Ashkenazi Jews and 
Eastern European decent

17-OHP levels after ACTH stimula-
tion in adult-onset adrenal 
hyperplasia are generally 
>1,000 ng/dL,CYP21 genotyping 
before childbearing

1.6%

21-hydroxylase-deficient congenital 
adrenal hyperplasia (Classic and 
Simple-virilizing)

Hypovolemic salt-wasting crisis, 
hyponatremia, hyperkalemia, and 
acidosis

Classic CAH is usually diagnosed earlier 
in affected female newborns than in 
males due to genital virilization

Simple virilizing CAH is usually 
diagnosed as a virilized newborn 
female or as a rapidly masculinizing 
boys 3–7 years of age

Basal 17-OHP >500 ng/dL estab-
lishes the diagnosis; there is no 
need for further testing

0.7%

Hypothyroidism Fatigue, weight gain, constipation, 
history of thyroid ablation and 
untreated hypothyroidism, 
amenorrhea

TSH, anti TPO, anti thyroglobulin 
antibodies if TSH elevated

0.7%

Hyperprolactinemia Amenorrhea, galactorrhea, infertility Prolactin, drug history, MRI as 
necessary

0.3%

Androgenic secreting neoplasm Rapid-onset hirsutism or virilization, 
over age 30 with onset of symptoms, 
pelvic masses

Pelvic imaging: ultrasound or 
abdomen/pelvic CT scan

0.2%

Cushing’s syndrome Proximal muscle weakness, hypertension, 
buffalo hump, purple striae, truncal 
obesity

Elevated blood pressure, positive 24 h 
urinary free cortisol and dexam-
ethasone suppression test

0%

Source: Azziz et al. (2004) J Clin Endocrinol Metab; and Azziz (2003) Obstet Gynecol
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hypertension in PCOS women (OR, 3.67; 95% CI, 1.98–6.81) 
and a higher risk of preterm delivery (OR, 1.75; 95% CI, 
1.16–2.62). Because pregnancy complications are increased 
in PCOS women (preeclampsia, preterm birth, gestational), 
studies also document a higher rate of admission to newborn 
ICUs in babies born of PCOS mothers compared to controls 
(OR, 2.31; 95% CI, 1.25–4.26). Despite the prenatal and 
neonatal concerns, there does not appear to be any increased 
risk of neonatal malformations in infants born to women 
with PCOS. In women with PCOS, the rate of early preg-
nancy loss has been reported to be as high as 40%. Studies of 
control populations suggest an early pregnancy loss rate of 
14.3% in normal fertile women, and 23% in pregnancies that 
have been preceded by subfertility. The early pregnancy loss 
rate in women with PCOS has been attributed to elevated LH 
concentrations, higher androgen levels, insulin resistance, 
and obesity. A recent meta-analysis of 13 studies demon-
strated a significant difference in miscarriage rate in obese 
women compared to nonobese PCOS women (OR, 3.05; 
95% CI, 1.45–6.44). Regular follow-up with PCOS patients 
is warranted in order to intervene and have an impact on long 
term health.
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Abstract Metformin has been used extensively in multiple 
reproductive settings to ameliorate hyperandrogenism and 
chronic anovulation, to treat infertility, to prevent miscar-
riage and to prevent later pregnancy complications as well. 
Metformin does result in modest improvements in the PCOS 
phenotype with reductions in circulating insulin and testos-
terone levels, weight loss, and improved menstrual/ovula-
tory frequency. It is relatively ineffective as a solo agent 
to treat infertility, and further has a relative anti-fecundity 
compared to clomiphene alone. Clomiphene remains the 
first choice for infertility therapy and the gold standard for 
women with PCOS. Metformin may be useful in preventing 
OHSS when used in conjunction with gonadotropins. The 
use of metformin to prevent pregnancy loss or to prevent 
pregnancy complications is still experimental and better tri-
als are needed to guide therapy.

Keywords Metformin • PCOS • Diabetes • Ovulation induc-
tion • Clomiphene citrate

12.1  Metformin Pharmacology

Metformin was approved for the treatment of type 2 diabetes 
by the FDA in 1994, but was used clinically for close to 20 
years before that in other parts of the world, such that this 
represents one of the most widely used drugs worldwide. 
Metformin is a biguanide that works primarily by suppress-
ing hepatic gluconeogenesis, but it also improves insulin 
sensitivity in the periphery (estimated to be ~20% of its treat-
ment benefit in type 2 diabetes). It is not protein bound in the 
circulation, and is excreted unmetabolized in the urine. 
Gastrointestinal symptoms (diarrhea, nausea, vomiting, 
abdominal bloating, flatulence, and anorexia) are the most 
common reactions to metformin, and approximately 30% 

more frequent in women with metformin compared to placebo 
treated patients. For this reason, the dose is often escalated in 
a stepwise fashion to increase patient tolerance. An extended 
release version is available with a GI side effect profile iden-
tical to placebo with equal efficacy [1].

There is a small risk of lactic acidosis, among women tak-
ing this medication, which may be triggered by exposure to 
intravenous iodinated radiocontrast agents in susceptible 
individuals. This most commonly occurs in patients with 
poorly controlled diabetes and impaired renal function. 
Metformin is pregnancy category B with no known human 
teratogenic risk or no known embryonic lethality in humans. 
There have been no reported abnormalities associated with 
its use during pregnancy in women with diabetes, or to the 
small number of PCOS women who have conceived during 
treatment. The dose for reproductive medicine indications 
tends to be empiric as no adequately powered and designed 
dose ranging studies have been performed for these indica-
tions. The dose tends to range from 1,500 to 2,550 mg a day. 
None of the indications for metformin discussed in this chap-
ter have received FDA approval.

12.2  Metformin and Effects on the PCOS 
Phenotype

Metformin has been associated with weight loss in women 
with PCOS in multiple trials, though metformin has failed in 
obesity trials and has no specific indication for obesity per se 
[2]. However, the consistent findings in many of the larger tri-
als of metformin suggest that perhaps an insulin resistant or 
glucose intolerant population is more likely to respond with 
weight loss. The best example of this is the Diabetes Prevention 
Program where subjects who participated in the metformin 
only group experienced and maintained a significant weight 
loss from baseline over the course of the trial [3]. Similarly, in 
the largest multicenter trial conducted to date in women with 
polycystic ovary syndrome, the Pregnancy in Polycystic Ovary 
Syndrome Study (PPCOS), metformin was associated with a 
significant weight loss over the course of the trial, and in 
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combination with clomiphene, a significant decrease in the 
waist hip ratio, a marker of centripetal obesity [4].

Metformin has also consistently been associated with a 
decrease in circulating testosterone levels. Further, some 
studies have shown increases in circulating sex hormone 
binding globulin (SHBG), which favors androgens as a sub-
strate, and this increase is thought to ameliorate the periph-
eral potency of excess androgen. However, the findings on 
this are mixed and in the PPCOS trial, only a decrease in 
total testosterone was noted with a negligible effect on SHBG 
(Fig. 12.1). Longer term effects on hyperandrogenism, such 
as hirsutism and acne and androgenic alopecia, are not sup-
ported by the literature, primarily because there are no studies 
of adequate size and duration to document such effects, and 
the use of metformin for these indications remains empiric.

Metformin has been associated with improvements in 
insulin and glucose levels in most trials of women with PCOS. 
Also, the Diabetes Prevention Program showed a significant 
reduction in the conversion to type 2 diabetes among men and 
women with impaired glucose tolerance [3]. Studies of glu-
cose tolerance in American women with PCOS have shown 
that 35–45% have impaired glucose tolerance (³140–199 mg/
dL) or type 2 diabetes (³200 mg/dL) by the 2 h level [5, 6].

12.3  Metformin and Ovulation Induction

In randomized controlled studies, metformin has been found 
to increase ovulation rates compared to placebo in women 
with PCOS. It has been estimated by one study to increase 
this about one third above the baseline ovulatory rate (most 
women with PCOS are oligomenorrheic and not completely 

amenorrheic) [7]. Additionally, it appears also to be a useful 
adjuvant agent increasing the ovulatory rate when used in 
conjunction with clomiphene citrate beyond that with either 
metformin or clomiphene used as single agents [8]. This 
finding has not been consistently replicated in all multicenter 
trials with these drugs, and it appears that obese women 
(Body mass Index (BMI ³ 30) are more likely to benefit from 
combined therapy than normal or overweight women 
(BMI < 30) [4]. Inducing ovulation has most commonly been 
performed in the context of infertility treatment discussed 
below, but there are obvious benefits to improve ovulatory 
frequency in women not seeking pregnancy, such as to pre-
vent dysfunctional bleeding and endometrial hyperplasia.

12.4  Metformin and Infertility

The best level evidence for the effects of metformin are found 
in recent trials that have looked at the use of metformin to 
treat infertility. The four trials summarized in Table 12.1 are 
all randomized double blind multicenter trials that used met-
formin and clomiphene or the combination for the treatment 
of infertility in women with PCOS. All trials studied partici-
pants up to six cycles, there were no adjuvant medications 
such as hCG to trigger ovulation, and conception was by 
timed intercourse without inseminations. Two of the trials 
were conducted by the same group in Italy and their results 
are disparate from the multicenter Dutch and American tri-
als. Each trial had a unique design and endpoint.

Only one trial [4] was designed and powered to detect a 
difference in live birth rates between the treatment groups 
[9]. This and the other large Dutch trial [10], both found no 
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Fig. 12.1 Effect of treatment (metformin = met, cc = clomiphene, combined = metformin and clomiphene) on circulating total testosterone (T) and 
sex hormone binding globulin (SHBG) from baseline to end of study or last monthly visit before pregnancy in the PPCOS trial. *P < 0.05 compared 
to baseline (Adapted from [4])
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benefit on the combination of metformin and clomiphene on 
live birth. The trials most at odds with one another, are the 
trials of Palomba et al. [11, 12], which found that metformin 
was significantly better or equal to clomiphene in achieving 
live birth and the PPCOS trial [4] which found the opposite.

12.4.1  Metformin vs. Clomiphene

Potential differences for the discrepant results include popu-
lation differences, including genetic and environmental dif-
ferences, selection criteria for the trial, and possible bias in 

the study design. The populations varied in terms of obesity. 
The Dutch and Palomba trials excluded women with PCOS 
with a BMI >30, whereas the PPCOS trial included them. 
One of the key findings of this trial is the role of BMI in 
predicting treatment success [4] (Fig. 12.2). Increasing obe-
sity is clearly associated with decreasing success. However, 
when the primary outcome, live birth, is divided by BMI 
group and the highest BMI group is compared to the lowest 
BMI group (Table 12.2), it is obvious that the trend of each 
medication found in the overall study group holds regard-
less of weight category. The combined treatment group is 
still better than single agent therapy, and clomiphene is sig-
nificantly better than metformin (Table 12.2). This is a post 

Table 12.1 Summary of large randomized, blinded trials that have reported pregnancy and or live birth results

Study N Treatments Cumulative 6 mos pregnancy rates Conclusion

Palumba et al. 2005 [11] 100 Metformin/placebo vs. 
clomiphene/placebo

Live birth
Metformin: 52%
Clomiphene 18%

Metformin superior to clomiphene

Moll et al. 2006 [10] 225 Clomiphene/placebo vs. 
clomiphene/metformin

Ongoing pregnancy
Clomiphene: 46%
Metformin + Clomiphene: 40%

No benefit of combined therapy with 
metformin/clomiphene

Legro et al. 2007 [4] 626 Clomiphene/placebo vs. 
metformin/placebo vs. 
clomiphene/metformin

Live birth
Metformin: 7%
Clomiphene: 23%
Metformin + Clomiphene: 28%

Clomiphene superior to metformin
No benefit of combined therapy with 

metformin/clomiphene

Palomba et al. 2007 [12]  80 Metformin/placebo vs. 
clomiphene/placebo

Cumulative pregnancy rate
Metformin 63%
Clomiphene 49%

No benefit of metformin over 
clomiphene

P-value: <0.001

BMI less than 30
BMI 30-34
BMI 35 and up
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Fig. 12.2 Kaplan Meier Curve of live births by BMI group independent of treatment in the PPCOS trial (Adapted from [4])
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Table 12.2 Results of the Legro et al. PPCOS trial stratified by BMI group, lowest BMI group (<30) compared to the largest group (BMI ³ 35) 
(Adapted from [4])

BMI < 30, N = 179 BMI ³ 35, N = 311

Clomiphene n = 57 MET n = 57 COMB n = 65 Clomiphene n = 110 MET n = 105 COMB n = 96
Ovulation 272/538 (50.6%) 151/554 (27.3%) 334/559 (59.7%) 190/404 (47.0%) 145/465 (31.2%) 248/405 (61.2%)
Live births 21/57 (36.8%) 5/57 (8.8%) 24/65 (36.9%) 18/110 (16.4%) 4/105 (3.8%) 22/96 (22.9%)
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Fig. 12.3 Live birth per ovulation (as a fraction) in PPCOS trial by 
monthly visit. There was a significant time trend (towards improve-
ment) in the combined arm, with constant rates noted with clomiphene 
and metformin alone (Adapted from [4])

hoc analysis and subject to the error that multiple looks at 
the same data set can yield, however, the size of the normal 
and overweight BMI group in the PPCOS trial (N = 179) is 
still substantially larger than the trial of Palomba et al. 
(N = 100) [11]. Perhaps, the most relevant clinical implica-
tion is that there was a trend towards increased live birth 
with metformin and clomiphene in combination compared 
to clomiphene in the most obese subgroup, suggesting the 
combination may be the better choice for women with PCOS 
and BMI >35.

One marked discrepancy between the two trials is the dif-
ferent time-related trend in fecundity over the course of the 
trial. In the trial of Palomba et al. [11, 12] the per cycle 
fecundity (i.e., pregnancy/ovulation) started out at close to 
15–20% for both metformin and clomiphene (i.e., consistent 
with normal fecundity in a fertile population) but then 
diverged over time with metformin approaching a per cycle 
of fecundity of 40% or greater by the end of the trial, whereas 
clomiphene declined dismally to 0%. In the follow-up, 
smaller clinical trial (N = 80 subjects) by the same group that 
looked at of metformin vs. clomiphene as first line therapy 
for infertility in women with PCOS, the investigators found 
no significant difference between the medications in ongoing 
pregnancy rates (63% with metformin vs. 49% with clomi-
phene) [11]. In contrast, the fecundity for both clomiphene 
and metformin were constant in the PPCOS trial over each 
cycle with no time-related increase or decrease in rates 
(Fig. 12.3).

What did emerge from the PPCOS trial that is relevant 
both to clinical practice and to the FDA approval of ovulation 

inducing agents, is that the fecundity per ovulation was 
twice as good for clomiphene than metformin on a cycle 
basis (10.2% vs. 5.1%) and even better on a per ovulated 
patient basis (29.9% vs. 13.0%). This may have been due to 
the presumed multiple follicular recruitment of clomiphene 
over metformin (ultrasonography was not part of the 
PPCOS study), or by the improved reduction in hyperan-
drogenism (on the basis of reduction in the free androgen 
index with clomiphene compared to metformin). Some 
have argued that meformin’s benefit requires a longer 
period of exposure prior to ovulation, and while no time 
effect was noted in the metformin only arm, a time-related 
improvement in pregnancy rates was noted in the combina-
tion arm of metformin and clomiphene in the PPCOS trial. 
However, these results are relevant to any ovulation induc-
tion agent and suggest that looking at ovulation rates alone 
does not answer the critical question whether that ovulation 
led to a pregnancy.

12.4.2  Combination Therapy vs. Single Agent 
Therapy

The PPCOS trial was the only one to compare the combina-
tion of metformin and clomiphene to metformin alone and 
the combination was markedly more effective in achieving 
live birth. Both trials of Moll et al. [10] and the PPCOS, 
showed no benefit of combination therapy over clomiphene 
alone. Pregnancy rates were better in the Moll et al.trial 
probably because this trial also excluded obese subjects 
(BMI > 30 kg/m). This difference in selection criteria also 
may explain the discrepancy in ovulation rates between the 
two trials. The combination of metformin and clomiphene 
had a significantly improved effect on the ovulation rate 
compared to clomiphene alone in the PPCOS trial (due to 
the presumed benefit of combination treatment in the more 
obese U.S. population), with no benefit detected in the trial 
of Moll et al. The women in the PPCOS trial were probably 
also more severely affected based on their relatively long 
mean period of infertility prior to participation in the trial 
(almost 3.5 years), and this too was likely a poor prognostic 
marker.
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12.4.3  Metformin and Gonadotropins  
and Laparoscopic Ovarian Diathermy

Metformin has been used in conjunction with gonadotropins 
both for ovulation induction and in an IVF setting, and also 
as an adjunct to women who have undergone laparoscopic 
ovarian drilling. A recent systematic review examined the 
utility of metformin in this setting and concluded that there 
is no evidence for a positive effect of metformin on live birth 
when added to laparoscopic ovarian drilling (RR 1.3; 95% 
CI 0.39–4.0) or FSH (RR 1.6; 95% CI 0.95–2.9), or when 
coadministered in IVF (RR 1.5; 95% CI 0.92–2.5). In IVF, 
metformin led to fewer cases of ovarian hyperstimulation 
syndrome (OHSS) (RR 0.33; 95% CI 0.13–0.80) [13]. This 
latter finding, to a large extent, is based on a single well-
designed, but underpowered clinical trial [14], and further, 
such trials are needed to establish the role of metformin in 
preventing OHSS.

12.5  Metformin and Multiple Pregnancy

Metformin has been recommended for use in infertility treat-
ment partly because it is thought to be associated with mono-
follicular ovulation and lower multiple pregnancy rates. 
None of the trials was adequately powered to detect differ-
ences in multiple pregnancy rates. The multiple pregnancy 
rate in the clomiphene-only group was 6.4% (N = 3, 1 triplet), 
0% in the metformin-only group, and 3.3% in the combina-
tion therapy group (N = 2) [4]. This number (~5%) is at or 
below what has been reported from large series of women 
conceiving on clomiphene citrate [15] and well below the 
expectations of many of an enhanced multiple pregnancy 
rate in response to clomiphene in women with PCOS [16]. 
However, given the low number of multiple pregnancies 
overall, there was no statistical difference in multiple preg-
nancy rates between treatment groups. The Dutch study 
reported one triplet (none survived) and one twin pregnancy 
on clomiphene therapy. Further research is needed, although 
given the relatively small multiple pregnancy rate, a very 
large number of pregnancies will be required to detect a sig-
nificant reduction from a 5–6% multiple rate with clomi-
phene. The benefit of multiple pregnancy reduction must be 
balanced against the substantially lower pregnancy rates with 
metformin alone.

12.6  Metformin and Miscarriage

Metformin has been used, most commonly in women with 
PCOS, to prevent miscarriage. The basis for its use is primarily 
observational case series. There are no adequately designed 

and sufficiently powered randomized trials to address its 
risk benefit ratio in this population. The trials discussed in 
Table 12.1 offer some insight into early pregnancy loss, 
but all of them stopped study medication in study subjects 
upon determination of pregnancy. Therefore, they cannot 
address the potential risk benefit ratio of continuing medi-
cation through the first trimester or throughout pregnancy 
as some groups have advocated [17]. It is matter of con-
cern that there was a non significant and unexpected trend 
towards an increased first trimester pregnancy loss rate in 
the metformin group vs. the clomiphene groups (40% in 
the metformin, vs. 23% in the clomiphene and 25% in the 
combined group) in the PPCOS trial. No similar trend in 
miscarriage rates was noted in the other trials, but they 
were significantly smaller. The Italian group in another 
small trial did report a significant reduction in miscarriage 
rates in clomiphene resistant women who conceived after 
metformin use, compared to laparoscopic diathermy [18]. 
These discrepant findings mandate further study before 
metformin is used routinely in women with PCOS for this 
indication.

12.7  Metformin for Later Pregnancy 
Complications

Recent data, both from a meta-analysis and from the PPCOS 
trial, suggests that women with PCOS are at increased risk 
for multiple pregnancy complications including preeclamp-
sia, gestational diabetes, and preterm delivery [19]. The 
meta-analysis showed that women with PCOS demonstrated 
a significantly higher risk of developing gestational diabetes 
[odds ratio (OR) 2.94; 95% confidence interval (CI): 1.70–
5.08], pregnancy-induced hypertension (OR 3.67; 95% CI 
1.98–6.81), pre-eclampsia (OR 3.47; 95% CI 1.95–6.17) and 
preterm birth (OR 1.75; 95% CI 1.16–2.62). Their babies 
had a significantly higher risk of admission to a neonatal 
intensive care unit (OR 2.31; 95% CI 1.25–4.26) and a higher 
perinatal mortality (OR 3.07; 95% CI 1.03–9.21), unrelated 
to multiple births.

This increased risk has led to small studies using met-
formin throughout pregnancy to prevent these complications. 
Certainly, there is a rationale for using metformin to treat 
gestational diabetes and it is now used for this indication in 
many parts of the world. Theoretically, it may also be useful 
to prevent gestational diabetes. One randomized trial from 
Norway showed a remarkable reduction in pregnancy com-
plications in women with PCOS who took metformin during 
pregnancy [20] , but the small sample size (N = 40) and the 
clustering of unusual major pregnancy complications in 
the placebo arm increases the probability that this is a type 
1 error (Fig. 12.4). A larger multicenter trial is now ongoing in 
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Norway to address the benefit of metformin use during 
pregnancy in women with PCOS. Currently, its use must be 
considered experimental.

12.8  Summary: Evidence-Based Guidelines

Metformin has many potential uses in reproductive medi-
cine, but its impact in properly designed trials has been neg-
ligible to date.

Metformin does result in modest improvements in the 
PCOS phenotype with reductions in circulating insulin and 
testosterone levels, weight loss, and improved menstrual/
ovulatory frequency.

It is relatively ineffective as a solo agent to treat infertil-
ity, and further, has a relative anti-fecundity compared to clo-
miphene alone. Clomiphene remains the first choice for 
infertility therapy and the gold standard for women with 
PCOS.

There may be benefits of combined therapy with clomi-
phene and metformin on live birth rates in a very obese 
population.

Metformin may be useful to prevent OHSS when used in 
conjunction with gonadotropins.

The use of metformin to prevent pregnancy loss or to pre-
vent pregnancy complications is still experimental and better 
trials are needed to guide therapy.
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Abstract Endometriosis is a common, benign, estrogen-
dependent, gynecological disorder associated with pelvic pain 
and infertility. The prevalence of this condition can reasonably 
be assumed to be around 10%. Endometriosis should be 
suspected in women with dysmenorrhea, dyspareunia, chronic 
pelvic pain, or subfertility; it may also be asymptomatic and 
can be present as a chronic disease in a subset of patients. 
Visual recognition during laparoscopy is required for the 
definitive diagnosis of endometriosis. Treatment must be 
individualized, taking into consideration the clinical problem 
in its entirety, including the impact of the disease and the effect 
of its treatment on quality of life. Endometriosis-associated 
pain can be effectively treated by surgery and by hormonal 
suppression. Endometriosis-associated subfertility can be 
effectively treated by surgery and by assisted reproduction, 
but not by hormonal suppression. Endometriosis can recur 
after treatment, and the risk increases with the severity of 
endometriosis and the time interval since the last surgery. 
However, patients with recurrent pain do not always have 
endometriosis and may require a multidisciplinary approach 
involving a pain clinic, and counseling should be considered 
early in the treatment plan.

Keywords Endometriosis • Infertility • Etiology • Diagnosis 
• Treatment • Guidelines

13.1  Pathogenesis

Endometriosis is a common, benign, estrogen-dependent, 
gynecological disorder associated with pelvic pain and infer-
tility. Though endometriosis has been described for more 
than one hundred years, our current knowledge of its patho-
genesis remains unclear.

There are a number of theories that have been proposed to 
explain the pathogenesis of endometriosis:

 1. Retrograde menstruation/transplantation
 2. Coelomic metaplasia
 3. The induction theory
 4. Genetic basis
 5. Altered cellular immunity
 6. Environmental basis

13.1.1  The Ectopic Transplantation

The ectopic transplantation of endometrial tissue, originally 
proposed by Sampson in 1924, is the most widely accepted 
theory to explain the pathogenesis of endometriosis. It claims 
that the disorder originates from retrograde menstruation of 
endometrial tissue sloughed through patent fallopian tubes in 
the peritoneal cavity [1]. Retrograde menstruation occurs 
in 70–90% of women [2–4], and may be more common in 
women with endometriosis than in those without the disease 
[4]. The presence of endometrial cells in the peritoneal fluid, 
indicating retrograde menstruation, has been reported in 
59–79% of women during menses or in the early follicular 
phase [5–7]. This hypothesis is supported by the following 
epidemiological data.

The development of endometriosis in the first few years 
after menarche has been associated with a high rate of 
obstructing genital tract anomalies. These include noncom-
municating rudimentary uterine horns, cervical stenosis, cer-
vical atresia, vaginal or transverse septum agenesis, or an 
imperforate hymen [8, 9]. As a general rule, women with a 
stricture at the level of the cervix have a higher incidence of 
endometriosis than women with a stricture lower in the geni-
tal tract. Furthermore, women with shorter intervals between 
menstruation and longer duration of menses are more likely 
to have retrograde menstruation and are at higher risk for 
endometriosis [2, 8, 10].
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13.1.2  The Transformation (Metaplasia)  
of Coelomic

The transformation (metaplasia) of coelomic epithelium 
into endometrial tissue has been proposed as a mechanism 
for the ontogenesis of endometriosis. This theory is best 
supported by the fact that genetic induction of ovarian 
endometriosis is possible in mice suggesting that  
ovarian endometriotic lesions may arise directly from  
the ovarian surface epithelium through a metaplastic dif-
ferentiation process induced by activation of an onco-genic 
K-ras allele [11].

13.1.3  The Induction Theory

The induction theory is, in principle, an extension of the 
coelomic metaplasia theory. It proposes that an endogenous 
biochemical factor in the menstrual fluid present in the 
peritoneum during menstruation can induce undifferentiated 
peritoneal cells to develop into endometrial tissue. This 
theory has been somehow supported by experiments in 
rabbits [12, 13] but has not been substantiated in women or 
in primates.

13.1.4  Genetic Basis

The risk for endometriosis is seven times greater if a first-
degree relative has been affected by endometriosis [14, 15]. 
No specific Mendelian inheritance pattern has been identi-
fied; therefore, multifactorial inheritance has been postu-
lated. A relatíve risk for endometriosis of 7.2 has been found 
in mothers and sisters, and a 75% incidence has been noted 
in homozygotic twins of patients with endometriosis [16]. 
Epidemiological research in the icelandic population has 
shown that endometriosis occurs concordantly in monozy-
gotic twins, that pain symptoms start at a similar age in 
affected nontwin sisters, and that the prevalence of endo-
metriosis is 6 to 9 times increased among first-degree rela-
tives of women with endometriosis when compared to the 
general population [16].

The induction of human-like endometriosis in mice by 
genetic activation of an oncogenic K-ras allele lends further 
support to the genetic basis of this disorder [11]. More recent 
studies showed aneuploidy for chromosomes 11, 16, and 17 
[17], increased heterogeneity of chromosome 17 aneuploidy 
[18], and loss of lp and 22q (50%), 5p (33%), 6q (27%), 70 
(22%), 9q (22%), and 16 (22%) of 18 selected endometriotic 
tissues [19].

The relationship between endometriosis and single gene 
polymorphisms is controversial [20]. Positive correlations 
have been shown for single nucleotide polymorphisms linked 
to cytokines and inflammation, steroid-synthesizing enzymes 
and detoxifying enzymes and receptors, estradiol metabolism, 
other enzymes and metabolic systems, and adhesion mole-
cules and matrix enzymes. Apoptosis, cell-cycle regulation, 
and oncogenes seem to be negatively correlated with the dis-
ease, whereas the group of hormone receptors, growth factor 
systems, and especially groups of the HLA-system compo-
nents show a relatively strong correlation [20].

An ongoing web project (http://www.well.ox.ac.uk/kri-
naz/ ) describes allele and genotype frequencies of SNPs in 
association studies and provides a useful tool for the study of 
genetic variants and the pathogenesis of endometriosis [20].

13.1.5  Immunologic Mechanisms

Immunologic mechanisms are believed to be involved in the 
pathogenesis of endometriosis. Several theories have been 
proposed to explain enhanced implantation and defective 
clearing of endometrial cells from the pelvic cavity, facilitat-
ing the development of endometriosis.

Although retrograde menstruation appears to be a com-
mon event in women, not all women who have retrograde 
menstruation develop endometriosis. The immune system 
may be altered in women with endometriosis, and it has been 
hypothesized that the disease may develop as a result of 
reduced immunologic clearance of viable endometrial cells 
from the pelvic cavity [21, 22]. According to this hypothesis, 
endometriosis can be caused by decreased clearance of peri-
toneal fluid endometrial cells resulting from reduced natural 
killer (NK) cell and macrophage activity [23]. In contrast, 
endometriosis can also be considered a condition of immu-
nologic tolerance for ectopic endometrium, which essentially 
is self-tissue [21].

Substantial evidence suggests that endometriosis is associ-
ated with a state of subclinical peritoneal inflammation, 
marked by an increased peritoneal fluid volume, increased 
peritoneal fluid white blood cell concentration (especially 
macrophages with increased activation status), and increased 
inflammatory cytokines, growth factors, and angiogenesis-
promoting substances. It has been reported in baboons that 
subclinical peritoneal inflammation occurs both during men-
struation and after intrapelvic injection of endometrium [24, 
25]. Furthermore, there are data supporting that a higher basal 
activation status of peritoneal macrophages in women with 
endometriosis may impair fertility by reducing sperm motil-
ity, increasing sperm phagocytosis, or interfering with fertil-
ization [26, 27] possibly by increased secretion of cytokines 
such as tumor necrosis factor-a(TNF-a) [2, 28, 29].

http://www.well.ox.ac.uk/krinaz/
http://www.well.ox.ac.uk/krinaz/
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Macrophages or other cells may promote the growth of 
endometrial cells by secretion of growth and angiogenetic 
factors, such as epidermal growth factor (EGF) [30], mac-
rophage-derived growth factor (MDGF) [31], fibronectin, 
and adhesion molecules such as integrins [31, 32]. After 
attachment of endometrial cells to the peritoneum, subsequent 
invasion and growth appear to be regulated by matrix metal-
loproteinases (MMP) and their tissue inhibitors [33, 34].

Aromatase activity is absent in normal endometrium. 
Contrarily, aromatase is expressed aberrantly in endometrio-
sis, which gives rise to very high levels of aromatase activity 
in the endometriotic tissue. Both aromatase expression and 
activity are stimulated by PGE2. This results in local produc-
tion of estrogen, which in turn induces PGE2 formation and 
establishes a positive feedback cycle [35, 36].

The subclinical pelvic inflammatory status associated with 
endometriosis is also reflected in the systemic circulation. 
Increased concentrations of C-reactive protein, serum amyloid 
A (SAA), TNF-a, membrane cofactor protein-1, interleukin-6, 
interleukin-8, and chemokine (C-C motif) receptor 1 (CCR1) 
have been observed in peripheral blood samples of patients 
with endometriosis when compared with controls [2, 37].

13.1.6  Environmental Factors

The links between reproductive health, infertility, and envi-
ronmental pollution are controversial. Attention has been 
directed to the potential role of dioxins in the pathogenesis of 
endometriosis, but the issue remains controversial. A recent 
meta-analysis concluded that currently there is insufficient 
evidence in women or in nonhuman primates that endometri-
osis is caused by dioxin exposure [38].

13.1.7  Future Research

Future research on the pathogenesis of endometriosis should 
focus on the early interactions between endometrial and peri-
toneal cells in the pelvic cavity at the time of menstruation. 
Proteomic and genomic approaches can detect potential dif-
ferences between eutopic endometrium and myometrium in 
women with and without endometriosis [39].

13.2  Prevalence

Based on the few reliable data, the prevalence of the 
condition can reasonably be assumed to be around 10% 
[40]. Endometriosis is predominantly found in women of 

reproductive age but can also be found in adolescents and 
in postmenopausal women receiving hormonal replacement 
[40]. It is found in women of all ethnic and social groups. 
In women with pelvic pain or infertility, a high prevalence 
of endometriosis (20–90%) has been reported [41, 42]. In 
asymptomatic women undergoing tubal ligation, the 
prevalence of endometriosis ranges from 3 to 43% [2, 43].

13.3  Diagnosis

The current clinical opinion is that laparoscopy is required 
for definitive diagnosis of endometriosis [44]. History and 
physical examination can yield a number of significant find-
ings suggestive for endometriosis including affected first 
degree relatives, chronic pelvic pain and dysmenorrhea, ret-
roverted uterus, adnexal masses, cul de sac nodularity and 
uterosacral ligament thickening and tenderness, but none are 
diagnostic for endometriosis.

Well known risk factors for endometriosis include short 
cycle length [45], heavier menstruation, and longer flow 
duration [46], probably related to a higher incidence of retro-
grade menstruation. Patient height and weight are positively 
and negatively, respectively, associated with the risk of endo-
metriosis [47]. Although a higher prevalence of endometrio-
sis has been found among patients with coitus during menses 
[48], more research is needed to address the role of sexual 
habits in the development of endometriosis.

Endometriosis can be associated with significant 
gastrointestinal symptoms (pain, nausea, vomiting, early 
satiety, bloating and distention, altered bowel habits) as well. 
A characteristic motility change, along with bacterial 
overgrowth, has been documented the bowel system of most 
women with endometriosis [49].

The average delay between the onset of pain symptoms 
and surgically confirmed endometriosis is quite long: mean 8 
years in the United Kingdom and 9 to 12 years in the United 
States [50]. However over the past 20 years, there has been a 
steady decrease in the delay in diagnosis and a decline in the 
prevalence of advanced endometriosis at first diagnosis [51].

13.3.1  Pain

In adult women, dysmenorrhea is especially suggestive of 
endometriosis if it begins after years of pain-free menses. 
Dysmenorrhea often starts before the onset of menstrual 
bleeding and continues throughout the menstrual period. In 
adolescents, dysmenorrhoea may be present after menarche 
without an interval of pain-free menses. The distribution of 
pain is variable but most often is bilateral [2].
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Local symptoms can arise from rectal, ureteral, and 
bladder involvement, and lower back pain can occur. Most 
studies have failed to detect a correlation between the 
degree of pelvic pain and the severity of endometriosis 
[42]. Some women with extensive disease have no pain, 
whereas others with only minimal disease may experience 
severe pelvic pain. Severe pelvic pain and dyspareunia may 
be associated with deep infiltrating subperitoneal endo-
metriosis [43, 52].

Possible mechanisms causing pain in patients with endo-
metriosis include local peritoneal inflammation, deep infiltra-
tion with tissue damage, adhesion formation, fibrotic 
thickening, and collection of shed menstrual blood in endo-
metriotic implants, resulting in painful traction with the physi-
ologic movement of tissues [2, 52, 53]. In rectovaginal 
endometriotic nodules, a close histologic relationship has been 
observed between nerves and endometriotic foci and between 
nerves and the fibrotic component of the nodule [54].

13.3.2  Subfertility and Infertility

An association between endometriosis and subfertility is 
generally accepted, based on epidemiological, retrospective 
or cross-sectional studies in women and on nonhuman pri-
mate research [55, 56]. In women with moderate or severe 
endometriosis, major pelvic adhesions can impair oocyte 
release from the ovary or inhibit ovum pickup or trans-
port.[2, 57]. In women with mild endometriosis, the monthly 
fecundity rate (MFR) is lower (5–11%) than observed in a 
normally fertile population (25%) [58]. The association 
between minimal endometriosis and infertility has been 
explained by numerous mechanisms (ovulatory dysfunc-
tion, luteal insufficiency, luteinized unruptured follicle syn-
drome, recurrent abortion, altered immunity, and 
intraperitoneal inflammation) [58], but remains controver-
sial [55, 59]. It is possible that functional disorders of the 
endometrium may both predispose to the development of 
endometriosis and impair implantation mechanisms in 
affected women. [56]. Both the prevalence of endometriosis 
and the proportion of moderate to severe endometrisos are 
higher in infertile women (27 and 71%) than in women of 
proven fertility women (3 and 43%) [55].

13.3.3  Spontaneous Abortion

On the basis of on controlled prospective studies, there is no 
evidence that endometriosis is associated with pregnancy 
loss [60, 61], or that medical or surgical treatment of endo-
metriosis reduces the spontaneous abortion rate [62, 63].

13.3.4  Endocrinologic Disorders

Endometriosis has been associated with anovulation, abnormal 
follicular development, reduced circulating E2 levels during 
the preovulatory phase, disturbed luteinizing hormone (LH) 
surge patterns, premenstrual spotting, the luteinized unruptured 
follicle syndrome, galactorrhea, and hyperprolactinemia [61]. 
However, there are no sufficient convincing data indicating 
that the prevalence of these endocrinologic abnormalities 
is significantly increased in women with endometriosis 
[2, 55, 61].

13.3.5  Clinical Examination

In many women with endometriosis, no abnormality is 
detected during the clinical examination. The vulva, vagina, 
and cervix should be inspected for any signs of endometrio-
sis, although the occurrence of endometriosis in these areas 
is rare [2]. Other possible signs of endometriosis include ute-
rosacral or cul-de-sac nodularity, lateral or cervical displace-
ment caused by uterosacral scarring [64], painful swelling of 
the recto-vaginal septum, and unilateral ovarian enlargement. 
In more advanced disease, the uterus is often in fixed retro-
version, and the mobility of the ovaries and fallopian tubes is 
reduced. Evidence of deeply infiltrative endometriosis 
(deeper than 5 mm under the peritoneum) in the rectovaginal 
septum with cul-de-sac obliteration or cystic ovarian endo-
metriosis should be suspected by clinical documentation of 
uterosacral nodularities during menses, especially if CA125 
serum levels are higher than 35 IU/mL [65, 66].

Extrapelvic endometriosis is rare (0, 5 -2%) and may 
result from vascular or lymphatic dissemination of endome-
trial cells to many gynecologic (vulva, vagina, cervix) and 
non-gynecologic sites [2, 67]. Although extrapelvic endo-
metriosis is often asymptomatic, it should be suspected when 
symptoms of pain or a palpable mass occur outside the pelvis 
in a cyclic pattern. Endometriosis involving the intestinal 
tract, especially colon and rectum, is the most common site 
of extrapelvic disease, and is associated with cyclic or chronic 
abdominal and back pain, abdominal distention, cyclic rectal 
bleeding, constipation, and obstruction. Ureteral involve-
ment can lead to obstruction and result in cyclic higher back 
pain, dysuria, and hematuria. Pulmonary endometriosis can 
manifest as pneumothorax, hemothorax, or hemoptysis dur-
ing menses. Umbilical endometriosis should be suspected 
when a patient has a palpable mass and cyclic pain in the 
umbilical area [67].

Although clinical examination is a useful tool in the detec-
tion of endometriosis, the diagnosis of endometriosis should 
be confirmed by biopsy of suspicious lesions that are obtained 
laparoscopically.
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13.3.6  Imaging and Endometriosis

Gynecologic transvaginal [68] or transrectal ultrasonogra-
phy [69] is an important diagnostic tool [70] in the assess-
ment of ovarian endometriotic cysts and of rectovaginal 
endometriosis (sensitivity, 97%; specificity, 96%). The pres-
ence of filling defects detected by hysterosalpingography has 
also been reported to have a significant positive correlation 
with endometriosis. The positive predictive value of this 
finding is 84% and the negatíve predictive value is 75% [71]. 
Other imaging techniques, including computed tomography 
(CT) and MRI, can be used to provide additional and confir-
matory information, but they cannot be used for primary 
diagnosis [44].

13.3.7  Laboratory Tests

There is no blood test available for the diagnosis of 
endometriosis. Levels of CA125, a coelomic epithelium 
marker common to most nonmucinous epithelial ovarian 
carcinomas, have been found to be significantly higher in 
women with moderate or severe endometriosis, but not in 
women with minimal or mild disease, when compared to 
women with a normal pelvis [72]. Serum CA 125 levels are 
reported to increase during menstruation according to some 
[73, 74] but not all [75] investigators, and this phenomenon 
may be limited to patients with moderate to severe 
endometriosis [76]. Compared with laparoscopy, measurement 
of serum CA125 levels has no value as a diagnostic tool [44], 
but serial CA125 determinations may be useful to predict the 
recurrence of endometriosis after therapy [77].

13.3.7.1  Laparoscopic Findings and Classification

Unless disease is visible in the vagina or elsewhere, most 
guidelines state that laparoscopic visualization of suspicious 
lesions is the gold standard for the definitive diagnosis of 
endometriosis [44, 56]. During diagnostic laparoscopy, the 
pelvic and abdominal cavity should be systematically investi-
gated for the presence of endometriosis. The type, location, 
and extent of all lesions and adhesions should be documented 
in the operative notes ideally, should be recorded [44]. 
Characteristic findings include typical (“powder-burn” or 
“gunshot”) lesions on the serosal surfaces of the peritoneum. 
These lesions are black, dark brown, or bluish nodules or 
small cysts containing old hemorrhage surrounded by a vari-
able degree of fibrosis (Fig. 13.1). Endometriosis can also 
appear as subtle lesions also called “atypical,” including red 
implants (petechial, vesicular, polypoid, hemorrhagic, red 

flamelike), serous or clear vesicles and sometimes white 
plaques or scarring, yellow-brown discoloration of the perito-
neum, and tubo-ovarian adhesions (Fig. 13.2) [2, 78]. 
Histologic confirmation of the laparoscopic impression is 
essential for the diagnosis of endometriosis, not only for sub-
tle lesions but also for typical lesions reported to be histologi-
cally negative in 24% of cases [79], and should be considered 
as ideal practice [44]. In the presence of ovarian endometri-
oma (greater than 3 cm in diameter) and deeply infiltrating 
disease, histology should be obtained to identify endometrio-
sis and to exclude rare instances of malignancy [78].

Deeply invasive endometriosis is associated with reduced 
depth and volume of the pouch of Douglas (Fig. 13.3) sug-
gesting that this phenotype of endometriosis does not develop 
in the recto-vaginal septum but is the consequence of intrap-
eritoneally buried anterior rectal wall adhesions [80]. 

Fig. 13.1 Black peritoneal laesion, gunshot laesions, hypervascularisation 
(typical endometriosis)

Fig. 13.2 Vesicular peritoneal endometriosis, filmy adhaesions and 
white plaques (atypical appearence of endometriosis)
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Superficial ovarian endometriosis can present as both typical 
and subtle lesions (Fig. 13.4). Ovarian endometriotic cysts 
are usually located on the anterior surface of the ovary and 
are associated with retraction, pigmentation, and adhesions 
to the posterior peritoneum (Fig. 13.5). These ovarian endo-
metriotic cysts often contain a thick, viscous dark brown 
fluid (chocolate fluid) composed of hemosiderin derived 
from previous intraovarian hemorrhage. Since such fluid 
may also be found in other conditions, such as in hemor-
rhagic corpus luteum cysts or neoplastic cysts, biopsy and 
preferably removal of the ovarian cyst for histologic exami-
nation is desirable [2, 81].

The current classification system of endometriosis is 
Revised American Fertility Society Classification ( Fig. 13.7), 
which has been revised without major changes [57]. The 
classification is based on the appearance, size, and depth of 
peritoneal and ovarian implants; the degree of cul-de-sac 

obliteration and the presence, extent, and type of adnexal 
adhesions. In the new classification system, the morphologic 
aspect of the lesions is additionally categorized as red (red, 
red-pink, and clear lesions), white (white, yellow-brown, 
and peritoneal defects), and black (black and blue lesions)[2, 
57]. Despite of the criticism of several authors, the revised 
classification of endometriosis is the only internationally 
accepted system, and appears to be the best available tool to 
describe objectively the extent of endometriosis [2].

13.3.7.2  Histologic Confírmation

Histologic confirmation is essential in the diagnosis of endo-
metriosis. In a study of 44 patients with chronic pelvic pain, 
endometriosis was laparoscopically diagnosed in 36%, but 
histologic confirmation was obtained in only 18%. This 
approach resulted in a low diagnostic accuracy of laparoscopic 
inspection with a positive predictive value of only 45%, 
explained by a specificity of only 77% [2, 82]. Microscopically, 
endometriotic implants consist of endometrial glands and 
stroma, with or without hemosiderin-laden macrophages 
(Fig. 13.6). Endometrioid stroma may be more characteristic 
of endometriosis than endometrioid glands [83]. 
Vascularization, mitotic activity, and the three-dimensional 
structure of endometriosis lesions are the key factors [84].

13.4  Spontaneous Evolution During 
Pregnancy

The characteristics of endometriosis are variable during 
pregnancy, and lesions tend to enlarge during the first trimes-
ter but regress thereafter [85]. Studies in baboons have 

Fig. 13.3 Deeply infiltrating endometriosis nodule

Fig. 13.4 Superficial ovarian endometriosis and typical gunshot laes-
ions in cul de sac

Fig. 13.5 Ovarian endometrioma
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revealed no change in the number or surface area of 
endometriosis lesions during the first two trimesters of 
pregnancy [86]. These results do not exclude a beneficial 
effect that potentially may occur during the third trimester or 
in the immediate postpartum period.

13.5  Prevention

There are no successful strategies to prevent endometriosis. 
Although a reduced incidence of endometriosis has been 
reported in women who engaged in aerobic activity from an 
early age, the possible protective effect of exercise has not 
been investigated thoroughly [2]. There is insufficient evi-
dence that oral contraceptive use offers protection against the 
development of endometriosis. In contrast, a recent report 
showed an increased risk for endometriosis in a selected 
population of women taking oral contraception [87].

13.6  Therapy

Treatment must be individualized, taking into consider-
ation the clinical problem in its entirety, including the 
impact of the disease and the effect of its treatment on 
quality of life [44]. Complaints may persist despite ade-
quate medical or surgical treatment of the disease. In such 
circumstances, a multidisciplinary approach involving a 
pain clinic and counseling should be considered early in 
the treatment plan [44].

13.6.1  Surgical Therapy

Regardless of the clinical profile, treatment of endometriosis 
may be justified because endometriosis appears to progress 
in 30–60% of patients within a year of diagnosis and 
because it is not possible to predict in which patients it will 
progress [88]. Unfortunately, elimination of the endometri-
otic implants by surgical or medical treatment often pro-
vides only temporary relief. In most women with 
endometriosis, preservation of reproductive function is 
desirable. Therefore, the least invasive approach that is 
effective should be used. Depending on the severity of dis-
ease, diagnosis and removal of endometriosis should be 
performed simultaneously at the time of surgery provided 
preoperative consent has been obtained [44, 87, 89–91]. 
The goal of surgery is to excise all visible endometriotic 
lesions and associated adhesions and to restore normal 
anatomy. In most women, laparoscopy can be used. This 
technique decreases cost, morbidity, and the possibility of 
recurrence of adhesions postoperatively [89, 90]. 
Laparotomy should be reserved for patients with advanced-
stage disease, who cannot undergo a laparoscopic proce-
dure and for those in whom fertility conservation is not 
necessary [2].

13.6.1.1  Peritoneal Endometriosis

Endometriosis lesions can be removed during laparoscopy 
by surgical excision with scissors, bipolar coagulation, or 
laser methods (CO2 laser, potassium-titanyl-phosphate laser, 
or argon laser). Although some surgeons claim that the CO

2
 

laser is superior because it causes only minimal thermal 
damage, no evidence is available to show the superiority of 
one technique over another [92].

13.6.1.2  Ovarian Endometriosis

Superficial ovarian lesions can be vaporized [44]. Ovarian 
endometrioma should be aspirated, followed by incision 
and removal of the cyst wall from the ovarian cortex, to 
prevent recurrence [2, 44]. In a recent study, coagulation 
or laser vaporization of endometriomas without excision 
of the pseudocapsule was associated with a significantly 
increased risk of cyst recurrence [93]. In addition, laparo-
scopic cystectomy for ovarian endometriomas greater than 
4 cm diameter improves fertility compared with drainage 
and coagulation [44, 94]. Therefore, based on the current 
evidence, ovarian cystectomy appears to be the method of 
choice.

Fig. 13.6 Hystological aspect of endometriosis Photographs kindly 
donated by Christel Meuleman MD, Leuven University Fertility Centre, 
Leuven, Belgium



198 A. Bokor et al.

13.6.1.3  Adhesiolysis

The removal of endometriosis-related adhesions should be 
performed. Routine use of pharmacologic or liquid agents to 
prevent postoperative adhesions after fertility surgery cannot 
be recommended based on the evidence from randomized 
controlled trials [95].

13.6.1.4  Deep Rectovaginal Endometriosis

The surgical excision of deep rectovaginal and rectosigmoi-
dal endometriosis is difficult and can be associated with 
major complications. Postoperative bowel perforations with 
peritonitis have been reported in 2–3% of cases [96].

Preoperative investigations, including gynecologic ultra-
sonography, intravenous pyelography, and colon contrast 
radiography, are essential, and MRI may be useful in specific 
cases. Preoperative laxatives, starch-free diet, and full bowel 
preparation are needed to allow perioperative bowel sutur-
ing, if needed. To allow complete excision of rectovaginal 
endometriosis, it is often necessary to perform discoid exci-
sion, bowel wall resection, and partial resection of the poste-
rior vaginal fornix, and resection reanastomosis may be 
needed in selected cases. In the case of sigmoid bowel endo-
metriosis, segmental resection anastomosis is ofen needed 
and can be performed by laparotomy, laparoscopy with intra-
corporeal suturing, or by laparoscopically assisted vaginal 
techniques [2, 96, 97].

Ureter stents may be required before excision of perito-
neal endometriosis surrounding the ureter [2]. A multidisci-
plinary approach involving gynecologic and gastroenterologic 
surgeons and urologists is desirable. Radical procedures such 
as bilateral salpingo-oophorectomy (BSO) or total hysterec-
tomy are indicated only in severe situations and can be per-
formed either laparoscopically or by laparotomy. If a 
hysterectomy is performed, bilateral salpingo-oophorectomy 
should be considered as well [44, 98], and all visible endo-
metriotic tissue should be removed at the same time [99].

13.7  Preoperative and Postoperative 
Hormonal Treatment

Hormonal therapy before surgery improves endometriosis 
scores, but there is insufficient evidence that it has any 
effect on pain relief after the operation [100]. In addition, a 
recent randomized study comparing 3 months of preopera-
tive treatment with GnRH and no treatment in 75 women 
with moderate to severe endometriosis failed to show a sig-
nificant difference in ease of surgery between the two 
groups [101].

Postoperative hormone therapy with estrogen is required 
after bilateral oophorectomy, but should be withheld until 3 
months after surgery, as there is a negligible risk for renewed 
growth of residual endometriosis [102]. The addition of pro-
gestins to this regimen protects the endometrium. According 
to a recent Cochrane review and the ESHRE Guidelines [44, 
100], compared with surgery alone or surgery plus placebo, 
postoperative hormonal treatment does not reduce pain recur-
rence at 12 or 24 months and has no effect on disease recur-
rence. Postoperative use of the levonorgestrel intrauterine 
device reduces the recurrence of painful periods in women 
who have had surgery for endometriosis, but there is a need 
for further well-designed RCTs of this approach [103].

13.8  Results of Surgical Treatment

13.8.1  Pain

Although several reports have reported pain relief with CO2-
laser- laparoscopy in 60–80% of patients with very low 
morbidity, none was prospective or controlled [2, 104–106]. 
In patients with pain, the endometriosis stage was not 
related to pain symptoms in several studies [107]. However, 
more recent studies reported a positive correlation between 
endometriosis stage and endometriosis-related dysmenorrhea 
or chronic pelvic pain [108]. According to the current ESHRE 
guidelines, ablation of endometriotic lesions and laparoscopic 
uterine nerve ablation (LUNA) done at the same time in 
minimal–moderate disease reduces endometriosis-associated 
pain at 6 months compared to diagnostic laparoscopy. The 
smallest effect of the procedure is seen in patients with 
minimal disease [44]. There is no evidence that laparoscopic 
uterine nerve ablation is a necessary part of the treatment, 
because LUNA by itself has no effect on dysmenorrhea 
associated with endometriosis [44].

13.8.2  Subfertility

Ablation of the endometriotic lesions plus adhesiolysis to 
improve fertility in minimal and mild endometriosis is effec-
tive compared to diagnostic laparoscopy alone according to 
the ESHRE recommendations [44].

A large retrospective multicenter analysis [109] reported 
cumulative pregnancy rates of 39, 31, 30, and 25% in patients 
with endometriosis stages I, II, III, and IV, respectively, 12 
months after surgical treatment. Other studies have reported 
a significant negative correlation between endometriosis 
stage and pregnancy rate and decreased pregnancy rates 
when the revised scores exceeded 70 [110].
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Surgical management of infertile women with minimal 
to mild endometriosis is controversial. The cumulative 
pregnancy rate after 5 years without therapy has been 
reported to be as high as 90% in women with minimal or 
mild endometriosis. This is comparable to the 93% rate 
reported in women who do not have endometriosis [111]. 
Two randomized controlled studies have evaluated the 
effect of surgical treatment of endometriosis on fertility 
parameters [2, 62, 63]. Taking into account the larger 
patient population in the Canadian multicenter study, surgi-
cal treatment of minimal to mild endometriosis appears to 
offer a small but significant benefit with regard to fertility 
outcome [44, 62].

13.8.2.1  Preoperative and Postoperative Medical 
Therapy

There are no data to indicate hormonal treatment prior to 
surgery to improve the success of surgery [44]. 
Postoperative medical treatment is seldomly applied 
because it does not work based on randomized trials, 
because it prevents pregnancy, and because the highest 
pregnancy rates occur during the first 6 to 12 months after 
conservative surgery [112, 113]. Following the ESHRE 
guideline, medical treatment with danazol or a GnRH ago-
nist after surgery does not improve fertility compared with 
expectant management [44].

However, treatment with danazol or a GnRH agonist for 6 
months after surgery reduces endometriosis-associated pain 
and delays recurrence at 12 and 24 months compared with pla-
cebo and expectant management, whereas treatment with com-
bined oral contraceptives does not seem to be effective [44].

13.9  Medical Treatment

Medical treatment, as a general rule, is contraindicated in 
women desiring to become pregnant.

13.9.1  Empirical Therapy

Empirical therapy for pain presumed to be due to endometrio-
sis in the absence of a definitive diagnosis may include coun-
seling, analgesia, nutritional therapy, progestins, or combined 
oral contraceptives. If the patient desires a treatment for pain 
symptoms suggestive of endometriosis in the absence of a 
definitive diagnosis, a therapeutic trial of a hormonal medica-
tion to reduce menstrual flow is appropriate [2, 44].

13.9.2  Hormonal Medical Therapy

Because estrogen is known to stimulate the growth of endo-
metriosis, hormonal therapy has been designed to suppress 
estrogen synthesis, thereby inducing atrophy of ectopic 
endometrial implants or interrupting the cycle of stimulation 
and bleeding.

Implants of endometriosis react to gonadal steroid hor-
mones in a manner similar but not identical to eutopic endo-
metrium. There is strong evidence that suppression of ovarian 
function for 6 months reduces pain associated with endo-
metriosis [44]. Combined oral contraceptives, danazol, 
gestrinone, medroxyprogesterone acetate, and GnRH ago-
nists are all equally effective, but their side-effect and cost 
profiles differ [44, 114–117]. A new generation of aromatase 
inhibitors, estrogen receptor modulators, and progesterone 
antagonists may offer new hormonal treatment options in the 
future [2].

13.9.2.1  Oral Contraceptives

The treatment of endometriosis with continuous low-dose 
monophasic combination contraceptives (one pill per day 
for 6 to 12 months) for induction of a pseudopregnancy 
state with combination oral contraceptive pils has been 
shown to be effective in reducing dysmenorrhea and pelvic 
pain [44, 88]. In addition, the subsequent amenorrhea 
induced by oral contraceptives could potentially reduce 
the amount of retrograde menstruation, decreasing the risk 
for disease progression. On the basis of a recently pub-
lished data, there is no difference in outcomes between the 
oral contraceptive pill (OCP) and GnRH analog in treating 
endometriosis-associated pain [118]. Unfortunately, endo-
metrial implants survive during induced atrophy and are 
reactivated after termination of treatment, in most patients. 
Oral contraceptives are less costly than other treatments 
and may be helpful in the short-term management of 
endometriosis with potential long-term benefits in some 
women [2].

There is no convincing evidence that cyclic use of combi-
nation oral contraceptives provides prophylaxis against either 
the development or recurrence of endometriosis [2, 118].

13.9.2.2  Progestins

Progestins may can be considered as the first choice for the 
treatment of endometriosis because they are as effective as 
danazol or GnRH analogs and have a lower cost and a 
lower incidence of side effects than these agents [117, 119]. 
They exert an antiendometriotic effect by causing initial 
decidualization of endometrial tissue followed by atrophy. 
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There is no evidence that any single agent or any particular 
dose is preferable to another [117].

Medroxyprogesterone acetate (MPA) (150 mg) adminis-
tered intramuscularly every 3 months is also effective for the 
treatment of pain associated with endometriosis, but it is not 
indicated in infertile women because it induces profound 
amenorrhea and anovulation [119]. However, a recent ran-
domized placebo-controlled study reported a significant 
reduction in stages and scores of endometriosis in both the 
placebo group and the group treated with MPA, 50 mg/day, 
at laparoscopy within 3 months after cessation of therapy [2, 
120]. These findings raise questions about the need for medi-
cal therapy.

13.9.2.3  Intrauterine Progesterone Treatment

Local progesterone treatment of endometriosis-associated 
dysmenorrhea with a levonorgestrel-releasing intrauterine 
system (LNR-IUS) for 12 months has resulted in a signifi-
cant reduction in dysmenorrhea, pelvic pain, and dyspare-
unia. In addition, a high degree of patient satisfaction and a 
significant reduction in the volume of rectovaginal endo-
metriotic nodules was found [120, 152].

13.9.2.4  Gestrinone

Gestrinone is a 19-nortestosterone derivative with andro-
genic, antiprogestagenic, antiestrogenic, and antigonadotro-
pic effect. Gestrinone causes cellular inactivation and 
degeneration of endometriotic implants but not their disap-
pearance [2, 121]. Amenorrhea occurs in 50–100% of women 
and is dose dependent.

The clinical side effects of gestrinone are dose dependent 
and similar to but less intense than those caused by danazol. 
They include nausea, muscle cramps, and androgenic effects 
such as weight gain, acne, seborrhea, and oily hair and skin 
[121]. In a multicenter, randomized, double-blind study, 
gestrinone was as effective as GnRH for the treatment of pel-
vic pain associated with endometriosis [122]. Pregnancy is 
contraindicated while taking gestrinone because of the risk 
for masculinization of the fetus.

13.9.2.5  Danazol

Recognized pharmacologic properties of danazol include 
suppression of GnRH or gonadotropin secretion, direct inhi-
bition of steroidogenesis, increased metabolic clearance of 
estradiol and progesterone, direct antagonistic and agonistic 
interaction with endometrial androgen and progesterone 
receptors, and immunologic attenuation of potentially 
adverse reproductive effects [2, 123]. A practical strategy for 

the use of danazol is to start treatment with 400 mg daily 
(200 mg twice a day) and increase the dose, if necessary, to 
achieve amenorrhea and relieve symptoms [2].

The significant adverse side effects of danazol are related 
to its androgenic and hypoestrogenic properties. Deepening 
of the voice is another potential side effect that is nonrevers-
ible. The use of danazol is contraindicated in pregnancy 
because of its androgenic effects on the fetus. Because the 
many side effects of oral danazol limit its use, alternative 
routes (e.g., vaginal danazol ring) of administration have been 
studied. This treatment did not cause the classic danazol side 
effects and may allow ovulation and conception [2, 124].

13.9.2.6  Gonadotropin-Releasing Hormone Agonists

Gonadotropin-releasing hormone agonists bind to pituitary 
GnRH receptors and stimulate LH and FSH synthesis and 
release. However, the agonists have a much longer biologic 
half-life (3–8 h) than endogenous GnRH (3.5 min), resulting 
in the continuous exposure of GnRH receptors to GnRH ago-
nist activity [2]. This exposure causes a loss of pituitary 
receptors and downregulation of GnRH activity, resulting in 
low FSH and LH levels. Thus, ovarian steroid production is 
suppressed, providing a medically induced and reversible 
state of pseudomenopause. A direct effect of GnRH agonists 
on ectopic endometrium is also possible because expression 
of the GnRH receptor gene has been documented in ectopic 
endometrium [125].

Several GnRH agonists are available including leupro-
lide, buserelin, nafarelin, histrelin, goserelin, deslorelin, and 
tritorelin. These drugs are inactive orally and must be admin-
istered intramuscularly, subcutaneously, or by intranasal 
absorption. The best therapeutic effect is often associated 
with an estradiol dose of 20–40 pg/mL. These depot formu-
lations are beneficial because of the reduced frequency of 
administration and because nasal administration can be com-
plicated by variations in absorption rates and problems with 
patient compliance [126]. Their side effects are caused by 
hypoestrogenism and include hot flashes, vaginal dryness, 
reduced libido, and osteoporosis. Reversibility of bone loss 
is equivocal and, therefore, of concern [2, 126], especially 
because treatment periods of longer than 6 months may be 
required. The goal is to suppress endometriosis and maintain 
serum estrogen levels of 30–45 pg/mL.

The dose of daily GnRH agonist can be regulated by mon-
itoring estradiol levels, by the addition of low-dose progestin 
or estrogen-progestin in an add-back regimen, or by draw-
back therapy. The goal of add-back therapy is to treat endo-
metriosis and endometriosis-associated pain effectively 
while preventing vasomotor symptoms and bone loss related 
to the hypoestrogenic state induced by GnRH analogs.

According to ESHRE guidelines treatment for 3 months 
with a GnRH agonist may be as effective as 6 months in 
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terms of pain relief. Treatment for up to 2 years with combined 
estrogen progestagen “add-back” appears to be effective and 
safe in terms of pain relief and bonedensity protection [44]. 
Add-back therapy can be achieved by administering proges-
tins only, including norethisterone, 1.2 mg, and norethin-
drone acetate, 5 mg and also with tibolone, 2.5 mg/day or by 
an estrogen-progestin combination [2, 127, 128]. However, 
in one report, bone mineral density reduction occurred dur-
ing long-term GnRH agonist use and was not fully recovered 
up to 6 years after treatment [2, 129]. Use of add-back ther-
apy (2 mg estradiol and 1 mg norethisterone acetate) did not 
affect this process [129]. Therefore, GnRH agonists should 
not be prescribed to girls who have not yet attained their 
maximal bone density [151].

Draw-back therapy has been suggested as an alternative in 
a study showing that 6 months of intake of 400 µg/day of 
nafarelin was as effective as a draw-back regimen consisting 
of 1 month of intake of 400 µg/day of nafarelin followed by 5 
months of 200 µg/day of nafarelin, with similar estradiol lev-
els (30 pg/mL) but less loss of bone mineral density [2, 130].

13.9.3  Aromatase Inhibitors

Aromatase inhibitors like anastrozole and letrozole com-
bined with an ovarian suppressant represent promising and 
novel treatments of postmenopusal and premenopausal endo-
metriosis [2, 131]. The requirement for calcium, vitamin D, 
or bisphosphonate supplementation in premenopausal 
women needs further evaluation.

13.9.4  Nonhormonal Medical Therapy

13.9.4.1  Dysmenorrhea

Women suffering from dysmenorrhea are treated with anal-
getics. In a recent systematic Cochrane review evaluating the 
use of nonsteroidal anti-inflammatory drugs (NSAIDs) for 
primary dysmenorrhea, it was concluded that NSAIDs, except 
niflumic acid, were more effective than placebo for pain relief 
[132], but there was insufficient evidence to suggest whether 
any individual NSAID was more effective than another.

13.9.4.2  Pelvic Pain

Considering that endometriosis is a chronic inflammatory 
disease, anti-inflammatory drugs would appear to be effec-
tive for treatment. Nonsteroidal anti-inflammatory drugs 
may be effective in reducing endometriosis associated pain 
[2, 44]; however, they have significant side effects, including 

gastric ulceration and possible inhibition of ovulation. 
Women who wish to become pregnant should not take 
NSAIDs at the time of ovulation, because inhibition of pros-
taglandins may inhibit follicular rupture at ovulation [133].

13.9.4.3  Evolving Drugs

Progesterone antagonists and progesterone receptor modula-
tors may suppress endometriosis based on their antiprolifera-
tive effects on the endometrium, without the risk for 
hypoestrogenism or bone loss that occurs with GnRH treat-
ment. [2, 134]. In animal models, raloxifene therapy resulted 
in regression of endometriosis [135]. A recent prospective 
randomized placebo- and drug-controlled study in baboons 
showed that recombinant human TNF-a-binding protein 
effectively inhibits the development of endometriosis and 
endometriosis-related adhesions and is effective in the treat-
ment of spontaneous endometriosis in baboons [136].

In humans, a randomized placebo-controlled trial of oral 
pentoxifylline, 800 mg/day for 12 months, reported after 
life-table analysis a similar overall pregnancy rate in treated 
patients (31%) and in controls (18.5%) [2, 137].

Immunomodulatory drugs inhibiting pelvic inflammation, 
angiogenesis or metalloproteinase activity associated with 
endometriosis may offer new approaches to medical treat-
ment in the future.

13.9.5  Effícacy of Medical Treatment

Medical treatment with progestins, danazol, gestrinone, or 
GnRH agonists is effective in treating pain associated with 
endometriosis, as shown in several prospective, randomized, 
placebo-controlled double-blind studies [44, 138, 139]. 
Disadvantages of medical therapy over surgical therapy 
include the high cost of hormone preparations, the high prev-
alence of side effects, and the higher recurrence rate of endo-
metriosis [2, 100, 139].

Conception is either impossible or contraindicated during 
medical treatment of endometriosis. There is no evidence that 
medical treatment of minimal to mild endometriosis leads to bet-
ter chances of pregnancy than expectant management [44, 100].

13.10  Adolescent Endometriosis

The incidental finding of minimal to mild endometriosis in a 
young woman without immediate interest in pregnancy is a 
common clinical problem. Seventy percent of girls with 
chronic pelvic pain unresponsive to oral contraceptives or 
NSAIDs are affected by endometriosis [2, 140]. Mild disease 
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can be treated by surgical removal of implants at the time of 
diagnosis, followed by continuous administration of low-
dose combination oral contraceptives to prevent recurrence. 
More advanced disease can be treated medically for 6 
months, followed by continuous oral contraceptives to pre-
vent progression of disease [140].

13.11  Recurrence

Endometriosis tends to recur unless definitive surgery is per-
formed. The recurrence rate is about 5–20% per year, reach-
ing a cumulative rate of 40% after 5 years. In women treated 
with GnRH agonists or danazol for endometriosis associated 
with pelvic pain, the recurrence rates of endometriosis were 
similar, and associated pain symptoms usually returned after 
cessation of therapy [2, 141].

The rate of recurrence increases with the stage of disease, 
the duration of follow-up, and the occurrence of previous 
surgery [141, 142]. The likelihood of recurrence appears to 
be lower when endometriosis is located only on the right side 
of the pelvis than when the left side is involved [143].

13.12  Assisted Reproduction for Treatment 
of Endometriosis

The treatment of endometriosis-related infertility with an 
assisted reproduction technique is dependent on the age of 
the woman, the duration of infertility, the stage of endometri-
osis, the involvement of ovaries, tubes, or both in the endo-
metriosis process, previous therapy, associated pain 
symptoms, and the priorities of the patient, taking into 
account her attitude toward the disease, the cost of treatment, 
her financial means, and the expected results [2].

13.12.1  Intrauterine Insemination

Minimal-mild endometriosis-associated infertility can be 
successfully treated with intrauterine insemination, proven 
positive outcomes were reported only in combination with 
superovulation therapy (SO/IUI) [44, 153].

13.12.2  In Vitro Fertilization (IVF)

According to ESHRE guidelines, IVF is an appropriate 
treatment especially if tubal function is compromised, if 
there is also male factor infertility, and/or other treatments 

have failed [44]. However, based on several retrospective 
studies [144–146], investigators have suggested that the 
pregnancy rate after IVF may be lower in women with 
endometriosis than in women without the disease. According 
to a recently published meta-analysis [147], IVF pregnancy 
rates are lower in patients with endometriosis than in those 
with tubal infertility [44]. This can probably be explained 
by reduced egg/embryo quality, since uterine implantation 
appears to be normal in women with endometriosis stage 
III or IV treated with donor egg IVF[146]. Current evidence 
also suggests that patients with endometriosis have a poorer 
ovarian response and need a higher dose of gonadotropin 
therapy in IVF or ICSI programs, but endometrial implan-
tation is not reduced. Prolonged treatment with a GnRH 
agonist before IVF should be considered in women with 
moderate–severe endometriosis and discussed with patients 
because this therapy may result in improved pregnancy 
rates [44].

13.12.3  Intracytoplasmic Sperm Injection 
(ICSI)

A recent study in patients undergoing intracytoplasmic sperm 
injection (ICSI) reported a reduced number of oocytes recov-
ered after ovarian aspiration but a normal fertilization rate, 
implantation rate, and pregnancy rate in women with endo-
metriosis when compared with controls [148].

13.12.4  Gamete Intrafallopian Transfer

Gamete intrafallopian transfer has been reported to result in a 
higher pregnancy rate (25%) than IVF (14%). This difference 
may be related to selection bias, because women with less 
severe forms of endometriosis are more likely to be treated 
with gamete intrafallopian transfer than with IVF [149].

13.13  Coping with Disease

Evidence from two systematic reviews suggests that high fre-
quency transcutaneous electrical nerve stimulation (TENS), 
acupuncture, vitamin B, and magnesium may help to relieve 
dysmenorrhea [44, 150]. Whether such treatments are effec-
tive in endometriosis-associated dysmenorrhea is unknown. 
Many women with endometriosis report that nutritional and 
complementary therapies such as reflexology, traditional 
Chinese medicine, herbal treatments, and homeopathy improve 
pain symptoms [2]. Furthermore, patient self-help groups can 
provide invaluable counseling, support, and advice.
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13.14  Summary-Treatment/Evaluation 
Algorithm

Endometriosis should be suspected in women with 
dysmenorrhea, dyspareunia, chronic pelvic pain, or 
subfertility. Endometriosis may be also asymptomatic and 
should be perceived as a chronic disease.

Risk factors:

Affected first degree relatives• 
Short cycle length, heavier menstruation, and longer flow • 
duration
Height and weight are positively and negatively • 
associated

Clinical signs:

Signs of endometriosis on vulva, vagina, and cervix• 
Uterosacral or cul-de-sac nodularity, lateral or cervical • 
displacement, painful swelling of the recto-vaginal sep-
tum, unilateral ovarian enlargement
Uterus in fixed retroversion, mobility reduced of the ova-• 
ries and fallopian tubes-in more advanced cases

Extrapelvic endometriosis:

Colorectal involvement – abdominal and back pain, • 
abdominal distention, cyclic rectal bleeding, constipation, 
obstruction
Ureteral and/or bladder– obstruction resulting in cyclic • 
pain, dysuria, and hematuria
Pulmonary – pneumothorax, hemothorax, or hemoptysis • 
during menses
Umbilical – palpable mass and cyclic pain in the umbilical • 
area

Diagnosis: visual inspection of the pelvis during laparos-
copy, ideally with histological confirmation.

Imaging techniques:

Gynecologic transvaginal or transrectal ultrasonography, • 
MRI
Intravenous pyelography and colon contrast radiography • 
if needed

Treatment: must be individualized, taking the clinical 
problem in its entirety into account, including the impact of 
the disease and the effect of its treatment on quality of life.

Endometriosis-associated pain:

Systems currently available for the classification of endo-• 
metriosis are subjective and correlate poorly with pain 
symptoms.
Pain symptoms suggestive of the disease can be treated • 
without a definitive diagnosis using a therapeutic trial of a 
hormonal drug to reduce menstrual flow.
Suppression of ovarian function for 6 months reduces • 
pain. Hormonal drugs are equally effective.

Ablation of endometriotic lesions reduces pain and the • 
smallest effect is seen in patients with minimal(stage I) 
disease.
There is no evidence that LUNA is a necessary compo-• 
nent of treatment.
In cases of ovarian endometrioma (>3 cm in diameter), • 
and in deeply infiltrating disease, histology should be 
obtained to identify endometriosis and to exclude rare 
instances of malignancy.
Severe or deeply infiltrating endometriosis should be • 
managed in a facility with the necessary expertise to pro-
vide treatment in a multidisciplinary context, including 
advanced laparoscopic surgery and laparotomy.

Endometriosis-associated infertility:

Ablation of endometriotic lesions plus adhesiolysis in • 
minimal-to-mild endometriosis is more effective than 
diagnostic laparoscopy alone in improving fertility. 
Suppression of ovarian function is not effective in improv-
ing fertility.
In women with stage I/II endometriosis-associated infer-• 
tility, expectant management or SO/IUI after laparoscopy 
can be considered for younger patients. Women 35 years 
of age or older should be treated with SO/IUI or 
IVF-ET.
IVF pregnancy rates are lower in women with endometri-• 
osis than in those with tubal infertility.
There is insufficient evidence available to determine • 
whether surgical excision of moderate–severe endometri-
osis enhances pregnancy rates.
For women with stage III/IV endometriosis who fail to • 
conceive following conservative surgery or because of 
advancing reproductive age, IVF-ET is an effective 
alternative.

For updated ESHRE guidlines see http://www.endometri-
osis.org/guidelines.html
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Abstract This chapter reviews two of the most common 
endocrinopathies in reproductive medicine and highlights 
the unique associations with reproductive outcomes that 
should be appreciated by the reproductive endocrine clinic.
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Postpartum thyroid dysfunction • Thyroid nodules • Gonadal 
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14.1  Thyroid Disorders

Thyroid disorders comprise the second most common endo-
crinopathy in woman after polycystic ovary syndrome. 
Thyroid disorders are tenfold more common in women than 
in men [1]. Approximately 1% of the female population of 
the United States will develop overt hypothyroidism. Even 
prior to the discovery of long-acting thyroid stimulator 
(LATS) in women with Graves’ disease in 1956, many inves-
tigators suggested a potential link between autoimmune thy-
roid disorders and reproductive dysfunction [2].

14.1.1  Thyroid Hormones

Iodide is the key component of the class of hormones known 
as thyronines, of which tri-tetraiodiothryonine (T

3
) and thy-

roxine (T
4
) are the most important. Their production is 

depicted in Fig. 14.1.

Iodide obtained from dietary sources is actively transported 
into the thyroid follicular cell for synthesis of these hormones. 
The sodium-iodide symporter (NIS) is key to thyroid function. 
It facilitates the transport of iodide from the circulation into the 
thyrocyte against an electrochemical gradient. The energy 
required by NIS is supplied by Na-K ATPase. TSH stimulates 
iodide uptake. The enzyme thyroid peroxidase (TPO) then  
oxidizes iodide near the cell-colloid surface and incorporates it 
into tyrosyl residues within the thyroglobulin molecule, resulting 
in the formation of monoiodotyrosine (MIT) and diiodotyrosine 
(DIT). TPO also catalyzes the secondary coupling of MIT and 
DIT to formTriiodothyronine (T

3
) and thyroxine (T

4
). TPO is a 

membrane-bound, heme-containing oligomer found in the 
rough endoplasmic reticulum, Golgi vesicles, lateral and apical 
vesicles, and on the follicular cell surface. Thyroglobulin, the 
major protein of the thyroid gland, has an iodine content of 
0.1–1.1% by weight. About 33% of the iodine found in thyro-
globulin is in the form of T

3
 and T

4
, and the remainder is MIT, 

DIT, or unbound iodine. Thyroglobulin is a reservoir capable of 
maintaining a euthyroid state for nearly two months without 
the formation of new thyroid hormones. The thyroid “antimi-
crosomal” antibodies found in patients with autoimmune thyroid 
disease are directed against the TPO enzyme [3, 4].

Thyroid-stimulating hormone regulates thyroid iodine 
metabolism by the activation of adenylate cyclase. This 
facilitates iodide uptake, digestion of thyroglobulin-con-
taining colloid, and the release of thyroid hormones T

4
, 

T
3
, and reverse T

3
. T

4
 is released from the thyroid at 

40–100 times the concentration of T
3
. The concentration 

of reverse T
3
, which has no intrinsic thyroid activity, is 

30–50% of T
3
 and 1% of the T

4
 concentrations, respec-

tively. Of the active and inactive thyroid hormones 
released, 70% are bound by circulating thyroid binding 
globulin (TBG). T

4
 is present in the circulating storage 

pool in the highest concentration, however, it has a slow 
turnover rate (about 7 days). In contrast, the concentration 
of T

3
 is lower but has a higher turnover rate. Approximately 

30% of T
4
 is converted to T

3
 in the periphery. Reverse 

T
3
cooperates in the modulation of the conversion of T

4
 to 

T
3
. T

3
 is the primary physiologically functional thyroid 

hormone. T3 binds the nuclear receptor with 10 times the 
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Fig. 14.2 The production and delivery of thyroid hormones. First, 
thyroid follicular cells synthesize enzymes and thyroglobulin for col-
loid production. Second, I− is co-transported into the cell with Na+ and 
transported into the colloid. Third, thyroid peroxidase (TPO) enzyme 

adds iodine to thyroglobulin in order to produce T
3
 and T

4
. Fourth, 

thyroglobulin is taken back into the cell. Fifth, intracellular enzymes 
separate T

3
 and T

4
 from the protein. Lastly, free T

3
 and T

4
 enter the 

circulation

affinity of T
4
. Thyroid hormone causes increased oxygen 

consumption, heat production, and metabolism of fats, 
proteins, and carbohydrates. Systemically, thyroid hor-
mone activity controls the basal metabolic rate. The pro-
duction and delivery of the thyronines are outlined in 
Fig. 14.2.

14.1.2  Iodide Metabolism

Normal function of the thyroid gland is dependent on iodine. 
The recommended daily allowance by the U.S. National 
Research Council is 150–300 mg/day. Present daily consumption 

in the United States averages 200–600 mg/day due to supple-
ments in common foodstuffs. Iodine intake is most com-
monly in the form of iodized salt (100 mg of potassium 
iodine/kg of salt) [5]. Women of childbearing age should 
have an average iodine intake of 150 µg/d. During pregnancy 
and breastfeeding, women should increase iodine intake to 
250 µg/d and total intake should not exceed 500 µg/d. Iodine 
deficiency is the most common cause of hypothyroidism 
worldwide. As many as 40% of pregnant women have iodine 
deficiency in the UK [6].

The thyroid gland requires iodine for synthesis of thyroid 
hormones. In locations where dietary iodine is insufficient, 
goitrous hypothyroidism among adults and the consequences 

Fig. 14.1 Iodide and thyroid metabolism in the production of the thy-
ronines: triiodothyronine (T

3
) and thyroxine (T

4
). Dietary iodide is 

actively transported into the thyroid follicular cell for synthesis of thy-
roid hormones. Sodium-iodide symporter (NIS) is key to thyroid func-
tion. It facilitates iodide transport from the circulation into the thyrocyte 
against an electrochemical gradient. The energy required by NIS is sup-

plied by Na-K ATPase. TSH stimulates iodide uptake. The enzyme, 
thyroid peroxidase (TPO) then oxidizes iodide near the cell-colloid sur-
face and incorporates it into tyrosyl residues within the thyroglobulin 
molecule, resulting in the formation of monoiodotyrosine (MIT) and 
diiodotyrosine (DIT). TPO also catalyzes the secondary coupling of 
MIT and DIT to form triiodothyronine (T

3
) and thyroxine (T

4
)
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of inadequate fetal thyroxine are common (endemic goiter and 
endemic cretinism). Characterizing the narrow safety threshold 
for dietary iodide intake, iodine intake adequacy appears to be 
associated with the development of autoimmune thyroid disor-
ders [7, 8] and decreased remission rates in patients treated for 
Graves’ disease [9]. It appears that iodine stimulates immuno-
globulin production by B lymphocytes, activates macrophages, 
and increases the immunogenic potential of thyroglobulin 
because of the higher iodide content [10–13].

14.1.3  Factors Affecting Risk for Autoimmune 
Thyroid Disorders

Environmental factors associated with the occurrence of 
autoimmune thyroid diseases include pollutants (plasticiz-
ers, polychlorinated biphenyls, and coal-processing pollut-
ants) [14, 15] and antibodies to Yersinia enterocolitica 
[16]. The female hormonal milieu and its effects on 
immune surveillance appear to play a role in the tenfold 
increased risk in women to develop autoimmune thyroid 
disease. The polyclonal immunoglobulins produced against 
the thyroid and the multiple combinations of various anti-
bodies present (stimulating versus blocking, complement 
fixing, and noncytotoxic) combine to create the clinical 
spectrum of autoimmune thyroid diseases (Fig. 14.3).

Stimulation of blockade of hormone receptors leads to 
hyperfunction or hypofunction or growth, depending on the 
types of immunoglobulins acting on the target cell. (TBII, 
TSH-binding inhibitor immunoglobulin; TGI, thyroid 
growth–promoting immunoglobulin; TSAb, thyroid-stimu-
lating antibodies; TSH, thyroid-stimulating hormone.)

14.1.4  Evaluation

14.1.4.1  Thyroid Function

Total serum T
4
 is measured by radioimmunoassay and 

includes both freeT
4
 and that bound to thyroid binding glob-

ulin (TBG). TBG levels are variable and many conditions 
elevate the level of TBG including: estrogen replacement, 
hepatitis, and genetic abnormalities of TBG, OC use, and 
pregnancy. Thus, an indirect estimation of the unbound 
(“free”) T4 or its direct measurement is required for clinical 
evaluation. While not commonly utilized, the T

3
 resin uptake 

can be instructive in some of the conditions noted earlier. 
The T

3
 resin uptake determines the binding of radiolabeled 

T
3
 to a resin that competes with TBG for T

3
 binding within a 

serum sample. The binding capacity of TBG in the sample is 
inversely proportional to the amount of labeled T

3
 bound to 

the artificial resin. Therefore, a low T
3
 resin uptake indicates 

high TBG T
3
 receptor site availability, and implies high cir-

culating TBG levels and conversely a high T
3
 resin uptake 

denotes low TBG T
3
 receptor site availability and hence low 

circulating TBG levels.
The free T

4
 index (FTI) is obtained by multiplying the 

serum T
4
 concentration by the T

3
 resin uptake percentage, 

yielding an indirect estimate of the levels of free T
4
:

 T
3
RU% x T

4
 total = free T

4
 index 

A high T
3
RU indicates reduced TBG receptor site avail-

ability and high free T
4
 index and thus hyperthyroidism, 

whereas a low T
3
RU is a result of increased TBG receptor 

site binding and thus hypothyroidism. Equilibrium dialysis 
and ultrafiltration techniques may be used to directly deter-
mine the free T

4
. Free T

4
 and T

3
 may also be determined by 

radioimmunoassay and are commonly used to evaluate thy-
roid function.

Because levels of TSH are sensitive to high or low levels 
of circulating thyroid hormone, TSH levels are commonly 
used to screen for primary hyper- and hypo-thyroidism. The 
present TSH sandwich immunoassays are extremely sensi-
tive and are capable of differentiating low-normal from 
pathologic or iatrogenically subnormal values and eleva-
tions. Thus, TSH measurements provide the best single 
screen for thyroid dysfunction [17] and accurately predict 
thyroid hormone dysfunction in about 80% of cases.

During pregnancy, significant and reversible changes in 
thyroid physiology occur. First, there is a physiologic enlarge-
ment of the gland during pregnancy, which may prompt test-
ing of the TSH level. Second, there is an estrogen-mediated 
increase in circulating levels of thyroid-binding globulin. 
Third, a suppressive effect caused by the thyrotropic activities 
of human chorionic gonadotropin (hCG) which routinely 
suppresses TSH values near the end of the first trimester, but 
not exclusively during this period (Fig. 14.4) [18].

TGI

TSH 

TBII

TSI 

TSAb

Effect on
Target
Thyroid

Cell

Fig. 14.3 Effects of autoimmune injury found in Hashimoto’s  
thyroiditis depend on the algebraic sum of the activities of the various 
activities of the immunologic agents
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Fourth, there is a decline in the availability of iodide 
which is related to increased renal clearance and losses to the 
fetus and placenta. Fifth, until 10–12 weeks gestation, when 
the fetus acquires the ability to concentrate iodine and syn-
thesize thyroid hormones, all thyroid hormones are supplied 
by the mother. Thus, the normative range for TSH during 
pregnancy has been defined as <2.5, <3.1 and <3.5 mIU/ml 
in the first, second and third trimesters, respectively, to 
account for these physiologic changes (Fig. 14.5) [19]. This 
creates new standards for normal TSH ranges – the pregnant 
(<2.5, 3.1 and 3.5 mIU/ml for each trimester, respectively) 
and nonpregnant state (<4.5 mIU/ml).

14.1.4.2  Immunologic Abnormalities

Many antigen–antibody reactions affecting the thyroid gland 
are listed in Table 14.1. A breach in immune surveillance 
allows antibody production to thyroglobulin [7, 8]. The prev-
alence of thyroid autoantibodies in various autoimmune thy-
roid disorders is shown in Fig. 14.6.

Antibodies to thyroglobulin are restricted to one minor 
and two major epitopes. Antibodies are mainly noncomple-
ment-fixing immunoglobulin G (IgG) polyclonal antibodies 
[9]. Antithyroglobulin antibodies are found in patients with 
Hashimoto’s thyroiditis, Graves’ disease, acute thyroiditis, 

Fig. 14.4 The suppressive effect on TSH caused by the thyrotropic 
activities of human chorionic gonadotropin (hCG) which routinely sup-
presses TSH values near the end of the first trimester, but not exclu-

sively in this period. (Reprinted with permission from Glinoer D, 
Denayer P, Bourdoux P, et al Regulation of maternal thyroid during 
pregnancy. J Clin Endocrinol Mertab 1990; 71:276–87)
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Fig. 14.5 Median and 95% confidence intervals for TSH during preg-
nancy (Hong Kong). The blue bar shows the 2.5th percentile and the 
yellow bar the 97.5th percentile in each of the trimesters of pregnancy. 
The purple bar is the median TSH level during the three trimesters of 

pregnancy. The specific values for each bar are printed above their 
respective bar. (Reprinted with permission from Panesar NS, Li CY, 
Rogers MS. Reference intervals for thyroid hormones in pregnant 
Chinese women. Ann Clin Biochem 2001; 38:329–332)
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nontoxic goiter, and thyroid cancer. They also appear in  
normal women.

Antithyroid peroxidase antibodies (anti-TPO antibodies) 
previously referred to as anti-microsomal antibodies are 
directed against TPO and are found in Hashimoto’s thyroidi-
tis, Graves’ disease, and postpartum thyroiditis. The antibodies 
produced are characteristically cytotoxic, complement-fixing 
IgG antibodies. Anti-TPO antibodies correlate with the histo-
logic appearance of lymphocytic thyroiditis [20, 21]. These 
cytotoxic antibodies are directed against thyroid follicular 
cells ultimately leading to death, atrophy and hypothyroidis. 
These antibodies can cause artifacts in the measurement of 
thyroid hormone levels.

Another group of antibodies important in autoimmune 
thyroid disease binds the TSH receptor. These antibodies 
often create the signs and symptoms that lead to an evaluation. 
TSH receptor antibodies (TSHR-Ab or TRAb) are pathogenic 
and capable of activating or blocking TSH receptor functions. 
TSHR-Ab are detected using two approaches – competitive 

and functional assays. The competition between antibody 
and TSH for binding to the TSH receptor is the basis for the 
measurement of TSH-binding inhibitory immunoglobulin 
(TBII). The functional assay approach is on the basis of the 
status of the receptor induced by the antibody-receptor inter-
action. This functional assay measures the production and 
accumulation of cyclic AMP, thyroid hormone or thyroglobu-
lin secretion, or iodide uptake in thyroid epithelial cells or 
Chinese hamster ovary cells transfected with the human TSH 
receptor. While the competitive assay does not indicate any 
functional activity of the antibody, the functional assay iden-
tifies whether the antibody is agonistic (thyroid-stimulating 
antibody [TSAb] or antagonistic TSH stimulation–blocking 
antibody [TSBAb or TSHBAb]). Both types of antibodies 
may be present in the same patient, and the effect is the alge-
braic sum of the two levels of activity (agonistic and antago-
nistic) (Fig. 14.3).

TSAb or thyroid-stimulating immunoglobulin (TSI) acti-
vates the TSH receptor. Long-acting thyroid stimulators are 
monoclonal or limited polyclonal TSAb, which mimic TSH 
action. They are quantified by their ability to stimulate human 
thyroid cell cultures to produce cyclic adenosine monophos-
phate or to release T

3
.

TBII is detectable in two varieties, those that block TSH 
binding and those that block both pre- and postreceptor pro-
cesses. Several investigators have detected such blocking 
antibodies in patients with primary hypothyroidism who have 
atrophic thyroid glands [12, 13, 22]. The nomenclature and 
detection assay of TSH receptor antibodies are listed in 
Table 14.2.

The existence of thyroid growth-promoting immunoglobu-
lins (TGI) thought to stimulate growth but not hormone release, 
have been questioned [21, 23–31]. Their immunologic antag-
onists would be the TGI, have been questioned blocking 
antibodies that are  capable of inhibiting TSH-mediated 

Table 14.1 Origin and function of thyroid autoantigens

Antigen Location Function

Thyroglobulin 
(Tg)

Thyroid Thyroid hormone 
storage

Thyroid peroxi-
dase (TPO) 
(microsomal 
antigen)

Thyroid Transduction of 
signal from TSH

TSH receptor 
(TSHR)

Thyroid, lymphocytes, 
fibroblasts, adipocytes 
(including retroorbital)

Transduction of 
signal from TSH

Na+/I− symporter 
(NIS)

Thyroid, breast, salivary or 
lacrimal gland, gastric  
or colonic mucosa, 
thymus, pancreas

ATP-driven uptake 
of I– along with 
Na+

TSH thyroid-stimulating hormone, ATP adenosine triphosphate

Fig. 14.6 Prevalence of thyroid autoantibodies in the most common 
thyroid disorders. The vertical axis represents the percentage of each 
group with autoantibodies (general population, Hashimoto’s thyroidi-
tis, Graves disease. The horizontal axis lists the specific target of the 

autoantibodies: TG Thyroglobulin, TPO Thyroid peroxidase or 
microsomal antibody, TRAb Thyroid stimulating hormone receptor 
antibody, NA/I Sodium–Iodide symporter
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growth responses in patients who may have had thyroid dam-
age by immune destruction.

Antibodies to the NIS are prevalent in a number of thyroid 
conditions. Increased expression of NIS protein and NIS 
mRNA is found in patients with autonomous thyroid  
adenomas and in Graves’ disease. They are decreased in 
Hashimoto’s thyroiditis, cold nodules, and thyroid carcinoma.

14.1.4.3  Autoimmune Thyroid Disease

Autoimmune thyroid disorders commonly found in women, 
represent the combined effects of the multiple antibodies pro-
duced (Fig. 14.3) [32]. The various antigen–antibody reactions 
result in the wide clinical spectrum of these disorders. 
Transplacental transmission of some of these immunoglobu-
lins may also affect thyroid function in the fetus. The presence 
of autoimmune thyroid disorders, particularly Graves’ disease, 
is associated with other autoimmune conditions including: 
Hashimoto’s thyroiditis, Addison’s disease, premature ovarian 
failure, rheumatoid arthritis, Sjögren’s syndrome, diabetes 
mellitus (type I), vitiligo, pernicious anemia, myasthenia 
gravis, and idiopathic thrombocytopenic purpura.

Furthermore, a number of conditions are associated with 
the development of autoimmune thyroid disorders including: 
low birth weight, iodine excess and deficiency, selenium 
deficiency, parity, oral contraceptive use, reproductive age 
span, fetal microchimerism, stress, seasonal variation, 
allergy, smoking, radiation damage to the thyroid, as well as 
viral and bacterial infections [33].

Certain groups of individuals should have an assessment 
of thyroid function at least once. Such individuals include 
infertile and pregnant women [34]. Testing is also recom-
mended for women with atrial fibrillation, hyperemesis grav-
idarum, and hyperlipidemia. Periodic assessment of thyroid 
function is indicated in patients who receive amiodarone and 

lithium. Epidemiologists recommend that all women with 
diabetes be annually screened for thyroid dysfunction. 
Women with type 1 diabetes are three times more likely to 
experience postpartum thyroid dysfunction, and it is recom-
mended that all women with diabetes be screened with a 
TSH evaluation in their first trimester. Any woman with a 
history of postpartum thyroiditis should also be offered 
annual surveillance of thyroid function. Because there is a 
high prevalence of hypothyroidism in women with Turner 
and Down syndrome, an annual check of thyroid function is 
recommended. Periodic TSH screening in mature women is 
advisable.

Special Considerations in Pregnancy and Postpartum

Recently, the Endocrine Society published clinical practice 
guidelines regarding the management of thyroid dysfunction 
during pregnancy and postpartum. Hypothyroidism was 
defined as an elevated TSH with a low T

4
 (overt) and an ele-

vated TSH and normal T
4
 (subclinical) using TSH ranges on 

the basis of the unique physiologic changes associated with 
pregnancy [35]. In those guidelines, a number of the poten-
tial adverse effects on reproduction and the developing fetus 
were detailed (Table 14.3).

Because of these potential risks, targeted screening was 
recommended for the following individuals: history of thyroid 
disorder, family history of thyroid disease, goiter, thyroid 
auto-antibodies, clinical signs/symptoms of thyroid disease, 
autoimmune disorders, infertility, head and/or neck radiation, 
preterm delivery. The American College of Obstetricians and 
Gynecologists has previously accepted these conditions as 
criteria for TSH testing [36]. Due to: (1) potentially signifi-
cant adverse effects on the neurologic development of the 
fetus and other adverse pregnancy events; (2) the physiologic 
rise in TBG and the TSH-like activity of hCG in pregnancy, 

Table 14.2 Anti-TSH receptor antibody properties

Abbreviation Term Assay used Refers to

TBII TSH-binding inhibitory 
immunoglobulin

Competitive binding assays 
with TSH

Antibodies that are able to compete with TSH 
for TSH receptor binding, whether 
biologically active or not

LATS Long-acting thyroid stimulator In vivo assay of stimulation  
of mouse thyroid

Original description of the serum molecule 
capable of stimulation of mouse thyroid cells; 
no longer relevant

TSAb Thyroid-stimulating antibodies Bioassays of TSH receptor 
activation

TSH receptor- stimulating antibodies

TSBAb, TSHBAb TSH stimulation-blocking 
antibodies

Competition with TSH in 
bioassays of TSH receptor 
activation

Antibodies that block activation of the TSH 
receptor by TSH

TSHR-Ab, TRAb TSH receptor antibodies Multiple All antibodies that recognize the TSH receptor, 
blocking, stimulatory or biologically inactive

TSI Thyroid-stimulating 
immunoglobulins

As TSAb Identical to TSAb

TSH thyroid-stimulating hormone
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and: (3) the potential for the above groups to have overt or 
subclinical hypothyroidism defined by the a reference range 
for pregnancy (TSH < 2.5, 3.1 and 3.5 mIU/ml for the first, 
second and third trimesters, respectively), targeted maternal 
testing for hypothyroidism was encouraged (Fig. 14.5). The 
targeted screening regimen currently recommended, allows 
that 30% of subclinical hypothyroidism cases may be missed. 
Universal screening in pregnancy is not recommended at the 
present time. According to these recommendations, precon-
ceptionally diagnosed hypothyroid women (overt or subclin-
ical) should have their T

4
 dose adjusted such that the TSH 

value is <2.5 µU/ml before pregnancy. The T
4
 dosage in 

women on replacement will routinely require a dose escala-
tion at four to 6 weeks gestation in order to maintain a TSH 
value < 2.5 µU/ml. This adjustment may require a 30–50% 
increase in dosage. Pregnant women with overt hypothyroid-
ism should be normalized as rapidly as possible to maintain 
TSH at less than 2.5 and 3 µU/ml in the first and second/third 
trimesters, respectively. The TSH value may be reevaluated 
every 30–40 days after dosage adjustments. Euthyroid 
women with thyroid autoantibodies are at risk of hypothy-
roidism and should also have TSH screening in each trimester. 
After delivery, hypothyroid women need a reduction in T

4
 

dosage used during pregnancy. Because subclinical hypothy-
roidism has been shown to be associated with adverse outcomes 
for mother as well and fetus, T

4
 replacement is recommended.

14.1.4.4  Hashimoto’s Thyroiditis

Hashimoto’s thyroiditis or chronic lymphocytic thyroiditis, 
first described in 1912, can manifest as hyperthyroidism, 
hypothyroidism, euthyroid goiter, or diffuse goiter. High  
levels of antimicrosomal and antithyroglobulin antibody are 
usually present. Typically, glandular hypertrophy is found, 

but atrophic forms are also present. The composition of various 
antibodies (i.e., TBII, causing the atrophic form and congenital 
hypothyroidism in some neonates, and TGI, causing the goi-
trous variety) results in varied physical findings.

Three classic types of autoimmune injury are found in 
Hashimoto’s thyroiditis, (a) complement-mediated cytotox-
icity, (b) antibody-dependent cell-mediated cytotoxicity, and 
(c) stimulation or blockade of hormone receptors, which 
results in hypo- or hyperfunction or growth (Fig. 14.3). The 
clinical presentation depends on the sum and superiority of 
action of various antibodies possessing TSH stimulating or 
blocking properties.

Histologically, Hashimoto’s thyroiditis demonstrates cellular 
hyperplasia, disruption of follicular cells, and infiltration 
of the gland by lymphocytes, monocytes, and plasma cells. 
Cervical lymphadenopathy may also be noted. Some epithe-
lial cells are enlarged and demonstrate oxyphilic changes 
in the cytoplasm (Askanazy cells or Hürthle cells, which 
are not specific to this disorder). Interstitial cells show 
fibrosis and lymphocytic infiltration. Graves’ disease and 
Hashimoto’s thyroiditis may cause very similar histologic 
findings manifested by a similar mechanism of action. 
Most patients with Hashimoto’s thyroiditis and about 
two-thirds of patients with Graves’ disease have sera 
demonstrating antibody-dependent cell-mediated cytotoxicity. 
Thyroid antibody positivity is detected in 16.8% of the 
white U.S. female population and in 10.2% of men [37]. 
Within the classification of hypothyroidism, overt hypothy-
roidism, defined by an elevated TSH and low T

4
, is found 

in 0.3–0.5% of the population. Subclinical hypothyroidism, 
defined by an elevated TSH and normal T

4
 is found in 2–3% 

of the population. It should be remembered that women 
with a diagnosis of Hashimoto’s thyroiditis who presently 
are or who are seeking pregnancy should have their thyroxine 
dose adjusted to keep the TSH < 2.5 µU/ml.

Clinical Characteristics and Diagnosis of Hashimoto’s 
Thyroiditis

Most patients with Hashimoto’s thyroiditis are relatively 
asymptomatic with painless goiter and hypothyroidism. The 
goiter may involve the pyramidal lobe. As the condition 
evolves from thyroiditis to cell death and atrophy, hypothy-
roidism can be found without a goiter. Notable manifestations 
of hypothyroidism include cold intolerance, constipation, 
carotene deposition in the periorbital region, carpal tunnel 
syndrome, dry skin, fatigue, hair loss, lethargy, and weight 
gain. Hashitoxicosis, the early hyperthyroid manifestation of 
Hashimoto’s thyroiditis, may represent a variant of Graves’ 
disease. This form is estimated to occur in 4–8% of patients 
with Hashimoto’s thyroiditis. These patients often become 
hypothyroid.

Table 14.3 Adverse and documented effects of hypothyroidism on 
reproduction

• Subfertility (Abalovich M. Thyroid 2002; 12:63–8)
• Miscarriage in TPO Ab+ (Negro R. JCEM 2006; 91:2587–91)
• Anemia (Davis LE. Obstet Gynecol 1988; 72:108–12)
• Gestational hypertension (Leung AS. Obstet Gynecol 1993; 

81:349–53
• Abruption (Davis LE. Obstet Gynecol 1988; 72:108–12)
• Postpartum hemorrhage (Davis LE. Obstet Gynecol 1988; 

72:108–12)
• Preterm delivery (Negro R. JCEM 2006; 91:2587–91)
• Impaired neuropsychological development
– Lower IQ by 7 pts in untreated hypothyroid (Haddow JE. NEJM 

1999; 341:549–55)
– Mild reduction in global intelligence inversely correlated with 3rd 

trimester TSH (Rovet JF. Thyroid 14:710)
– Iodine deficiency and deficit in IQ, ADHD (Vermiglio F. JCEM 

2004; 89:6054–60)
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In many cases, an elevated serum level of TSH is noted 
during routine screening. Elevated serum antithyroglobulin 
and antimicrosomal antibody elevation confirm the diagnosis. 
The sedimentation rate may be elevated, depending on the 
time of recognition. Other causes of hypothyroidism should 
be considered as listed in Table 14.4.

Women with an elevated serum TSH and positive thyroid 
antibody tests have a 5% annual risk for overt hypothyroid-
ism [32]. If the serum TSH alone is elevated, without positive 
thyroid antibody titers, the annual risk for hypothyroidism 
drops to less than 3% per year. In those seeking pregnancy, 
the recent guidelines encourage treatment to maintain the 
TSH level < 2.5 mIU/ml.

Treatment

Thyroxine replacement is initiated in patients with symp-
tomatic hypothyroidism, patients who have a goiter that is 
cosmetically or physically bothersome and are subclinically 
hypothyroid, and patients who are subclinically or overtly 
hypothyroid and attempting pregnancy. Regression of gland 
size usually does not occur, but treatment prevents further 
hypertrophy. All pregnant patients with an elevated TSH 
level should be treated with levothyroxine. Treatment does 
not slow progression of the disease. Replacement therapy is 
monitored by TSH determinations approximately six weeks 
after a change in dose. Aluminum hydroxide (antacids), 
cholestyramine, iron, and sucralfate may interfere with 
absorption. The half-life of levothyroxine is nearly 7 days; 
therefore, nearly six weeks of treatment are necessary before 
the effects of a dose change can be evaluated.

Hypothyroidism appears to be associated with decreased 
fertility resulting from ovulatory difficulties and possibly 
with spontaneous abortion [38–41]. A meta-analysis of 
case-control and longitudinal studies performed since 1990 
reveals a possible association between miscarriage and  
thyroid antibodies with an odds ratio of 2.73 (2.20–3.40, 
95% confidence interval). This association may be explained 
by a heightened autoimmune state affecting the fetal allograft, 

or, alternatively, a slightly higher age of women with antibodies 
when compared with those without (0.7 ± 1 year, p < 0.001) [33]. 
Studies also suggest that early subclinical hypothyroidism 
may be associated with menorrhagia [42].

Severe primary hypothyroidism is associated with amen-
orrhea or anovulation [43, 44]. Enhanced sensitivity of the 
prolactin-secreting cells to thyrotropin-releasing hormone 
(TRH) and defective dopamine turnover resulting in hyper-
prolactinemia associated with a deficiency of thyroid hormone 
are the apparent explanations for the hyperprolactinemia 
[45–48]. Hyperprolactinemia-induced luteal phase defects 
also are associated with less severe forms of hypothyroidism 
[49, 50]. Replacement therapy appears to reverse hyperpro-
lactinemia and correct ovulatory defects [51, 52].

Combined thyroxine and triiodothyronine therapy is not 
better than thyroxine therapy alone [53]. In patients with 
Hashimotos’ thyroiditis and subclinical hypothyroidism, a 
daily dose of 0.025–0.075 mg of levothyroxine will usually 
normalize TSH values.

Treatment is recommended in light of the potential adverse 
effects on reproduction (Table 14.3). To avoid maternal hypo-
thyroidism, targeted screening should be employed, recog-
nizing that in using this strategy 30% of cases of subclinical 
hypothyroidism will be missed. Targeted screening should 
occur in individuals with:

Autoimmune disorders• 
Clinical signs/symptoms of thyroid disease• 
Family history of thyroid disease• 
Goiter• 
Head and Neck radiation• 
History of thyroid disorder• 
Infertility• 
Thyroid autoantibodies• 
Preterm Delivery• 

14.1.4.5  Graves’ Disease

Graves’ disease, identified in 1835 is characterized by 
exophthalmos, goiter, and hyperthyroidism. A heritable 
defect in immunosurveillance by suppressor T lymphocytes 
is believed to result in the development of a helper T-cell 
population that reacts to multiple epitopes of the thyrotropin 
receptor and induces a B-cell–mediated response, resulting 
in the features of Graves’ disease. The generic thyroid stimu-
lating antibodies (TSHR-Ab) bind to conformational epitopes 
in the extracellular domain of the thyrotropin receptor and 
are detected in the serum of 90% of patients with Graves’ 
disease (Fig. 14.6). The epitopes make up discontinuous 
areas that overlap the thyrotropin binding site. Human leuko-
cyte antigen (HLA) class II antigens DR, DP, DQ, and DS 
can present antigens to T cells and are expressed on thyroid 
epithelial cells. Antibodies to the TSH receptor (TSHR-Ab) 

Table 14.4 Etiologies of hypothyroidism

Primary
Congenital absence of thyroid gland
External thyroid gland irradiation
Familial disorders and thyroxine synthesis
Hashimoto’s thyroiditis
Iodine-131 ablation for Graves’ disease
Ingestion of antithyroid drugs
Iodine deficiency
Idiopathic myxedema (autoimmune)
Surgical removal of thyroid gland
Secondary
Hypothalamic thyrotropin-releasing hormone deficiency
Pituitary or hypothalamic tumors or disease
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are produced when the immunogen, TSH receptor, is presented 
to helper T lymphocytes with the D locus antigens [54].

The class II antigens remain a focus of the genetic suscep-
tibility to autoimmune thyroiditis [55]. The clinical use of 
interferon-a has been associated with the development of 
autoimmune thyroid disease [56]. Graves’ disease is a 
complex autoimmune disorder in which several genetic sus-
ceptibility loci and environmental factors seem to play a role 
in the development of the disease. HLA and the CTLA-4 
gene region have been established as susceptibility loci; 
however, the magnitude of their contributions seems to vary 
among patient populations and study groups. Additional loci 
are likely to be identified by a combination of genome-wide 
linkage analyses and allelic association analyses of candidate 
genes. The rate of concordance for Graves’ disease is only 
20% in monozygotic twins and even lower in dizygotic twins 
suggestive of a multifactorial inheritance pattern that is influ-
enced by enviromental factors. Graves’ disease is associated 
with polymorphisms of the cytotoxic T-lymphocyte antigen 
4 (CTLA-4) gene in several populations. Linkage analysis 
has identified loci on chromosomes 14q31, 20q11.2, and Xq21 
that are associated with susceptibility to Graves’ disease [11].

Clinical Characteristics and Diagnosis

The patient with the classic diagnostic triad of exophthalmos, 
goiter, and hyperthyroidism in Graves’ Disease confirms many 
of the symptoms of hyperthyroidism when asked: frequent 
bowel movements, heat intolerance, irritability, nervousness, 
palpitations or tachycardia, tremor, weight loss, and lower 
extremity swelling. Additional physical findings include lid 
lag, nontender thyroid enlargement (2–4-times normal), ony-
cholysis, palmar erythema, proptosis, staring gaze, and thick 
skin. A cervical venous bruit and tachycardia are usually noted. 
A diagnostic clue includes a tachycardia does not respond to 
increased vagal tone produced with a Valsalva maneuver. 
Severe cases may demonstrate acropachy, chemosis, clubbing, 
dermopathy, exophthalmos with ophthalmoplegia, follicular 
conjunctivitis, pretibial myxedema, and vision loss.

Approximately 40% of patients with new onset of Graves’ 
disease and many of those who have received treatment have 
elevated free T

3
 and normal T

4
 levels. Therefore, assessment 

of free T
4
, free T

3
, and TSH values is required. The TSH 

levels are suppressed, and levels may remain undetectable 
even for some time even after the initiation of treatment. 
TSH measurements are useful in evaluating medical treat-
ment, prognosis, and anticipating fetal complications such as 
neonatal thyrotoxicosis. Autonomously functioning, benign 
thyroid neoplasias that exhibit a similar clinical picture 
include toxic adenomas and toxic multinodular goiter. Very 
rare conditions causing thyrotoxicosis include hCG-secreting 
choriocarcinoma, TSH-secreting pituitary adenomas, and 
struma ovarii. Factitious ingestion of thyroxine or desiccated 

thyroid must be considered in patients with eating disorders. 
Other potential causes of hyperthyroidism are listed in 
Table 14.5. Smoking appears to be an independent risk factor 
for relapse after medical therapy and this should be consid-
ered when planning treatment.

Treatment

Iodine-131 Ablation

Treatment of women with hyperthyroidism of an autoimmune 
origin presents unique challenges to the physician who must 
consider the patient’s needs and her reproductive plans. 
Because the drugs used to treat this disorder have potentially 
harmful effects on the fetus, special attention must be given 
to the use of contraception and the potential for pregnancy.

A single dose of radioactive iodine-131 (131I) is an effective 
cure in about 80% of cases and is the most commonly used 
definitive treatment in nonpregnant women. Any woman of 
childbearing age should be tested for pregnancy before 
undergoing diagnostic or therapeutic administration of 131I. 
Ablation of a second-trimester fetal thyroid gland and con-
genital hypothyroidism (cretinism) from treatment during 
the first trimester have been reported [57, 58]. Nuclear medi-
cine professionals provide expertise in the administration of 
the radioactive isotope, and the endocrinologist continues to 
provide suppressive medical treatment for six to 12 weeks 
after administration of 131I. Postablative hypothyroidism 
develops in 50% of patients within the first year after 131I 
therapy and in more than 2% of patients per year thereafter.

Higher rates of miscarriage have been noted in women 
who received 131I therapy in the year preceeding pregnancy 
but no reported increased rate in stillbirths, preterm birth, 
low birth weight, congenital malformation or death after 
therapy [59]. Many thyroidologists and nuclear medicine 
specialists ascribe the higher rates of miscarriage to unrecog-
nized post 131I induced hypothyroidism and are now more 
willing to allow pregnancy earlier than 1 year after therapy if 
patients are appropriately replaced with levothyroxine. 131I 
therapy contraindicated while breastfeeding.

Table 14.5 Etiologies of hyperthyroidism

Factitious hyperthyroidism
Graves’ disease
Metastatic follicular cancer
Pituitary hyperthyroidism
Postpartum thyroiditis
Silent hyperthyroidism (low radioiodine uptake)
Struma ovarii
Subacute thyroiditis
Toxic multinodular goiter
Toxic nodule
Tumors secreting human chorionic gonadotropin (molar pregnancy, 

choriocarcinoma)
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Thyroid-stimulating Receptor Antibody in Graves’  
Disease-Treatment Correlates

The level of TSHR-Ab (TBII) parallels the degree of 
hyperthyroidism as assessed by the serum levels of thyroid 
hormones and total thyroid volume. Studies suggest that the 
combination of a small goiter volume (<40 ml) and a low 
TBII level (<30 units/L) results in a 45% chance of remis-
sion during the 5 years after completion of a 12–24-month 
course of antithyroid drug therapy [57]. In contrast, the 
overall rate of relapse exceeds 70% in patients with a large 
goiter volume (>70 ml) and a higher TBII level (>30 units/L). 
Thus, the subgroup of patients with larger goiters and 
higher TBII levels had less than a 10% chance to remain in 
remission in the 5 years after treatment. Therefore, 
although it is not necessary for the diagnosis of Graves’ 
disease, except in some cases of multinodular goiter, a 
TSHR-Ab measurement may be a useful marker of disease 
severity and, in combination with other clinical factors, 
may contribute to the initial decisions regarding treatment. 
See Table 14.2 to review the nomenclature and assay meth-
ods for TSHR-Ab.

TSHR-Ab measurements (TBII) during treatment with 
antithyroid drugs also are predictive of subsequent outcome. 
In one series, 73% of TBII-negative patients had remission 
when compared with only 28% of TBII-positive patients who 
had achieved remission after 12 months of antithyroid drug 
therapy [58]. Furthermore, the duration of a course of antithy-
roid drug therapy can be modified according to the TSHR-Ab 
status. In patients whose TSHR-Ab status became negative 
and antithyroid drug therapy was discontinued, the relapse rate 
was 41% when compared with a rate of 92% for those patients 
who remained TSHR-Ab positive [60]. Regardless of the 
rapidity of the disappearance of TSHR-Ab, it does seem that 
antithyroid drug therapy should be maintained for nine to 12 
months to minimize the risk of relapse. TSHR-Ab status also 
appears to determine in an inverse relationship the reduction in 
thyroid volume after radioactive iodine therapy.

Recently, a second generation assay has been developed 
for assessment of TSHR-Ab using recombinant human TSH 
receptor [61]. This new assay has nearly 100% sensitivity 
and specificity in the diagnosis of Graves’ disease. Its utility 
in monitoring treatment is being evaluated. Many patients 
with Graves’ disease have or will develop antineutrophil 
cytoplasmic antibodies (ANCA), but the significance of this 
finding is still under study.

Antithyroid Drugs

Antithyroid drugs of the thioamide class include propylth-
iouracil (PTU) and methimazole. Low doses of either agent 
blocks the secondary coupling reactions that form T

3
 and T

4
 

from MIT and DIT. At higher doses, they also block iodination 

of tyrosyl residues in thyroglobulin. PTU additionally blocks 
the peripheral coversion of T

4
 to T3. Approximately one-third 

of patients treated by this modality alone go into remission 
and become euthyroid [57].

PTU causes a reduction of hyperthyroid symptoms at a 
dose of 100 mg taken every 8 h over 1 month. Adequate  
control of thyrotoxic symptoms may require considerably 
higher doses. PTU blocks the intrathyroid synthesis of T

3
 

and the peripheral conversion of T
4
 to T

3
 but does not cross 

the placenta as easily as methimazole, and therefore is the 
drug of choice during pregnancy. Drug efficacy is monitored 
weekly by evaluation of pulse, appetite, emotional liability, 
insomnia, and tremor. A general rule is to lower the dosage 
by 50% when thyroid function returns to normal, which  
frequently correlates with the return to a normal heart rate 
and, subsequently, normalization of TSH levels. Thyroxine 
is usually the first value to become normal.

Pruritus affects 3–5% of treated patients. Serious adverse 
reactions include agranulocytosis (occurring one to 2 months 
after therapy in 0.02%) and a generalized drug eruption 
accompanied by arthralgia, fever, and sore throat. A complete 
blood count determination is performed if the patient develops 
an upper respiratory tract infection. If adverse reactions 
occur, methimazole may be used.

Methimazole (10 mg) is given every eight to 24 h. Its dosage 
is reduced, as with PTU. It is not the drug of choice in preg-
nant women because it does not block peripheral conversion 
and crosses the placenta more readily than PTU. Its use in 
pregnancy is associated in some instances with the develop-
ment of characteristic skin lesions in the fetus, aplasia cutis 
congenita. It does, however, have fewer adverse reactions, a 
longer dosing interval, and a lower cost than PTU; therefore, 
it is most often prescribed in nonpregnant women.

Other medical therapies include iodide and lithium, both 
of which reduce thyroid hormone release and inhibit the 
organification of iodine. Iodide also leads to the secondary 
coupling of T

3
 and T

4
. These medications are rarely used in 

women of reproductive age because of their risks to the fetal 
thyroid and to fetal development (iodine causes congenital 
goiter; lithium is associated with Ebstein’s anomaly).

Surgery

A subtotal thyroidectomy is less commonly used primarily 
but is used routinely if medical treatment fails or if a patient 
is hypersensitive to medical therapy. Surgery is the most 
rapid and consistent method of achieving a euthyroid state in 
Graves’ disease and avoids the possible long-term risks of 
radioactive iodine. Children, young women, pregnant 
women, and patients with coexistent thyroid nodules are 
potential candidates for thyroidectomy. It is felt to be the 
treatment of choice for a patient with significant Graves’ 
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ophthalmology. Patients should be rendered euthyroid before 
a thyroidectomy. The risks of surgery include postoperative 
hypoparathyroidism, recurrent laryngeal nerve paralysis, 
routine anesthetic and surgical risks, hypothyroidism, and 
failure to relieve thyrotoxicosis.

b-Blockers

Propranolol is occasionally used prior to surgery in patients 
who prove to be hypersensitive to other medical therapy and 
to provide symptomatic relief while awaiting a reduction in 
T

4
 caused by PTU or methimazole.

14.1.4.6  Thyroid Storm

In severe hyperthyroidism, physiologic stress, including 
childbirth, systemic infection, or surgery may provoke a life 
threatening spectrum of symptoms. These include diarrhea, 
vomiting, and fever, with associated dehydration, as well as 
altered mental status that may proceed to coma. Patients with 
poorly controlled hyperthyroidism are most susceptible. Beta 
blockers, glucorticoids, PTU (the action of which includes 
inhibition T4-T3 conversion), and iodides are key elements 
of therapy for this life-threatening state.

14.1.4.7  Hyperthyroidism in Gestational 
Trophoblastic Disease and Hyperemesis 
Gravidarum

Because of the weak TSH-like activity of hCG, conditions 
with high levels of hCG such as molar pregnancy may be 
associated with biochemical, and clinical hyperthyroidism. 
Symptoms regress with removal of the abnormal trophoblas-
tic tissue and resolution of the elevated levels of hCG. In a 
similar fashion, when hyperemesis gravidarum is associated 
with high levels of hCG, mild biochemical and clinical fea-
tures of hyperthyroidism may be seen [62, 63].

14.1.4.8  Thyroid Function in Pregnancy

High levels of hCG at the end of the first trimester are suffi-
cient to contribute to the thyrotropic effects of TSH and TSH 
levels show transient depression because of this phenomenon 
resulting in the recent guidelines from the Endocrine Society. 
Thyroid hormone requirements in pregnancy increase moder-
ately. Patients depending on replacement thyroid hormone 
require monitoring for often needed increases in thyroid hor-
mone replacement (estimated at 30–50%) in pregnancy com-
mencing in the first weeks of pregnancy. Evidence suggests 

that optimal fetal and infant neurodevelopmental outcomes 
require careful titration of replacement thyroxine that addresses 
the frequently increased requirements of pregnancy [64, 65].

14.1.4.9  Reproductive Effects of Hyperthyroidism

High levels of TSHR-Ab in women with Graves’ disease have 
been associated with fetal-neonatal hyperthyroidism [66, 67]. 
Despite both the inhibition and elevation of gonadotropins 
seen in thyrotoxicosis [68], most women remain ovulatory 
and fertile [69]. Severe thyrotoxicosis can result in weight 
loss, menstrual cycle irregularities, and amenorrhea. An 
increased risk of spontaneous abortion is noted in women 
with thyrotoxicosis. In the offspring of women treated with 
methimazole, an increased incidence of congenital anoma-
lies, particularly apalsia cutis is noted in their offspring [70].

Autoimmune hyperthyroid Graves’ disease may improve 
spontaneously, in which case antithyroid drug therapy may 
be reduced or stopped. Nevertheless, TSHR-Ab produc-
tion may persist for several years after radical radioactive 
iodine therapy or surgical treatment for hyperthyroid 
Graves’ disease. Thus, there is a risk of exposing a fetus to 
TSHR-Ab in all patients who have ever carried this diag-
nosis. Fetal-neonatal hyperthyroidism is observed in 
2–10% of pregnancies occurring in mothers with a current 
or previous diagnosis of Graves’ disease, secondary to the 
transplacental passage of maternal TSHR-Ab. This is a 
serious condition with a 16% neonatal mortality rate as 
well as a risk of intrauterine fetal death, stillbirth, and skeletal 
developmental abnormalities such as craniosynostosis. 
Caution against overtreatment with antithyroid medication 
is also warranted as these may cross the placenta in sufficient 
quantities to induce fetal goiter. Guidelines for TSHR-Ab 
testing during pregnancy in women with previously treated 
Graves’ disease are found in Table 14.6.

Fetal goiters and the associated fetal hypo- or hyperthyroid 
status have been diagnosed accurately in mother’s with 
Graves’ disease using a combination of fetal ultrasound of the 
thyroid with Doppler assessing for goiter, fetal heart rate and 
cardiac function, bone maturation, and maternal TSHR-Ab 
and antithyroid drug status [71]. A number of pregnancy 
complications have been reported in Graves’ disease including 
preeclampsia [11, 72, 73], intrauterine growth retatardation 
and low birth weight [74], and preterm delivery [72].

Postpartum Thyroid Dysfunction

This clinical entity is more common than recognized; its 
symptoms appear one to eight months postpartum and are 
often confused with postpartum depression and difficulties 
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adjusting to the demands of the neonate and infant. Following 
are criteria for the diagnosis of postpartum thyroiditis: (a) no 
history of thyroid hormonal abnormalities either before or 
during pregnancy, (b) documented abnormal TSH level 
(either depressed or elevated) during the first year postpar-
tum, and (c) absence of a positive TSH-receptor antibody 
titer (Graves’ disease) or a toxic nodule. Amino and others, 
who alerted clinicians to this condition, documented an inci-
dence of approximately 5% in their population [75]. A num-
ber of studies now describe clinical and biochemical evidence 
of postpartum thyroid dysfunction in 5–10% of new mothers 
[76]. These women have a 25–30% chance of becoming per-
manently hypothyroid.

Histologically, lymphocytic infiltration and inflammation 
are found. Antimicrosomal antibodies are also found in this 
disorder [77, 78]. Women who are at greatest risk of devel-
oping this disorder are those with a personal or family his-
tory of the disorder, those with an autoimmune thyroid 
disorder, or those with an autoimmune disease.

Clinical Characteristics and Diagnosis

Postpartum thyroiditis begins with a transient hyperthyroid 
phase between 6 weeks and 6 months postpartum followed 
by a hypothyroid phase in nearly one quarter of the cases, while 
one-third have either hyperthyroidism or hypothyroidism alone. 

Individuals with type 1 diabetes are three times more likely 
to develop postpartum thyroiditis. Women with a history of 
postpartum thyroiditis in a previous pregnancy have nearly a 
70% chance of recurrence in a subsequent pregnancy. 
Numerous case reports demonstrate a possible association 
between postpartum thyroiditis and other autoimmune disor-
ders. The rebounding immune system in the postpartum state 
with the presence of thyroid autoantibodies may explain the 
timing of the onset. Postpartum thyroid dysfunction should 
be considered in all women with postpartum psychosis. The 
thyrotoxic phase may be subclinical and overlooked in iodine 
insufficient areas [79]. Those with the hyperthyroidism due 
to postpartum thyroiditis have a low level of radioactive iso-
tope uptake, in contrast to those with Graves disease. The 
absence of thyroid tenderness, pain, fever, elevated sedimen-
tation rate, and leukocytosis helps to rule out subacute thy-
roiditis (de Quervain thyroiditis).

Treatment

Most patients are diagnosed during the hypothyroid phase 
and require 6–12 months of T

4
 replacement. Nearly 30% of 

women develop permanent hypothyroidism, TSH should be 
evaluated following discontinuation of replacement therapy. 
Rarely, patients are diagnosed during the hyperthyroid phase 
[80]. Antithyroid medications are not routinely used for these 

Table 14.6 Guidelines for TSHR-Ab testing during pregnancy with previously treated Graves’ disease

1. Women with previous Graves’ disease treated with ATD and maintaining remission, have a minimal risk for fetal-neonatal hyperthyroidism, and 
some feel systematic measurement of TSHR-Ab is not necessary. Thyroid function should be evaluated during pregnancy to detect a 
possible recurrence. If noted, TSHR-Ab testing is mandatory.

2. Women with antecedent Graves’ disease previously treated with radioiodine or thyroidectomy, regardless of their present thyroid status 
(euthyroidism with or without thyroxine substitution), should have TSHR-Ab measurement to evaluate the risk for fetal hyperthyroidism. If 
the TSHR-Ab level is high, careful monitoring of the fetus is mandatory for the early detection of signs of thyroid overstimulation 
(tachycardia, impaired growth rate, oligohydramnios, goiter). Cardiac echography and measurement of circulatory velocity may 
confirm fetal hyperthyroidism. Ultrasonographic size measurements of the fetal thyroid are defined from 20 weeks gestational age. 
Color Doppler ultrasonography is helpful in evaluating thyroid hypervascularity. Because of the risk of fetal-neonatal hyperthyroid 
cardiac insufficiency and the inability to measure the degree of thyroid stimulation in the mother due to previous thyroid ablation, 
cordocentesis can be considered . This procedure, at 25–27 weeks gestation, has less than a 1% adverse events rate (fetal bleeding, 
bradycardia, infection, spontaneous abortion, in utero death). Maternal ATD administration is effective in treating fetal 
hyperthyroidism.

3. Women with concurrent hyperthyroid Graves’ disease, regardless of whether it has preceded the onset of pregnancy, should have ATD 
treatment monitored and adjusted to keep the free T

4
 in the high-normal range. This prevents fetal hypothyroidism. TSHR-Ab should be 

measured in each trimester, especially if the required ATD dosage is high. If the TSHR-Ab assay is negative or the level low, fetal-
neonatal hyperthyroidism is rare. If antibody levels are high (TBII ³ 40 U/L or TSAb ³ 300%), fetal ultrasound to detect hyperthyroid-
ism is required. In this situation, there is usually a good correlation between maternal and fetal thyroid function such that monitoring 
the ATD dosage based on the mother’s thyroid status is appropriate. In cases where a high dose of ATD (>300 mg/d of propylthiouracil 
[PTU] or >20 mg/d of methimazole) is necessary, there is a risk of goitrous hypothyroidism in the fetus which could be indistinguish-
able from goitrous Graves’ disease. The correct diagnosis relies on the assay of fetal thyroid hormones and TSH by cordocentesis.

4. In any woman who has previously given birth to a newborn with hyperthyroidism, a TSHR-Ab assay should be performed early in the 
course of pregnancy and in each trimester.

ATD autoimmune thyroid disease, TSHR-Ab thyroid-stimulating hormone receptor antibodies, TBII TSH-binding inhibitory immunoglobulin, 
TSAb thyroid-stimulating antibody, T

4
 thyroxine
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women. Propranolol may be used for symptomatic relief. 
Approximately two-thirds of these patients return to a euthy-
roid state, and one-third remain hypothyroid.

14.1.4.10  Antithyroid Antibodies and Disorders  
of Reproduction

Women who have antithyroid autoantibodies before and after 
conception appear to be at an increased risk for spontaneous 
abortion [81, 82]. Nonorgan-specific antibody production 
and pregnancy loss are documented in cases of antiphospho-
lipid abnormalities [83]. The co-occurrence of organ-specific 
thyroid antibodies and nonorgan-specific autoantibody pro-
duction is recognized [83–85], and in the case of recurrent 
pregnancy loss, thyroid autoantibodies may serve as periph-
eral markers of abnormal T-cell function and a potential 
cause of reproductive failure [86].

14.1.4.11  Thyroid Nodules

Thyroid nodules are occasionally noted on physical exami-
nation and are demonstrated by ultrasonography in more 
than 50% of patients [87]. Clinical and laboratory evalua-
tions should be applied to distinguish functional from non-
functional nodules, which are occasionally malignant. For 
nonfunctional “cold” nodules, fine-needle biopsy and aspira-
tion are required to rule out malignancy. In the case of inde-
terminate aspirates, 2–20% are malignant; therefore, surgical 
biopsy is often indicated [88].

14.1.4.12  Gonadal Dysgenesis and Down Syndrome

Patients with gonadal dysgenesis (Turner syndrome, and 
other forms of hypergonadotropic hypogonadism associated 
with abnormalities of the second sex chromosome) exhibit a 
high prevalence of autoimmune thyroid disorders. Around 
50% of adult patients with Turner syndrome have antithyroid 
peroxidase (anti-TPO) and antithyroglobulin (anti-TG) 
autoantibodies. Nearly 30% of antithyroid antibody positive, 
Turner patients will develop subclinical or clinical hypothy-
roidism. The disorder is indistinguishable from Hashimoto’s 
thyroiditis. A susceptibility locus for Graves’ disease is also 
noted on chromosome X [89].

Down syndrome, caused by an extra chromosome 21, is 
characterized by an atypical body habitus, mental retarda-
tion, cardiac malformations, an increased risk for leukemia, 
and a reduced life expectancy. The extra chromosome is 
almost always of maternal origin. Autoimmune thyroid dis-
orders are more common in patients with Down syndrome 
than in the general population. The gene for autoimmune 

polyglandular syndrome I (APECED) has been mapped to 
chromosome 21 and is thought to be a transcription factor 
involved in immune regulation (AIRE) and may play a role 
in the development of autoimmune thyroid disease in these 
patients [90]. Hashimoto’s thyroiditis is the most common 
abnormality in Down syndrome. Hypothyroidism develops 
in as many as 50% of patients over age 40 with Down syn-
drome. These clinical syndromes and other evidence suggest 
part of the genetic susceptibility to Hashimoto’s thyroiditis 
may reside on chromosomes X and 21.

14.2  Prolactin Disorders

Prolactin was first identified as a product of the anterior pitu-
itary in 1933 [91] and later as a hormone in 1971. The activi-
ties attributed to human prolactin (hPRL) were defined by 
the separation of its activity from growth hormone [92] and 
subsequently by the development of radioimmunoassays [93, 
94]. Although the initiation and maintenance of lactation is 
the most visible function of prolactin, many studies have 
documented roles for prolactin activity both within and 
beyond the reproductive system.

14.2.1  Prolactin Secretion

Human prolactin has 199 amino acids, with a molecular 
weight (MW) of 23,000 daltons. While human growth hor-
mone and placental lactogen have significant lactogenic 
activity, there is only 16% and 13% amino acid sequence 
homology with prolactin, respectively. A single gene on 
chromosome 6 encodes prolactin. The prolactin gene (10 kb) 
has five exons and four introns and its transcription is regu-
lated in the pituitary by a proximal promotor region and in 
extrapituitary locations by a more upstream promotor [95].

Humans release three forms of prolactin, a monomer, a 
dimer, and a multimeric species, called little, big, and big-
big prolactin, respectively [96–98]. Big and Big-big prolac-
tin are degraded to the monomeric form by reducing disulfide 
bonds [99]. The heterogeneity of secreted forms vary with 
physiologic, pathologic, and hormonal stimulation [99–102]. 
Little prolactin (MW 23,000 daltons) represents greater than 
50% of all prolactin production and is the most responsive to 
extrapituitary stimulation or suppression [99, 101, 102]. 
Clinical assays for prolactin measure the “little” prolactin. 
Prolactin, growth hormone, placental lactogen, gonadotro-
pins and TSH do not require glycosylation for their primary 
activities. Glycosylated forms are secreted, and glycosyla-
tion does affect the bioactivity and immunoreactivity of little 
prolactin [103–106]. The glycosylated form is the predominant 
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species secreted, while the most potent is the 23,000-dalton 
nonglycosylated form of prolactin [105]. Prolactin has over 
300 known biological activities. Prolactin’s activities include 
those associated with repoduction: lactation, luteal function, 
reproductive behavior; and homeostasis: immune responsiv-
ity, osomoregulation, and agiogenesis [107]. Despite these 
many activities, the only known disorder associated with a 
deficiency of prolactin secretion is inability to lactate.

Contrary to other anterior pituitary hormones, which are 
controlled by hypothalamic-releasing factors, prolactin 
secretion is primarily under inhibitory control mediated by 
dopamine. Dopamine, a product of tuberoinfundibular dop-
aminergic neurons tranmitted to portal hypophyseal vessels, 
is the primary prolactin-inhibiting factor. Dopamine recep-
tors are present on pituitary lactotrophs [108], and treatment 
with dopamine or dopamine agonists suppress prolactin 
secretion [109–114]. The dopamine antagonist metaoclopr-
amide abolishes the pulsatility of prolactin release and 
subsequently increases serum prolactin levels [110, 111, 
115–119]. Pituitary mass lesions, or blockade of the dopamine 
receptor with antipsychotic, and other medications, increases 
serum prolactin levels. Excess thyrotropin releasing hormone 
(TRH) causes prolactin release, but does not appear to play 
an important modulatory role in the normal physiologic reg-
ulation of prolactin secretion. g-Aminobutyric acid (GABA) 
and other neurohormones and neurotransmitters also may 
function as prolactin-inhibiting factors (Table 14.7). Numerous 
hypothalamic polypeptides that modulate prolactin-releasing 
activity are listed in Table 14.7. Dopamine and TRH are con-
sidered primary neurohormones while others (neuropeptide Y, 
galanin and enkephalin) acts as modulators.

Table 14.7 Factors that modulate prolactin release as well as con-
ditions and medications that result in hyperprolactinemia

Inhibitory factors
g-Aminobutyric acid
Dopamine
Histidyl-proline diketopiperazine
Pyroglutamic acid
Somatostatin
Stimulatory factors
b-Endorphin
Enkephalins
17b-Estradiol
Gonadotropin-releasing hormone (GnRH)
Histamine
Serotonin
Substance P
Thyrotropin-releasing hormone (TRH)
Vasoactive intestinal peptide (VIP)
Physiologic conditions
Anesthesia
Empty sella syndrome

(continued)

Idiopathic
Intercourse
Newborns
Nipple stimulation
Pregnancy
Postpartum (nonnursing: days 1–7; nursing: with suckling)
Sleep
Stress (including physical examination)
Surgery on and disorders of the chest wall (burns, herpes, chest 

percussion)
Postpartum
Hypothalamic conditions
Arachnoid cyst
Craniopharyngioma
Cystic glioma
Cysticercosis
Dermoid cyst
Epidermoid cyst
Histiocytosis
Neurotuberculosis
Pineal tumors
Pseudotumor cerebri
Sarcoidosis
Suprasellar cysts
Tuberculosis
Pituitary conditions
Acromegaly
Addison’s disease
Craniopharyngioma
Cushing’s syndrome
Hypothyroidism
Histiocytosis
Lymphoid hypophysitis
Metastatic tumors from the lungs and breasts and others
Multiple endocrine neoplasia (MEN)
Nelson’s syndrome
Pituitary adenomas both microadenoma and macroadenomas
Post-oral contraception
Sarcoidosis
Thyrotropin-releasing hormone administration
Trauma to pituitary stalk
Tuberculosis
Metabolic dysfunction
Ectopic production (bronchogenic sarcoma, fibroid, hypernephroma)
Hepatic cirrhosis
Renal failure
Starvation refeeding
Medications resulting in hyperprolactinemia
a Methyldopa
Antidepressants ( amoxapine, imipramine, amitriptyline)
Cimetidine
Dopamine antagonists (phenothiazines, thioxanthenes, butyrophenone, 

diphenylbutylpiperidine, dibenzoxazepine, dihydroindolone, 
procainamide, metaclopramide)

Estrogen therapy
Opiates
Reserpine
Sulpiride
Verapamil

Table 14.7 (continued)
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The prolactin receptor is a class 1 cytokine receptor 
superfamily member and is encoded by a gene on chomosome 
5 [120]. Transcriptional regulation of the prolactin receptor 
is accomplished through three tissue specific promoter 
regions; promoter I for the gonads, promoter II for the liver, 
and III, a generic promoter which includes the mammary 
gland [121].

14.2.2  Hyperprolactinemia

Physiologic disturbances, pharmacologic agents or markedly 
compromised renal function may cause elevations in prolactin 
levels and transient elevations occur with acute stress or  
painful stimuli. Patients using antipsychotic medications, and 
patients using agents with antidopaminergic properties may 
exhibit moderately elevated prolactin levels. Drug-related and 
physiologic conditions resulting in hyperprolactinemia do not 
always require interventions to normalize prolactin levels.

14.2.2.1  Evaluation

Plasma levels of immunoreactive prolactin are 5–27 ng/ml 
during the normal menstrual cycle. Prolactin levels may be 
elevated early in the morning and after procedures. Prolactin 
is secreted in a pulsatile fashion with a pulse frequency 
ranging from about 9 to14 pulses per 24 h in the late luteal 
and follicular phases, respectively. Prolactin levels rise 1 h after 
the onset of sleep and continue to rise until peak values are 
reached between 5:00 and 7:00 a.m. [122, 123]. The pulse 
amplitude of prolactin appears to increase from early to 
late follicular and luteal phases [124–126].

Any single elevation of prolactin level should prompt a 
repeat evaluation. This sample should be drawn midmorning 
and not after stress, breast stimulation, physical examina-
tion, or venipuncture, all of which may increase prolactin 
levels.

When prolactin levels are found to be elevated, hypothy-
roidism and medications should first be ruled out as a cause. 
Prolactin and TSH determinations are basic evaluations in 
infertile women and hypogonadal males. Prolactin levels 
should be measured in the evaluation of amenorrhea, galac-
torrhea, amenorrhea with galactorrhea, hirsutism with 
amenorrhea, anovulatory bleeding, and delayed puberty. 
The workup of hyperprolactinemia is outlined in Fig. 14.7.

14.2.2.2  Physical Signs

Hyperprolactinemia may cause galactorrhea, anovulation 
causing amenorrhea, their combination, or no symptoms. 

Hyperprolactinemia causes amenorrhea without galactorrhea 
in approximately 15% of women [127, 128]. Hyperprolactinemia 
may cause anovulatory amenorrhea via inhibition of hypotha-
lamic GnRH pulsatile release [109, 129–139]. In addition to 
the hyperprolactinemia induced hypogonadotropic state, pro-
lactin may also impair the mechanisms of ovulation by reduc-
ing granulosa cell number and FSH binding [140], inhibition 
of granulosa cell 17b-estradiol production by interfering with 
FSH action [140–142], and by causing inadequate luteiniza-
tion and progesterone secretion [143–145]. In isolated galact-
orrhea, prolactin levels are within the normal range in nearly 
50% of such patients [146–148] (Fig. 14.7). In these cases, 
stimulus of the breast to produce galactorrhea may have been 
caused by a transient hyperprolactinemiaor other unknown 
factors. This situation is akin to that observed in nursing moth-
ers in whom milk secretion, once established, continues and 
even increases despite a normalizedprolactin level. About one-
third of women with galactorrhea have normal menses. 
Conversely, hyperprolactinemia commonly occurs in the 
absence of galactorrhea (66%), which may result from inad-
equate estrogenic or progestational priming of the breast.

Patients with galactorrhea and amenorrhea (including 
the syndromes described and named by Forbes, Henneman, 
Griswold, and Albright in 1951, Argonz and del Castilla in 
1953, and Chiari and Frommel in 1985), demonstrate 
hyperprolactinemia two-thirds of the time; and in that 
group, about one-third will have a pituitary adenoma [149]. 
Anovulatory women, diagnosed with polycystic ovary  
disease have coexistent, and usually modest hyperpro-
lactinemia in 3–10% [150, 151] (Fig. 14.7).

Prolactin and TSH levels should be measured in all 
patients with delayed puberty. In cases of delayed puberty 
with low basal gonadotropin levels, pituitary abnormalities, 
such as craniopharyngiomas and adenomas, must be consid-
ered regardless of the prolactin levels.

In the presence of prolactin secreting pituitary adenom-
asand delayed puberty, multiple endocrine neoplasia type 1 
(MEN-1) syndrome (gastrinomas, insulinoma, parathyroid 
hyperplasia, and pituitary neoplasia) should be considered. 
It should be noted that symptoms of pituitary adenoma are 
rarely the presenting symptom in MEN-1. Patients with pitu-
itary adenomas and a family history of multiple adenomas 
deserve particular scrutiny [152]. Prolactinomas are noted in 
approximately 20% of patients with MEN-1. The MEN-1 
gene is localized to chromosome 11q13 and acts as a consti-
tutive tumor suppressor gene. Inactivating mutations result 
in development of the tumors. Prolactin secreting pituitary 
adenomas that occur in patients with MEN-1 may be more 
aggressive than sporadic cases [153].

Pituitary hyperprolactinemia is most often due to a 
microadenoma or associated with normal imaging findings. 
These patients should be reassured of the generally benign 
course of their condition. Patients with macroadenomas or 
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Fig. 14.7 Workup for hyperprolactinemia
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juxtasellar lesions require more complex evaluations and 
treatment algorithms. Some will require surgical manage-
ment. All patients with hyperprolactinemia should have a 
TSH measurement (Fig. 14.7)

14.2.2.3  Imaging Techniques

Larger microadenomas and macroadenomas result in prolactin 
levels that are usually higher than 100 ng/ml. However, levels 
lower than 100 ng/ml may be associated with smaller microad-
enomas, macroadenomas that produce a “stalk section” 
effect, and suprasellar tumors that may be missed on a 
“coned-down” view of the sella turcica. Because modest 
elevations of prolactin can be associated with microade-
nomas, macroadenomas, nonlactotroph pituitary tumors, and 
other central nervous system abnormalities, imaging of the 

pituitary gland must be considered for unexplained and per-
sistent prolactin elevations (Table 14.8).

In patients with identifiable drug-induced or physiologic 
hyperprolactinemia, imaging is not routinely necessary unless 
it is accompanied by symptoms that suggest a mass lesion 
(headache, visual field deficits). MRI imaging of the sella and 
pituitary gland with gadolinium enhancement provides the 
best anatomic detail [154] (Fig. 14.8). It also represents the safest 
imaging modality because the cumulative radiation dose from 
multiple CT scans may cause cataracts, and the “coned-down” 
views or tomograms of the sella are very insensitive. For 
patients with hyperprolactinemia who desire future fertility, 
MRI is used to differentiate a pituitary microadenoma from a 
macroadenoma as well as to identify other potential sellar-
suprasellar masses. Although rare, when pregnancy-related 
complications of a pituitary adenoma occur, they occur more 
frequently in the presence of macroadenomas.
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In over 90% of untreated women, microadenomas do not 
enlarge over a 4–6 year period. The rationale for medical 
therapy as a mechanism to prevent a microadenoma from 
growing is false. Additionally, while prolactin levels correlate 
with tumor size, both elevations and reductions in prolactin 
levels may occur without any change in tumor size. If during 
follow-up a prolactin level rises significantly or central nervous 
system symptoms (headache, visual changes) are noted, 
repeat imaging may be indicated.

14.2.2.4   Hypothalamic Disorders

Dopamine is a product of the arcuate nucleus. Dopamine-
releasing neurons innervate the external zone of the median 
eminence. When released into the hypophyseal portal 
system, dopamine inhibits prolactin release in the anterior 
pituitary. Lesions that disrupt dopamine release can result in 
hyperprolactinemia. Lesions that disrupt dopamine release 
may arise from the suprasellar area, pituitary gland, and 
infundibular stalk, as well as from adjacent bone, brain, 
cranial nerves, dura, leptomeninges, nasopharynx, and vessels. 
Many pathologic entities and physiologic conditions in the 

hypothalamic-pituitary region can disrupt dopamine release 
and cause hyperprolactinemia (Table 14.7).

14.2.2.5  Pituitary Disorders

Microadenomas

More than one-third of women with hyperprolactinemia, 
have a radiologic abnormality consistent with a microadenoma 
(<1 cm). Release of pituitary stem cell growth inhibition via 
activation or loss-of-function mutations results in cell cycle 
dysregulation resulting in autonomous anterior pituitary 
hormone production, secretion, and cell proliferation. 
These mutations are critical to the development of pituitary 
microadenomas and macroadenomas. Microadenomas and 
macroadenomas are monoclonal in origin. Additional anatomic 
factors that contribute to adenoma formation include reduced 
dopamine concentrations in the hypophyseal portal system 
and vascular isolation of the tumor or both. Recently, the 
heparin-binding secretory transforming (HST) gene has been 
noted in a variety of cancers as well as in prolactinomas 
[155]. Patients with microadenomas can generally be reas-
sured of a benign course and many of these lesions exhibit 
gradual spontaneous regression or perivascular fibrosis and 
regression after treatment with ergot alkaloids [156, 157].

Pituitary prolactinomas or lactotrope adenomas are 
sparsely or densely granulated histologically. The sparsely 
granulated lactotrope adenomas have trabecular, papillary, or 
solid patterns. Calcification of these tumors may take the 
form of a psammoma body or a pituitary stone. Densely gran-
ulated lactotrope adenomas are strongly acidophilic tumors 
and appear to be more aggressive than sparsely granulated 
lactotrope adenomas. Unusual acidophil stem cell adenomas 
can be associated with hyperprolactinemia with some clinical 
or biochemical evidence of growth hormone excess.

Microadenomas rarely progress to macroadenomas. Six 
large series of patients with microadenomas reveal that, with 
no treatment, the risk of progression for microadenoma to a 
macroadenoma is only 7% [158]. Treatments include expect-
ant, medical or, rarely, surgical therapy. Affected women 
should be advised to notify their physicians of chronic head-
aches, visual disturbances (particularly tunnel vision consis-
tent with bitemporal hemianopsia), and extraocular muscle 
palsies. Formal visual field testing is rarely helpful unless 
imaging suggests compression of the optic nerves or in mon-
itoring symptomatic macroadenomas in pregnancy.

Autopsy series reveals that 25% of the U.S. population 
harbors microadenomas, and approximately 40% stains pos-
itively for prolactin. Clinically significant pituitary tumors 
requiring some type of intervention affect only 14 per 
100,000 individuals [159].

Table 14.8 Sellar and suprasellar tumors and 
conditions that may result in hyperprolactinemia

Abscess
Aneurysm
Arachnoid cyst
Cephalocele
Chloroma (granulocytic sarcoma)
Colloid cyst
Craniopharyngioma
Dermoid
Ectopic neurohypophysis
“Empty” sella
Epidermoid tumor
Germinoma
Hamartoma (tuber cinereum/hypothalmus)
Histiocytosis
Hyperplasia
Hypophysitis
Lipoma
Lymphoma
Meningioma
Meningitis (bacterial, fungal, granulomatous)
Metastasis
Mucocele
Nasopharyngeal carcinoma
Opticochiasmatic-hypothalamic glioma
Osteocartilaginous tumor
Paracytic cyst
Pars intermedia cysts
Pituitary adenoma
Rathke’s cleft cyst
Sarcoidosis
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Expectant Management

Expectant management can be used for both microadenomas 
and hyperprolactinemia without an adenoma if menstrual func-
tion remains intact and fertility is not desired. Hyperprolactinemia-
induced estrogen deficiency is the cause of osteopenia and 
osteoporosis [160]. Estrogen replacement with typical hor-
mone replacement regimens or hormonal contraceptives is 
indicated for patients with amenorrhea or irregular menses. 
Patients with drug-induced hyperprolactinemia can also be 
managed expectantly with attention to the risks of osteoporo-
sis. In the absence of symptoms of pituitary enlargement and 
prolactin levels remain normal, a repeat MRI may not be 
required after 12 months at the discretion of the practitioner.

Medical Treatment

Ergot alkaloids are the mainstay of therapy. In 1985, bro-
mocriptine was approved for use in the United States to treat 
hyperprolactinemia caused by a pituitary adenoma.

These agents are dopamine agonists and cause decreasing 
prolactin levels. Effects on prolactin levels occur quickly 
(within hours) and lesion size may decrease in volume within 
one or two weeks. Bromocriptine decreases prolactin synthesis, 
DNA synthesis, cell multiplication, and the overall size of 
prolactinomas. Bromocriptine treatment results in normal 
prolactin blood levels or the return of ovulatory menses in 
80–90% of patients.

Because ergot alkaloids, like bromocriptine, are excreted 
via the biliary tree, caution is required in patients with liver 
disease. Major adverse effects of bromocriptine include 
nausea, headaches, hypotension, dizziness, fatigue and 
drowsiness, vomiting, headaches, nasal congestion, and con-
stipation. Many patients tolerate bromocriptine when the 
dose is increased gradually, by 1.25 mg (½ tablet) per day 
each week until normalization of prolactin levels is seen or 
until a dosage of 2.5 mg twice per day is reached. (Regimen: 
one-half tablet every evening (1.25 mg) for one week, one-
half tablet morning and evening (1.25 mg twice daily) during 
the second week, one-half tablet in the  morning (1.25 mg) 

Fig. 14.8 Anatomy of the intrasellar region and cavernous sinus by: (A) 
anatomic diagram, (B) coronal cytomicrosome section, (C) coronal post-
contrast T1-weighted MRI, and (D) coronal postcontrast T2-weighted 
MRI. (1, pituitary gland; 2, infundibular stalk; 3, cranial nerve (CN) III; 4, 

CN IV; 5, CN VI; 6, CN VI; 7, sphenoid sinus; 8, internal carotid artery; 9, 
anterior clinoid process; 10, third ventricle; 11, optic chiasm; 12, supra-
sellar cistern; 13, venous spaces of cavernous sinus; 14, temporal lobe; 15, 
hypothalamus; 16, CN V

2
; 17, diaphragma sellae; 18, Meckel’s cave.)
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and a full tablet every evening (2.5 mg) during the third 
week, and one tablet every morning and early evening dur-
ing the fourth week and thereafter (2.5 mg twice per day). 
The lowest dose that maintains the prolactin level in the nor-
mal range is continued (1.25 mg twice daily often is suffi-
cient to normalize prolactin levels in individuals with levels 
less than 100 ng/ml). Pharmacokinetic studies show peak 
serum levels occur 3 h after an oral dose with a trough at 7 h. 
There is little detectable bromocriptine in the serum by 
11–14 h. Therefore, administration is required twice a day. 
Prolactin levels can be checked 6–24 h after the last dose.

A psychotic reaction is a rare, but notable, adverse effect 
of bromocriptine. Symptoms include auditory hallucinations, 
delusional ideas, and changes in mood that resolve after 
discontinuation of the drug [161].

Many investigators report no difference in fibrosis, calci-
fication, prolactin immunoreactivity, or the surgical success 
in patients pretreated with bromocriptine when compared 
with those not receiving bromocriptine [158].

An alternative to oral administration is the vaginal admin-
istration of bromocriptine tablets. This route is well tolerated, 
and actually results in improved pharmacokinetic measures 
[162]. Cabergoline, another ergot alkaloid, has a very long 
half-life and can be given orally twice per week. Its long dura-
tion of action is attributable to slow elimination by pituitary 
tumor tissue, high affinity binding to pituitary dopamine 
receptors, and extensive enterohepatic recirculation.

Cabergoline, which is as effective as bromocriptine in 
lowering prolactin levels and in reducing tumor size, has sub-
stantially fewer adverse effects than bromocriptine. Rarely, if 
patients experience nausea and vomiting or dizziness with cab-
ergoline, they may be treated with intravaginal cabergoline 
just as with bromocriptine. Although cabergoline appears to 
be safe to use during pregnancy, more extensive data regard-
ing the use of bromocriptine in pregnancy are available; 
therefore, bromocriptine is preferred for pregnant patients. A 
gradually increasing dosage helps avoid the side effects of 
nausea, vomiting, and dizziness. Cabergoline at 0.25 mg 
twice per week is usually adequate for hyperprolactinemia 
with values less than 100 ng/ml. If required to normalize pro-
lactin levels, the dosage can be increased by 0.25 mg per dose 
on a weekly basis to a maximum of 1 mg twice weekly.

When bromocriptine or cabergoline cannot be used, 
other medications such as pergolide or methergoline may 
be used. In patients with a microadenoma who are receiv-
ing bromocriptine therapy, a repeat MRI scan may be per-
formed 6–12 months after prolactin levels are normalized, 
if indicated, to document tumor response. Most practitio-
ners use normalization of prolactin as an indicator of 
response. While normalization of prolactin levels and 
resumption of menses are strong indicators, they cannot be 
considered an absolute proof of tumor response, thus, clin-
ical discretion is advised. MRI scans should be performed 
if new symptoms appear.

Discontinuation of bromocriptine therapy after 2–3 years 
may be attempted in patients who have maintained normopro-
lactinemia while on therapy [163, 164]. Discontinuation of 
cabergoline therapy has also been successful in patients treated 
for 3–4 years who have maintained normoprolactinemia [165]. 
In general, recurrence rates are higher for macroadenomas (as 
compared to microadenomas or hyperprolactinemia without 
adenoma) after cessation of either bromocriptine or cabergo-
line, warranting close follow-up with serum prolactin and 
MRI after cessation of therapy. In patients with macroade-
nomas, withdrawal of therapy should proceed with caution, as 
rapid tumor re-expansion may occur.

Macroadenomas

Macroadenomas are pituitary tumors that are larger than 
1 cm in size. Bromocriptine is the best initial and poten-
tially long-term treatment option. Transsphenoidal surgery 
occasionally is required. Evaluation for pituitary hormone 
deficiencies may be indicated. Symptoms of macroadenoma 
enlargement include severe headaches, visual field changes 
and, rarely, diabetes insipidus and blindness. After prolac-
tin has normalized following ergot alkaloid treatment, a 
repeat MRI is indicated within 6–12 months to document 
shrinkage or stabilization of the size of the macroadenoma. 
This examination may be performed earlier if new symp-
toms develop or if there is no improvement in previously 
documented symptoms. Normalized prolactin levels or 
resumption of menses cannot not be taken as absolute proof 
of tumor response to treatment, particularly in patients with 
a macroadenoma.

Medical Treatment

Macroadenomas treated with bromocriptine routinely show 
a reduction in prolactin levels and size; nearly one-half shows 
a 50% reduction in size, and another one-fourth show a 33% 
reduction after 6 months of therapy. Tumor regrowth occurs 
in over 60% of cases after discontinuation of bromocriptine 
therapy, therefore, long-term therapy is usually required.

After stabilization of tumor size, 6–12 months after initi-
ating therapy, is documented, the MRI scan is only repeated 
as indicated by symptoms. Serum prolactin levels are mea-
sured every six months. Because tumors may enlarge despite 
normalized prolactin values, a reevaluation of symptoms at 
regular intervals (6 months) is prudent.

Long-term therapy (over 3–5 years) with dopamine 
agonists occasionally leads to perivascular fibrosis with 
cytocidal activity within the adenoma. One can consider 
dopamine agonist withdrawal in a microadenoma if, after 
ceasing dopamine agonist therapy, the prolaction level 
remains normal. Periodic prolactin assays and evaluation of 
symptoms and physical examination in the first year will 
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detect regrowth of the microadenoma. In the case of mac-
roadenoma, if the MRI documents: tumor resolution or >50% 
reduction; greater than 5 mm distance from the optic chiasm; 
and no cavernous sinus invasion; one could initiate a stepwise, 
tapered or an abrupt withdrawal of the dopamine agonist and 
monitor prolaction levels, symptoms, and and the physical 
exam every 3 months. In 30–64% of such cases, there is no 
tumor re-growth [165, 166].

Surgical Intervention

Tumors that are unresponsive to bromocriptine or that cause 
persistent visual field loss require surgical intervention. 
Some neurosurgeons have noted that a short (2–6 week) pre-
operative course of bromocriptine increases the efficacy of 
surgery in patients with larger adenomas [162]. Unfortunately, 
after surgical resection, recurrence of hyperprolactinemia 
and tumor growth is common. Complications of surgery 
include cerebral carotid artery injury, diabetes insipidus, 
meningitis, nasal septal perforation, partial or panhypopitu-
itarism, spinal fluid rhinorrhea, and third nerve palsy. Periodic 
MRI scanning after surgery is indicated, particularly in 
patients with recurrent hyperprolactinemia.

14.2.2.6  Metabolic Dysfunction  
and Hyperprolactinemia

Patients with hypothyroidism may exhibit hyperprolactine-
mia with remarkable pituitary enlargement caused by thy-
rotroph hyperplasia. Thyroid replacement results in a 
reduction in pituitary enlargement and normalization of 
prolactin levels [167].

Hyperprolactinemia occurs in 20–75% of women with 
chronic renal failure. Prolactin levels do not normalize with 
hemodialysis but normalize after transplantation [168, 169]. 
Occasionally, women with hyperandrogenemia may have 
hyperprolactinemia. Elevated prolactin levels may alter adre-
nal function by enhancing the release of adrenal androgens 
such as DHEAS [129].

14.2.2.7  Drug-induced Hyperprolactinemia

Numerous drugs interfere with dopamine secretion and can 
therefore be responsible for hyperprolactinemia. (Table 14.7) 
If medication can be discontinued, prolactin levels return to 
normal rapidly. If the medications cannot be discontinued, 
management includes estrogen replacement or oral contracep-
tive agentsto avoid osteopenia/porosis. Treatment with dop-
amine agonists may be utilized if ovulation is desired and the 
drug inducing hyperprolactinemia cannot be discontinued.

14.2.2.8  Use of Estrogen in Hyperprolactinemia

In rodents, pituitary prolactin-secreting adenomas occur with 
high-dose estrogen administration [170]. Elevated levels of 
estrogen, such as those found in pregnancy, are responsible 
for hypertrophy and hyperplasia of lactotrophic cells, and 
account for the progressive increase in prolactin levels in 
normal pregnancy. However, the prolactin elevations found 
in pregnancy is physiologic, and reversible, and adenomas 
are not fostered by the hyperestrogemia of pregnancy. Indeed, 
pregnancy may have a favorable influence on preexisting 
prolactinomas [171, 172]. Studies [173–175] and autopsy 
surveys [176] indicate that estrogen administration is not 
associated with clinical, biochemical, or radiologic evidence 
of growth of pituitary microadenomas or the progression of 
idiopathic hyperprolactinemia to adenoma status. For these 
reasons, estrogen replacement or OC use is appropriate for 
hypoestrogenic patients with hyperprolactinemia secondary 
to microadenoma or hyperplasia.

14.2.2.9  Monitoring Pituitary Adenomas During 
Pregnancy

Prolactin-secreting microadenomas rarely cause complications 
during pregnancy. However, monitoring of patients with serial 
gross visual field examinations and funduscopic examination is 
recommended. If persistent headaches, visual field deficits, or 
visual or funduscopic changes occur, MRI scanning is advisable. 
Because serum prolactin levels progressively rise throughout 
pregnancy, prolactin measurements are rarely of any value.

For those women who become pregnant while taking  
bromocriptine due to return of spontaneous ovulations, it 
is recommended that bromocriptine be discontinued. 
Discontinuation does not preclude the subsequent use of 
bromocriptine during pregnancy to treat symptoms (visual 
field defects, headaches) that might arise from the rare 
enlargement of the adenoma [177, 178]. There is a physio-
logic increase in pituitary size in pregnancy separate from 
adenoma changes that rarely causes symptoms despite the 
adenoma. Bromocriptine has not exhibited teratogenecity in 
animals, and observational data in humans is reassuring.

Pregnant women with previous transsphenoidal surgery for 
microadenomas or macroadenomas may be monitored addi-
tionally with monthly Goldman perimetry visual field testing. 
Periodic MRI scanning may be necessary in women with 
symptoms or visual changes. Breast feeding is not contraindi-
cated in the presence of microadenomas or macroadenomas 
[177, 178]. The use of bromocriptine and other dopaminergic 
agents classified as ergot alkaloids to inhibit postpartum lacta-
tion may cause blood pressure elevations during the postpar-
tum period, and are contraindicated [179–183].
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14.3  Conclusion: Evidence-Based Case 
Studies

Case 1. A 25 year old woman presents for infertility workup. 
A TSH evaluation yields a value of 10.68 mIU/ML. What is 
the work- up and treatment recommendation?

Because of a number of adverse effects on reproduction 
associated with hypothyroidism (Table 14.3) includingsub-
fertility, miscarriage, anemia, gestational hypertension, 
abruption, postpartum hemorrhage, preterm delivery, impaired 
neuropsychological development system in the fetus, a TSH 
evaluation is part of the standard workup for infertility. 
Furthermore, the currently recommended targeted screening 
guidelines designed to avoid maternal hypothyroidism in 
pregnancy suggest testing in individuals with autoimmune 
disorders, clinical signs/symptoms of thyroid disease, family 
history of thyroid disease, goiter, head and neck radiation, 
history of thyroid disorder, infertility, thyroid auto-antibodies, 
and preterm delivery. Thus, for the reproductive endocrinolo-
gist, nearly all patients require a TSH evaluation and treat-
ment when elevated. Despite the widespread TSH screening 
associated with reproductive medicine,universal TSH screen-
ing in pregnancy is not recommended at the present time.

After confirming the elevated TSH, autoantibodies to thy-
roglobin and thyroid peroxidase are obtained to confirm the 
diagnosis of Hashimotos’ thryoiditis (Table 14.1). 
Levothyroxine, 50 µg, is initiated with a half life of 7 days; 
therefore, a repeat TSH is drawn in six weeks later to assess 
treatment efficacy. Treatment guidelines, in this woman seek-
ing pregnancy and others like her, recognize: (1) the poten-
tially significant adverse effects on the neurologic development 
of the fetus and other adverse pregnancy events (Table 14.3); 
(2) the physiologic rise in TBG and the TSH-like activity of 
hCG in pregnancy (Fig. 14.4), and: (3) that this patient, and 
others like her, may have overt or subclinical hypothyroidism 
defined by the a reference range for pregnancy (TSH < 2.5, 
3.1 and 3.5 mIU /ml for the first, second and third trimesters, 
respectively) (Fig. 14.5). According to these recommenda-
tions, this preconceptionally diagnosed hypothyroid woman 
(overt or subclinical) should have her T

4
 dose adjusted such 

that her TSH value is < 2.5 µU/ml before pregnancy. The T
4
 

replacement dosage will routinely require a dose escalation at 
4–6 weeks gestation in order to maintain the TSH 
value < 2.5 µU/ml. This adjustment may require a 30–50% 
increase in dosage (levothyroxine, increased from 50 µg to 
75 µg). Pregnant women with overt hypothyroidism should be 
normalized as rapidly as possible to maintain TSH at less than 
2.5 and 3 µU/ml in the first and second/third trimesters, 
respectively. For this patient, and others like her, it should be 
remembered that euthyroid women on no levothyroxine, with 
thyroid autoantibodies are at risk of hypothyroidism and 
should also have TSH screening in each trimester [35].

Case 2. A 25 year old woman with a macroadenoma 
treated with bromocriptine achieves pregnancy after the 
normalization of her prolactin level and the resumption 
of regular ovulation. What is the recommendation for 
treatment?

Macroadenomas treated with bromocriptine respond by 
decreased prolactin levels and volume; nearly one-half 
shows a 50% reduction in size, and another one-fourth 
shows a 33% reduction after six months of therapy. Tumor 
regrowth occurs in over 60% of cases after discontinuation 
of bromocriptine therapy, but treatment with bromocriptine 
during pregnancy is not necessarily required, despite the 
additional physiologic increase in pituitary size. Most rec-
ommend discontinuation of the bromocriptine. MRI repeat 
scans are only repeated as indicated by symptoms. Because 
serum prolactin levels progressively rise throughout preg-
nancy, prolactin measurements are rarely of any value. 
Discontinuation of bromocriptine does not exclude its later 
use during pregnancy to treat symptoms (visual field 
defects, headaches) arising from the rare enlargement of 
the adenoma. Bromocriptine has not exhibited terato-
genecity in animals, and observational data in humans is 
reassuring.

This patient with a macroadenoma, and others with previ-
ous transsphenoidal surgery for macroadenomas, may be 
monitored additionally with monthly Goldman perimetry 
visual field testing. Bromocriptine would be reinitiated if 
deficits were noted. Breast feeding is not contraindicated in 
the presence of microadenomas or macroadenomas. The use 
of bromocriptine and other dopaminergic agents classified as 
ergot alkaloids to inhibit postpartum lactation may cause 
blood pressure elevations during the postpartum period, and 
are contraindicated. Thus, if bromocritine is used intrapartum, 
some would recommend discontinuation of bromocriptine 
after delivery.

After treatment for a period of time with bromocriptine, 
many micro and macroadenomas undergo perivascular 
fibrosis, cell death and regression. Discontinuation after 
3–5 years of use may be indicated if MRI documents regres-
sion in size. One can consider dopamine agonist withdrawal 
in a microadenoma if, after ceasing dopamine agonist ther-
apy, the prolaction level remains normal. Periodic prolactin 
assays and evaluation of symptoms and physical examina-
tion in the first year will detect regrowth of the microade-
noma. In the case of macroadenoma, if the MRI documents: 
tumor resolution or >50% reduction; greater than 5 mm 
distance from the optic chiasm; and no cavernous sinus 
invasion; one could initiate a stepwise, tapered or an abrupt 
withdrawal of the dopamine agonist and monitor prolaction 
levels, symptoms, and and the physical exam every three 
months. In 30–64% of such cases, there is no tumor re-
growth [165, 166].
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Abstract Uterine factor subfertility is defined as a structural 
or functional disorder of the uterus that results in reduced 
fertility. Between one and two percent of in vitro fertilization 
(IVF) procedures are recorded as being done for uterine 
factor in the United States as reported by Wright et al. 
(MMWR Surveill Summ 57:1–23, 2008). Live birth rates for 
isolated uterine factor are below average compared to other 
diagnoses for couples undergoing IVF. For example, among 
women <35 years of age undergoing IVF using their own 
fresh eggs for embryo transfer, uterine factor has the lowest 
live birth rate among diagnoses at 35.9% per transfer, which 
is even below the live birth rate for diminished ovarian  
reserve (40.3%) as reported by Wright et al. (MMWR 
Surveill Summ 57:1–23, 2008).

Although the proportion of cases of uterine factor that 
proceed to IVF is small, the resources spent evaluating for 
and treating uterine factors are disproportionately high. 
Uterine factors encompass a number of specific pathological 
entities in an endless variety of presentations and combina-
tions which are not specified by the CDC database. Therefore, 
counseling couples regarding the contribution of uterine fac-
tors to their infertility is challenging. Given these consider-
ations, the best clinical strategy is to screen for the most 
common uterine factors early during an infertility evaluation. 
When uterine pathology is encountered, general concepts and 
statistics for outcomes based upon the specific uterine fac-
tors, along with their locations and extent must be accounted 
for in relation to other infertility factors for a given couple 
with infertility. This chapter focuses on the evidence for an 
association of individual acquired uterine factors (endometrial 
polyps, leiomyomata, adenomyosis, and Asherman syndrome) 
with infertility. The clinical characterization, pathophysiology, 
and therapeutic principles for these commonly acquired 
uterine infertility factors are also reviewed.

Keywords Acquired uterine factor subfertility • Adenomyosis 
• Endometrial polyps • Uterine leiomyomata • Fibroids • 
Asherman syndrome

15.1  Endometrial Polyps and Infertility

Polyps are endometrial tissue growths containing glands, 
blood vessels, and stroma. The central core consists of endome-
trium of the basal type covered by functionalis endo-
metrium that can range from inactive to weakly secretory. 
This explains why a proportion of polyps can become 
cystic. The stroma is usually fibrous but can be typical 
endometrial stroma as well. A cluster of thick-walled 
vessels found in the base of the stalk tends to feed a solitary 
vessel in the stalk that can generally be appreciated with 
color flow Doppler.

A study of 215 infertile women with polyps undergoing 
insemination revealed that the polyps at presentation 
had a mean diameter of 1.6 cm (range 0.3–2.4 cm) [2]. In a 
different study population (243 women with abnormal 
uterine bleeding), the size range was from 0.5 to 5 cm with a 
mean diameter of 3.4 ± 0.9 cm [3]. They were solitary in 
71.6%. About two-thirds of polyps are pedunculated, with 
the remainder being sessile [4].

Compared to the surrounding endometrium, polyps 
appear to have higher expression of estrogen and progester-
one receptors in the glandular epithelium, but similar to 
slightly reduced expression in the stroma [5, 6]. The 
glandular epithelial component tends to be out of synchro-
nization with the surrounding endometrium. This abnormal 
configuration of receptor expression may help determine 
the altered functional activity of polyps and help explain 
why polyps tend to be less sensitive to cyclic hor-
monal variation than eutopic endometrium [5]. However, 
it remains to be determined whether the high induced estro-
gen milieu associated with ovulation induction accelerates 
polyp formation.
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15.1.1  Diagnosis

Measurement bias is an important consideration among 
studies of polyps. Polyps are easily missed by endometrial 
biopsy and even transvaginal ultrasonography (TVUS). 
Transvaginal ultrasound is less sensitive than sonohys-
terography in identifying polyps, while sonohysterography 
is as accurate as hysteroscopy for detecting polyps [7]. 
In a comparative study, HSG had a sensitivity of approxi-
mately 50% and a PPV of 28.6% for polyp detection, 
whereas TVUS had a sensitivity of 75%, specificity of 
97%, and a PPV of 75%. Sonohysterography and hyst-
eroscopy were equivalent, with 100% sensitivity and 
100% PPV in this particular study, although this research 
standard is unlikely to be realized in clinical practice by 
less experienced practitioners [7].

When TVUS or sonohysterography is used to diagnose 
polyps, rounded intrauterine filling defects often cause 
uncertainty as to whether they may be polyps, leiomyo-
mata, or blood clots. There are some observations to help 
make the distinction, although histologic confirmation 
remains the gold standard. Pedunculated leiomyomata 
demonstrate continuity with the myometrium with echo-
genic endometrium overlying them. Polyps can be visual-
ized completely within the endometrial cavity. They 
tend to cross the midline, pushing the endometrial stripe off 
center.

Color flow Doppler can sometimes also provide a clue 
because leiomyomata generally have no distinct feeding 
vessel. The vascularity of fibroids is diffuse and exhibits 
peripheral flow surrounding their pseudocapsules. Polyps 
generally have single feeding vessels, whereas cancerous 
masses may have multiple feeding vessels. If any flow 
is visualized within an intrauterine mass, it is unlikely to 
be a fibroid and more likely to be a polyp. Doppler flow 
also excludes the presence of an inanimate mass such as a 
blood clot.

If hysteroscopy is chosen to diagnose polyps, differences 
in hysteroscopic technique itself introduce more variability. 
In a study comparing polyp detection rates, the use of 
dextran 70 as a distention media identified polyps in 12% 
of 992 women compared to 0.6% of a similar group of 
335 women using CO

2
 hysteroscopy [8]. Hysteroscopy 

using saline as the distention medium has not been rigor-
ously compared to the other techniques for the detection 
of polyps.

The inaccuracy of the hysteroscopic diagnosis of polyps 
compared to histologic confirmation adds yet another degree 
of uncertainty to reported prevalence rates. In a study of 
over 4,000 women with abnormal uterine bleeding, the 
prevalence of polyps by hysteroscopic diagnosis was 33.9%, 
while histology confirmed polyps in only 27.5% of the 
cohort [9].

15.1.2  Potential Subfertility Mechanisms 
Associated with Polyps

Potential mechanisms whereby endometrial polyps could 
diminish fecundity have been similar to those proposed 
for submucus fibroids including mechanical disruption 
of implantation, focal vascular alterations, alterations of 
sperm migration [4], chronic bleeding, and endometrial 
inflammation. One study added credence to the possibility 
that inflammation may play a role by noting a strong correla-
tion between the presence of endometritis and the presence 
of micropolyps of the endometrium defined as polyps less 
than 1 mm [10].

Another intriguing mechanistic possibility is the enhanced 
production of the glycoprotein, glycodelin in women with pol-
yps. It is the major secretory phase product of endometrial epi-
thelial cells that normally appears to be stimulated by ovarian 
progesterone secretion and thought to facilitate implantation. 
Glycodelin is found in the uterine cavity in rising concentra-
tions six days after the LH surge and peaks during the implan-
tation interval. It has been hypothesized to suppress natural 
killer cell destruction of intracavitary embryos. Normally, 
glycodelin is found in minimal concentrations during the 
proliferative phase. However, in a pilot study, glycodelin con-
centrations from uterine flushings and in serum during the 
proliferative phase were found to be elevated in women with 
uterine polyps compared to controls [11]. Serum glyodelin is 
also increased in women with leiomyomata. The presence of 
glyodelin in the endometrium prematurely during the prolif-
erative phase may alter endometrial receptivity during the 
secretory phase. Also, because glyodelin has also been shown 
to inhibit human sperm binding to the zona pelucida, its 
abnormal presence systemically during ovulation and fertil-
ization may further contribute to subfecundity. Yet another 
study reported an increased level of an endometrial immuno-
globulin, human decidua-associated protein 200 (hDP 200) 
in the endometrial cavities of women with polyps and fibroids 
compared to controls and also hypothesized a consequent 
implantation defect [12].

15.1.3  Evidence of an Association Between 
Endometrial Polyps and Infertility

Statistically, patients with endometrial polyps are more likely 
to concurrently have fibroids, adenomyosis, endometriosis, 
and endometrial cancer [13–15]. Estrogen is involved in the 
growth and maintenance of all of these lesions. Obesity is 
another related risk factor for the occurrence of uterine 
polyps [9]. This is anticipated given the excess estrogen 
generated from androgens via aromatase within adipocytes. 
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Because fibroids, obesity, and endometriosis are all 
independently associated with infertility, there is likely 
to be a statistical association between polyps and infertility 
as well, based solely on the frequent coexistence between 
polyps and the aforementioned lesions. However, whether 
uterine polyps directly contribute to subfertility is diffi-
cult to tease out, but concerted attempts have been made 
as will be reviewed below.

Routine uterine cavity assessment during evaluation for 
infertility frequently reveals uterine polyps. When 1,000 
unselected women planning IVF underwent diagnostic office 
hysteroscopy, endometrial polyps were the most frequent 
abnormality visualized (32% of the cohort), while 0.9% 
had “polypoid” endometrium [16]. Only 3% had submucus 
fibroids and another 3% had intrauterine adhesions. A 15.6% 
(35/235) prevalence of polyps was found in a cohort of eumen-
orrheic infertile women by hysteroscopy [4]. In another study 
of 574 unselected patients undergoing IVF, preprocedure 
hysteroscopy revealed a prevalence of polyps of 26.4% [17]. 
The prevalence rates of polyps in infertile women planning 
IVF may underestimate the actual prevalence. Most women 
requiring IVF are likely to have previously undergone uterine 
cavity assessment and polypectomy. The prevalence of endo-
metrial polyps in infertile women therefore appears to be high, 
but the important questions are whether they contribute to 
infertility and whether polypectomy improves fecundity. A 
number of studies have tried to answer these questions, but 
the study designs are generally weak. Here, the data are 
examined systematically, starting with the lowest quality 
study design first, which is comparing the prevalence of pol-
yps in infertile populations to fertile controls.

If polyps contribute to infertility, it would be expected 
that infertile patients with otherwise unexplained infertility 
would have a higher prevalence of uterine polyps. It has not 
been possible to make this determination with confidence 
due to enormous heterogeneity between studies. Prevalence 
rates vary depending on the populations studied. Some 
factors that contribute to the variability between populations 
include age, obesity, abnormal uterine bleeding and meno-
pausal status [13, 18, 19].

Despite the concerns surrounding the accurate measure-
ment of prevalence rates, it appears that reported polyp prev-
alence rates in asymptomatic premenopausal women tend to 
be less than in infertile populations. A study of 100 asymp-
tomatic premenopausal women found polyps in 10% by 
sonohysterography [13]. In studies of women undergoing 
preoperative evaluation for tubal reanastomosis, 15% of 99 
subjects were found to have polyps hysteroscopically [20] 
and one of 31 (3%) in another [4]. While suggestive of a link 
between polyps and infertility, such uncontrolled observa-
tional studies of polyp prevalence among varied populations 
only help establish that polyps are frequently encountered 
among women with infertility.

Other studies have attempted to shed light on whether pol-
yps contribute to infertility by calculating crude cumulative 
pregnancy rates before and after polypectomy. An uncon-
trolled study from Poland of hysteroscopic polypectomy in a 
group of 25 women with infertility noted a 76% clinical 
pregnancy rate within 12 months of polypectomy [21]. 
Another retrospective study divided women into those with 
polyps £1 cm (n = 31) and those with either polyps >1 cm or 
multiple polyps (n = 52). All subjects had infertility as well as 
abnormal uterine bleeding. After polypectomy with histo-
logical documentation, cumulative delivery rates were not 
significantly different (61.4% for the £1 cm polyp group and 
54.2% for those who had polyps >1 cm) [22]. A similar 
uncontrolled study of 15 eumenorrheic infertile women 
found to have only polyps as a presumptive infertility 
diagnosis after thorough evaluation (including routine 
hysteroscopy and laparoscopy) underwent polypectomy. Of 
the 12 evaluable subjects after 12 months of follow-up, six 
conceived (50%) after polypectomy [4]. Another small study 
over a span of 21 years used the same design but added a 
comparison group [23]. The same surgeon performed 23 
polypectomies for infertile women and their cumulative 
pregnancy rate was compared to that of 19 infertile women 
with normal cavities at hysteroscopy. Similar to the Polish 
study, 18 of 23 (78.3%) of the infertile polypectomy group 
became pregnant compared to eight of 19 (42.1%) of the 
normal cavity group. This was a significant difference in 
pregnancy rates, while the miscarriage rates were not signifi-
cantly different.

Four non-randomized studies of IVF have looked at the 
reproductive outcomes of subjects with polyps who did not 
undergo polypectomy compared to a group who did [24, 25]. 
Mastrominas was the first to designate a study group where 
polyps were diagnosed either by hysteroscopy or sonohys-
terography, but who then underwent IVF without polypectomy 
(n = 24) [24]. These women had polyps less than 2 cm in 
diameter. The treatment group had up to three polyps, all less 
than 2 cm in diameter and underwent polypectomy (n = 65) 
prior to IVF. The polypectomy group had a 28% cumulative 
pregnancy rate compared to a 35% rate for those with the 
polyps left in situ. For the subset with polyps over 2 cm in 
diameter who underwent polypectomy, the pregnancy rate 
was 40%. The authors concluded that for women undergoing 
IVF, polyps less than 2 cm do not affect pregnancy rates and 
do not need to be removed. This study implied that polyps > 
2 cm might lower IVF delivery rates (since their removal 
yielded the highest pregnancy rates), but this hypothesis was 
not directly tested by the study design. Unfortunately, the 
other causes for infertility were not controlled, leaving the 
conclusions of this study in doubt.

Another study conducted at Bourn Hall Clinic, using an 
untreated control group [25] was also an IVF study that only 
enrolled women whose polyps were less than 2 cm in diameter. 
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In this retrospective study, all subjects (n = 83) were 
incidentally found to have polyps by transvaginal ultrasound 
after their IVF cycles had been initiated. In 49 subjects, the 
IVF cycle was completed, but in the other 34, the clinicians 
and patients together opted to freeze all appropriate embryos 
before transfer and perform hysteroscopic polypectomy 
immediately after the egg retrieval. Transfers were then 
performed several months later. Pregnancy rates could not be 
directly compared due to the cryopreservation step in the 
second group, and therefore the pregnancy and miscar-
riage rates of each group were compared to the historical 
fresh and frozen embryos transfer rates during the same 
time period. None of the rates were statistically different so 
that they concluded that polyps less than 2 cm in diameter 
have no effect on IVF conception rates and should not alter 
the planned IVF. However, the miscarriage rates of the fresh 
transfer conceptions with polyps left in place was nearly 
three times the contemporaneous clinic rate (27.3 vs. 10.3%) 
(p = 0.08). Of the 34 women who decided to freeze their 
embryos after the diagnosis of polyps, the immediate hyst-
eroscopy after egg retrieval only revealed polyps in 24 
(58.3%). And among these 24, histology confirmed pol-
yps in only 14. So overall, the conversion to a cryopreserva-
tion cycle did more harm than good with only 14 of 32 (44%) 
of the discontinued IVF cycles having histologically con-
firmed polyps.

A third study of women undergoing IVF also found no 
differences in miscarriage and pregnancy rates between 33 
women with polyps and 54 controls without polyps [26]. The 
polyps were diagnosed by ultrasound and were all less than 
1.5 cm (mean 8.3 mm, range 5–12 mm) but the ultrasound 
false positive rate was not reported.

A more recent study of IVF+ICSI cycles came to the same 
conclusion [27]. Three groups were studied retrospectively. 
Group 1 (n = 15) was a group found to have polyps during the 
ovarian stimulation; group 2 (n = 40) had polypectomy prior 
to IVF+ICSI; group 3 consisted of 956 women undergoing 
IVF+ICSI without polyps. Clinical pregnancy and miscar-
riage rates did not differ among any of the groups leading to 
the conclusion that polyps < 1.5 cm do not alter reproductive 
outcome in women undergoing IVF+ICSI.

Another small study took the aggressive approach of 
performing polypectomy during an IVF cycle before egg 
retrieval after polyps <2 cm were incidentally diagnosed 
between cycle days 7 and 9. Three of six such subjects con-
ceived, but the small sample size does not yet allow recom-
mendation of this approach [28].

Most studies of infertile women with polyps have not 
found an association between polyp size and implantation 
rates [2, 21, 22]. The exception was the uncontrolled study 
cited above, finding indirect evidence that polyps >2 cm may 
adversely affect IVF pregnancy rates [24]. Although the bulk 
of the evidence does not support IVF cycle cancellation or 

interruption due to the finding during the procedure of 
polyps <2 cm, this is a special circumstance that cannot be 
generalized to the presence of polyps in the infertile population 
at large. It is possible that false positive polypoid structures 
seen on transvaginal ultrasonography during follicular moni-
toring may result from hyperplastic foci of rapidly growing 
endometrium under the high estrogen milieu generated by 
ovarian FSH stimulation. Experience from the Bourne Hall 
study suggests caution in this setting because in those cycles 
converted to cryopreservation cycles due to the discovery of 
polyps, less than half turned out to have polyps after all. 
Although some small polyps detected by sonohysterography 
are known to spontaneously resolve given long-term untreated 
follow-up [29], the high rate of TVUS false positive polyp 
diagnoses during ovarian stimulation cycles appears to be a 
special situation.

To date, only one randomized trial of polypectomy with 
pregnancy rates as the outcome measure has been performed 
representing the highest quality evidence available. Women 
< 40 years of age, with at least 2 years of infertility, were 
determined to be adequate IUI candidates after a complete 
infertility evaluation then randomized to polypectomy or no 
polypectomy [2]. Up to four cycles of superovulation with 
FSH injections were planned starting at least three cycles 
after hysteroscopy (with or without polypectomy). Data were 
reported for 204 randomized women. In the polypectomy 
group, 65% of those who conceived did so before the first 
IUI was performed implying a strong effect from the polypec-
tomies. Clinical pregnancy rates were subjected to survival 
analysis indicating a doubling of the pregnancy rate in the 
polypectomy group (RR 2.1 with 95% CI 1.5–2.9). The pol-
yps in both cases and controls ranged from 3 to 24 mm 
(mean 16 mm). When analyzed by the size of the polyps 
removed, there was no difference in pregnancy rates.

15.1.4  Clinical Considerations

The incidence of new polyp formation compared to their 
prevalence has been little studied. This has practical signifi-
cance because knowledge of the incidence would help clini-
cians judge how often the uterine cavity should be imaged 
during ongoing infertility treatment. In a prospective study 
observing the natural history of polyps and other uterine 
masses, 64 asymptomatic, premenopausal women underwent 
a baseline sonohysterogram (SHG) and a repeat SHG 2.6 
years later on average [19]. None had interval pregnancies. 
Seven of 64 (11%) had polyps at baseline. Polyps persisted 
two and a half years later in only three of the seven women. 
In the remaining 57 women, seven developed new polyps 
over 2.6 years (for a cumulative incidence of 12% or roughly 
5% annually). The polyps that regressed were of smaller 
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diameter on average at baseline (0.7 cm, range 0.4–1.1 cm) 
compared to those that persisted (1.3 cm, range 0.8–1.8 cm). 
Of the three that persisted, their mean diameters remained 
the same over 2.6 years. Of the seven women with polyps at 
baseline, five had solitary polyps and the other two women 
had two polyps each.

A longitudinal study of 190 premenopausal women was 
performed with up to 9 years of follow-up using transvaginal 
ultrasound monitoring every 6 months post polypectomy. 
Only 1.8% had recurrence of polyps when the size was 
£2.5 cm at the initial polypectomy and 3.5% recurred with 
the size was >2.5 cm (difference nonsignificant) [3].

Two other factors that help in the decision of how often 
to perform uterine imaging are the patient’s BMI and age. 
A BMI ³ 30 was associated with a 52% prevalence of 
polyps compared to 15% in women with a BMI < 30 among 
223 patients with either PCOS or unexplained infertil-
ity, undergoing pre-IVF hysteroscopy [18]. In a study of 
asymptomatic premenopausal women, 97% of the polyps 
identified using sonohysterography were in women aged 35 
and older [13]. Therefore it is reasonable to consider repeating 
investigation of the uterine cavity more frequently for obese 
infertile women ³ 35 when they are enduring prolonged 
conception attempts than for younger women of normal 
BMI. New onset of menometrorrhagia should also prompt 
consideration of repeat uterine cavity evaluation because 
women with abnormal uterine bleeding have a higher preva-
lence of uterine polyps than eumenorrheic women (28–30% 
vs. 10%) [9, 13].

At this time, while being far from definitive, there are 
enough data to recommend pursuing polypectomy in infertile 
women. The morbidity of polypectomy is low, and given 
the high costs (both monetary and emotional) of infertility, 
prophylactic polypectomy appears to be justified. Although 
small polyps discovered incidentally while an IVF cycle is 
already in progress do not appear to require cycle cancellation, 
the most prudent measure is to investigate the uterine cavity 
prior to any ART procedure at a frequency commensurate 
with the risk factors that an individual has.

Another reason proposed to consider hysteroscopic 
resection of polyps prior to conception attempts is the risk of 
malignancy within the polyps [30]. However, the bulk of the 
evidence would suggest that the risk of adenocarcinoma 
within polyps in premenopausal, eumenorrheic, infertile 
women with polyps discovered by sonohysterography is 
highly unlikely [31, 32].

Studies of prevalence rates of polyps in populations of 
women with recurrent pregnancy loss have been surprisingly 
low at 0.6% [33] and 5% [34]. While studies have not been 
performed regarding outcomes in recurrent pregnancy loss 
patients following polypectomy, it seems reasonable to 
consider polypectomy in this circumstance as well given the 
low complication rate of the procedure [8, 35].

15.2  Leiomyomata

Uterine leiomyomata (“fibroids,” “myomas”) represent a 
frequent dilemma in reproductive medicine with a prevalence 
rate as high as 40% in women of reproductive age [36–38]. 
The cumulative incidence of leiomyomata increases with 
advancing age reaching 70–80% by age 50 [39]; this contributes 
to the increasing cumulative reproductive hazard associated 
with aging. An ultrasound study identified fibroids in almost 
70% of Caucasian and >80% of African American women 
from a randomly selected population of 35–49-year-old 
women regardless of whether they had symptoms attributable 
to fibroids [40]. Approximately 12.6% of women undergoing 
IVF have fibroids [41]. The impact of leiomyomata on fecun-
dity is difficult to assess largely due to varying individual 
presentations that complicate the implementation of con-
trolled trials. Furthermore, the field is muddied by the lack of 
functional definitions, varied fibroid detection methods, and 
properly designed studies [39].

Indeed, uterine fibroid classification schemes are descriptive 
only. They do not adequately account for fibroid size, number, 
contiguity, biological behavior, and spatial orientation (such 
as cervical, fundal, peri-ostial, etc.). Because fibroids and even 
a single fibroid can be located in any or all of the traditionally 
defined locations (subserosal, intramural, or submucosal) 
simultaneously, they are not readily classifiable into clinically 
distinct entities.

15.2.1  Diagnosis

Although most fibroids are asymptomatic, symptoms can 
suggest the location of the fibroids. Menorrhagia (the most 
common symptom associated with fibroids) is more typi-
cally associated with a submucosal fibroid location [42]. In 
contrast, subserosal and intramural fibroids are generally 
associated with pain, and when large they may compromise 
bowel and bladder function and lead to a pressure sensation 
within the pelvis [43].

During an infertility evaluation, when not palpable on 
pelvic exam, leiomyomata are typically discovered during 
pelvic ultrasonography or when there is distortion of the 
uterine cavity noted by hysterosalpingography. In the 
presence of a normal cavity by hysterosalpingography 
the diagnosis of uterine leiomyomata is not further enhanced 
by hysteroscopy [44].

Ultrasonography and in particular sonohysterography 
represents the most versatile and clinically useful imaging 
modality for localization of the fibroids and treatment 
planning [45]. For example, hysteroscopy, which generally 
offers excellent direct visualization of submucosal fibroids, 
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cannot establish the diameter or myometrial depth of sessile 
submucosal fibroids. Ultrasound without saline has low 
precision in localizing submucosal fibroids and often overes-
timates their sizes. The addition of saline infusion allows 
an accurate assessment of fibroid impingement into the 
cavity. Thus, there is rarely a practical need for adjunctive 
MRI, CT, or hysteroscopy when planning myomectomy if 
sonohysterography has been successfully performed.

15.2.2  Leiomyomata and Fecundity

Although there is not yet a predictive formula regarding the 
impact of uterine leiomyomata on reproduction that accounts 
for all of the above variables, other lines of evidence have 
recently been systematically analyzed recently in a thoughtful 
and rigorous manner [46]. The evidence was summarized by 
first noting that case series have been used to estimate the 
proportion of infertility attributable to leiomyomata (approx-
imately 2–3%). However, published case series are limited 
by selection and detection biases leaving the true contribu-
tion of fibroids on fecundity debatable from these studies.

A more reliable estimate of the effect could be derived 
from cross-sectional studies of unselected women using the 
most sensitive modern diagnostic technique (transvaginal 
ultrasonography) with pregnancy as the endpoint. But as the 
authors point out, such studies have not yet been performed. 
Despite the high prevalence of fibroids in women of repro-
ductive age, the low estimated association of fibroids with 
infertility makes it challenging to ascertain the specific risk 
factors involved.

The next best study designs to begin to assess causation, 
include cohort and case-control studies. Systematic review of 
these study designs has convincingly revealed that parous 
women have a lower prevalence of fibroids than their nullipa-
rous counterparts, and that the relative risk decreases with 
increasing parity [46]. The four largest such studies had relative 
risks of fibroids in multiparous women ranging from only 0.7 
to 0.8 with none of the confidence intervals crossing one 
[47–50]. These studies unfortunately cannot discern whether 
multiparity is protective against the development of leiomyo-
mata or whether leimomyomata may contribute to subfecundity 
and therefore be overrepresented in nulliparous women.

A better study design would be an analysis of infertility 
with or without the documented presence of fibroids. 
Unfortunately, only two cohort studies [49, 50] and two 
case-control studies [51–53] involving a total of 6,224 
subjects have reported specifically on the association between 
infertility (albeit uncharacterized infertility) in conjunction 
with the presence of fibroids. Interestingly none of the four 
studies could statistically identify an association between 
fibroids and infertility.

Causation also cannot be revealed by the pregnancy 
outcomes of uncontrolled studies of myomectomy. Numerous 
such studies have been published but most have reported 
on series of women undergoing myomectomy without 
documenting whether subjects were infertile before the 
surgery. Only a crude estimate of pregnancy rates following 
myomectomy can be gleaned from the many studies and are 
in the range of 40–60%. Specific predictive factors for 
pregnancy success following myomectomy cannot be eluci-
dated from this form of study. Taken together, these various 
approaches to studying the influence of fibroids on reproduc-
tive capacity have failed to identify an association.

Unfortunately, there have been no randomized trials of 
subfertile women undergoing myomectomy compared to 
expectant management using fertility outcomes as the 
endpoint [54]. In the absence of randomized trials, the most 
productive method of study regarding the impact of fibroids 
on reproduction has been the use of IVF. By controlling for 
many infertility variables, the IVF model helps to isolate the 
effect of fibroids on implantation and miscarriage outcomes 
in infertile populations. Somigliana et al. [46] reviewed 17 
studies of fibroids and IVF and found inconsistent outcomes 
while acknowledging the limitations of the data. The IVF 
studies are unable to offer useful conclusions regarding the 
effects of larger-sized (>4 cm) fibroids that may be clinically 
significant due to the low numbers of large fibroids reported 
among the 17 studies. The study designs, methods of fibroid 
ascertainment, and exclusion and inclusion criteria all 
differed making analysis difficult. However, meta-analyses 
of the IVF and fibroid data have begun to reveal some important 
information regarding the effect of location of the fibroids on 
fecundity.

Whereas tubal occlusion caused by mechanical compres-
sion by fibroids is an obvious potential source of infertility, 
from the five meta-analyses currently available, it appears 
that myomas impinging into the uterine cavity increase 
the risk of infertility [46, 55–58]. A recent review, while 
acknowledging the limitations of current studies, noted 
trends in all major reproductive outcomes indicating that 
implantation in women with submucosal fibroids decreased 
from 11.5% to 3.0%, miscarriage rates increased over 
controls from 22% to 47%, and ongoing pregnancy rates 
demonstrated a decrease from 30% to 14% [41].

The latest two meta-analyses conclude that intramural 
leiomyomata may also negatively impact fecundity, although 
it remains uncertain whether myomectomy of intramural 
fibroids confers a benefit for fecundity [46, 55]. Pritts et al. 
also reported that subserosal fibroids do not impact fertil-
ity potential and importantly, that removal of submucosal 
fibroids appears to be beneficial [55]. These findings suggest 
that adequate implantation is compromised. Mechanistic 
hypotheses include endometrial thinning overlying submucosal 
leiomyomata, vascular alterations induced by the presence of 
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the neoplasms, and inflammatory effects and mechanical 
disruption of implantation similar to the mechanisms pro-
posed for intrauterine device contraception.

The evidence that indicates that myomectomy of submucosal 
fibroids prior to IVF may be beneficial is largely indirect. 
Three IVF studies used women without fibroids as controls 
compared to women who had undergone myomectomy 
[59–61]. The two most recent studies focused on women 
who had undergone myomectomy of submucus fibroids only. 
None of the three studies identified a difference in the 
pregnancy rates from those of controls. Therefore, given 
the evidence that submucosal fibroids diminish fecundity, 
their removal appears to restore fecundity back to expected 
levels. Direct benefit for myomectomy in IVF patients was 
found in one additional non-randomized study comparing 
myomectomy of intramural/submucosal fibroids (with at 
least one being >5 cm) to expectant management. The surgery 
group enjoyed a 25% cumulative delivery rate compared to 
12% for the control group (p = 0.01) [62].

Whereas the IVF data indicates that a submucus location 
of fibroids is a negative predictor of successful implantation, 
the impact of the number and size of leiomyomata remains 
to be determined. To date, the evidence suggests that the 
volume and number of fibroids are less important variables 
than their location regarding fecundity [55].

15.2.3  Treatment Options

Although estrogen is known to promote the growth of 
leiomyomata, exposure to and interaction with other growth 
factors and hormones is complex and not adequately charac-
terized. Leiomyomata contain increased levels of estrogen 
and progesterone receptors as well as elevated aromatase 
levels compared to normal myometrium [63]. Progesterone, 
for some myomas, may actually be more anabolic than estro-
gen. Underlying the unpredictable biological behavior of 
fibroids is a nonrandom genetic heterogeneity, as evidenced 
by observations that only 60% of leiomyoma cells are cyto-
genetically normal. While it has been commonly believed 
that pregnancy is a major risk factor for the growth of leio-
myomata, the hormonal milieu of pregnancy on average 
typically leads to the reduction in volume during the course 
of gestation [64].

Medical therapies meant to alter hormonal growth or 
maintenance of fibroids (GnRH agonists and antagonists, 
aromatase inhibitors, progestational agents including the 
levonorgestrel containing IUD, progesterone antagonists, and 
receptor modulators, androgenic agents, and selective estro-
gen modulators) currently have limited long-term utility for 
the treatment of infertility associated with fibroids. Although 
some are highly promising as adjuncts (none are curative), 

they are either contraceptive or not studied adequately to 
document therapeutic benefit for fibroid-associated infertility 
[65, 66].

Other surgical and non-surgical alternatives to myomectomy 
have been devised in an attempt to control the detrimental 
effects of fibroids including laparoscopic myolysis [67], 
uterine artery embolization (UAE) [68], and MRI-guided 
focused ultrasound [69].

Promising reductions in fibroid size and control of symp-
toms have been reported with these techniques; however, 
there are inadequate data regarding fertility outcomes to rec-
ommend any of these techniques at present for infertile 
women with leiomyomata [63, 65, 70–72]. Most of the avail-
able data regarding reproductive outcomes has been for 
UAE. However, most of this information comes from regis-
tries and other small series, whereas larger prospective expe-
rience will be needed to define the fecundity and pregnancy 
outcomes among women undergoing UAE [71, 73, 74].

A study of 51 women who underwent UAE found a high 
proportion (66%) of the previously normal cycling women to 
have abnormal hysteroscopic findings after UAE such as 
adhesions, protruding fibroids, and a yellow discoloration 
to the endometrium [75]. This raises concern for normal 
reproductive capability. The miscarriage rate was signifi-
cantly higher following UAE in 38 women compared to 
laparoscopic uterine artery occlusion performed in 20 women 
in one prospective study [76]. Higher pregnancy complication 
rates and a lower fecundity rate from historically expected 
rates were also found in a retrospective study of 103 women 
attempting to conceive after UAE [63]. Only 31% of the 
women desiring pregnancy conceived and there were high 
rates of cesarean section (72.7%), postpartum hemorrhage 
(18.2%), prematurity (18%), spontaneous abortion (30%), 
and in addition there were two stillbirths and one ectopic 
pregnancy among the 56 pregnancies that resulted from the 
33 women who conceived [63]. And in the only randomized 
trial of UAE and myomectomy, 121 women with at least one 
fibroid greater than 4 cm in diameter undergoing UAE had a 
lower conception rate and higher SAB rate compared to the 
myomectomy group [77].

Of further concern are reports of premature ovarian failure 
(POF) following unintended ovarian artery compromise by 
UAE. As many as 15% of women experience amenorrhea 
following UAE. Amenorrhea may remain permanently in up 
to approximately 7% due to either POF or endometrial 
compromise [78, 79]. The risk of premature ovarian failure 
appears to be higher with advancing age. A Doppler study of 
ovarian arterial perfusion after UAE noted that 54% of 
patients lost perfusion to the ovaries completely and another 
35% demonstrated diminished perfusion [78]. It has been 
estimated that approximately 3% of young women undergoing 
UAE will develop amenorrhea as a sign of impaired ovarian 
function [80]. However, even without overt amenorrhea or 
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documented premature ovarian failure, it is possible that 
ovarian reserve and endometrial function may be harmed by 
UAE. This possibility is supported by a study of 88 premeno-
pausal women undergoing UAE for menorrhagia. Basal FSH 
and anti-Mullerian hormone (AMH) levels were drawn and 
followed for 24 months after UAE. Mean basal FSH levels 
increased, and AMH levels decreased compared to the 
expected changes due to ovarian ageing over the 2 years of 
follow up [81].

In contrast to the experience with UAE, expected 
pregnancy and miscarriage rates appear to be similar for 
women who undergo myomectomy prior to IVF compared to 
age-matched women without fibroids [59–61]. Given the 
data to date regarding UAE, it remains prudent to dissuade 
the procedure in women who desire to conceive [80, 82].

15.2.4  Planning Myomectomy

Because no medical therapies can eliminate leiomyomata, 
and ablative methods pose other potential reproductive 
hazards, surgical management remains the cornerstone of 
therapy when the goal is preservation and optimization of 
reproductive function [37]. Yet, there are no randomized 
trials of expectant management compared to myomectomy 
when fibroids are the sole detectable infertility factor. This 
paucity of quality literature regarding therapeutic options for 
uterine leiomyomata, prompting one group after having 
performed an extensive literature review to comment that 
“The current state of the literature does not permit definitive 
conclusions about benefit, harm, or relative costs to help 
guide women’s choices” [39].

Even so, decisions must be made based upon the cumulative 
evidence to date. In an often cited review article almost 30 
years old, Buttram and Reiter (1981) [36] offered some 
practical advice. Women with fibroids should be allowed a 
6–12-month trial of conception attempts before considering 
myomectomy unless symptoms or rapid growth prompt 
quicker intervention. Since that time there are new information 
and new technology that have now shaped a different approach 
to the dilemma of fibroids in women who desire to conceive. 
Parker suggests that for women with fibroids desiring fertility, 
uterine cavity evaluation is the preliminary step to guide 
management. If there is no deformation of the cavity by 
fibroids, then pregnancy can be attempted without interven-
tion [65]. The American Society for Reproductive Medicine’s 
Practice Committee advises a comprehensive infertility 
evaluation for both partners before making an operative deci-
sion for a myomectomy [82]. In addition, before deciding on 
myomectomy, Somigliana et al. recommend individualized 
counseling including consideration of such important factors 
as the age of the woman, the location, number and sizes of 

fibroids involved, and an assessment of other symptoms 
related to the effect of fibroids on the quality of life of the 
patient [46]. Also factored into the discussion with patients 
should be careful review of the potential reproductive 
outcomes including surgical and pregnancy complications. 
Therefore, the pros and cons of each situation must be 
carefully weighed and discussed with women faced with the 
decision of whether to undergo myomectomy. Some of 
the important considerations follow.

15.2.5  Considerations Favoring Myomectomy

The perception of many gynecologists has been that 
myomectomy is a far riskier procedure than hysterectomy 
so that some recommend hysterectomy for women with 
symptomatic fibroids despite their desire for continued 
childbearing potential. There is now evidence that in the 
hands of properly trained gynecologic surgeons, the surgical 
risks of myomectomy are no higher than those of hysterectomy 
and may in fact be lower [83, 84]. The risk of emergency 
hysterectomy after initiating myomectomy appears to be less 
than 1% [80].

The usual common denominator for considering 
myomectomy as opposed to medical or interventional radio-
logic therapies for fibroids is the patient’s desire to experi-
ence future pregnancies. Gestational surrogacy following 
hysterectomy for fibroids remains an option but its legal, 
financial, and emotional burdens make it an unpopular if not 
impossible option for most women.

The data from the IVF literature indicate that submucosal 
fibroids, and to a far lesser extent intramural fibroids, have a 
deleterious effect on fecundity and that successful myomec-
tomy of submucus fibroids appears to restore fecundity to the 
age-expected potential. Therefore, when submucosal and/or 
intramural fibroids are present in an infertile but otherwise 
asymptomatic woman, the decision to pursue myomectomy 
should be carefully balanced with a number of other factors 
including the relative potential contribution of the fibroids to 
the woman’s infertility after any other infertility factors have 
been ascertained. The decision to pursue myomectomy is 
often made easier when factoring in fibroid-associated symptoms 
such as pelvic pain or pressure, compression of the bladder 
causing urinary frequency, compression of the rectum leading 
to difficulty with defecation, and anemia and/or abnormal 
uterine bleeding. Cosmetic disfigurement is sometimes another 
factor leading some infertile women with myomas to consider 
myomectomy.

When leiomyomata are present, there are at least two 
circumstances in which direct surgical intervention is indi-
cated as compared to hysterectomy and its alternatives. The 
first is the finding of hydronephrosis in the face of fibroids 
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impinging in the vicinity of the corresponding ureter. If on 
the initial clinical diagnosis of leiomyomata, immobile masses 
emanating from the uterus are noted to fill the pelvis, it is 
prudent to rule out hydronephrosis by ultrasound or IVP.

The second reason for direct surgery is when cancers of 
the uterus including uterine sarcoma are suspected and a 
tissue diagnosis and staging are required. Rapid fibroid 
enlargement does not usually predict the presence of leio-
myosarcoma (Parker, 1994) However, when associated with 
pelvic pain, abnormal bleeding, or a mass prolapsing through 
the cervix, uterine enlargement should prompt a preoperative 
evaluation for sarcoma that includes lactate dehydrogenase 
and its isoenzymes along with a pelvic MRI with gadolinium 
[85]. These tests in combination are highly sensitive for the 
diagnosis of leiomyosarcoma.

The decision of whether to pursue myomectomy for 
asymptomatic submucosal fibroids detected in a woman who 
has not yet attempted to conceive is problematic. The argu-
ment that all fibroids will eventually grow to the point of 
intervention cannot be substantiated. Fibroid growth cannot 
be predicted [39]. However, there is some risk that waiting to 
intervene could compromise reproductive potential by dam-
aging tubes and/or endometrium or by making future surgery 
more difficult and risky. Aside from this future unpredictable 
risk of infertility when myomas are encountered, there are 
other compelling reasons to consider myomectomy in the 
face of submucosal fibroids. One is the probable decreased 
risk of spontaneous abortion following myomectomy. 
Mechanisms postulated to cause the increased spontaneous 
abortion rate associated with fibroids include fibroid degen-
eration, uterine vascular alterations, enhanced contractility 
of the myometrium, and direct impingement upon the con-
ception site. Cohort studies have yielded mixed results but at 
least one well-done cohort study of pregnant women noted a 
significantly (p < 0.05) higher rate of spontaneous abortion in 
a group of 143 women with fibroids (14.0%) compared to a 
control group without fibroids (7.6%) [86]. Miscarriage rates 
were highest in women with multiple fibroids. Furthermore, 
the majority of uncontrolled observational studies after 
myomectomy demonstrate a convincing decrease in sponta-
neous abortions from a presurgical rate of approximately 
41% to 73%, down to the 13% to 26% range [4, 36, 41, 87].

Another logical reason to consider myomectomy is the 
possibility that removal of fibroids may reduce some of 
the risks of pregnancy complications associated with leio-
myomata. A number of serious pregnancy complications, 
although relatively uncommon, appear to be increased in 
women with fibroids based on sizeable cohort studies. 
One of the most frequently encountered fibroid-associated 
symptoms is pelvic pain and pressure encountered in approx-
imately 15% of pregnant women with fibroids [80, 88]. 
Fibroid-associated pregnancy complications are not restricted 
to the antepartum period but also include complications of 

labor, delivery, and the postpartum period. Increased 
risks have been reported for antenatal bleeding, cesarean 
section, preterm delivery, fetal malpresentation, obstructed 
labor, intrauterine growth restriction, premature rupture of 
membranes, placental abruption, placenta previa, and post-
partum hemorrhage in association with leiomyomata 
[46, 80–90]. Most of these associations suffer from ascer-
tainment bias, publication bias, and low study power so that 
the conclusions must be interpreted with caution. Also, 
increased cesarean section rates, mainly due to malpresenta-
tion, appear to be supported by the literature, whereas the 
bulk of the literature does not demonstrate increased rates of 
intrauterine growth restriction or preterm premature rupture 
of membranes [41].

The high estrogen and progesterone concentrations 
during pregnancy have been proposed as a predisposing 
environment for rapid fibroid growth that can outpace the 
fibroid blood supply leading to subsequent fibroid degeneration. 
Although a known entity, fortunately clinically significant 
fibroid degeneration requiring admission for pain control 
and fetal surveillance is an uncommon complication of preg-
nancy [64].

15.2.6  Disadvantages of Myomectomy

There is a small but real chance that myomectomy results in 
the loss of reproductive potential should there be surgical 
complications resulting in injury to the fallopian tubes, 
endometrium, ovaries, or even complications leading to 
hysterectomy. Fortunately, such serious complications are 
uncommon, but naturally, the risk increases with increased 
uterine volume and distortion of the normal anatomy due to 
multiple fibroids [91]. Complications common to all major 
abdominal surgeries remain pertinent, including pain, seri-
ous hemorrhage leading to transfusions and/or hysterectomy, 
damage to surrounding structures (especially the ureter and 
bladder when the anatomy is distorted), periadnexal 
and bowel adhesion formation, complications of anesthesia, 
infection, and thromboembolic complications. However, several 
residual risks are specific to myomectomy and deserve 
discussion with patients preoperatively. Uterine rupture is 
probably more likely during labor if the myometrium has 
been breached during myomectomy thereby obligating the 
recommendation for future cesarean sections following most 
myomectomies done to preserve fertility. Case reports of 
Asherman syndrome following myomectomy highlight the 
possibility of its occurrence but the incidence has not been 
estimated in large series.

Another problem is the frequent inability to adequately 
resect some fibroids. This may be due to difficulties with 
access or the inability to detect some fibroids within an 
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enlarged and distorted uterus. It is impractical to determine 
clinically whether fibroids detected after initial myomec-
tomy are persistent or newly formed. The cumulative risk 
for the detection of fibroids after an initial myomectomy 
detectable by ultrasound rises steadily to approximately 50% 
by 5 years postoperatively [92]. In an older study, when 
myomectomy of multiple fibroids was performed, 59% had 
recurrence and 26% of that needed either myomectomy or 
hysterectomy thereafter [93]. Fortunately, a more contem-
porary study demonstrated that 5 years after myomectomy, 
only approximately 5% of women will have clinically relevant 
fibroids from either persistent or newly formed fibroids [94].

A multicentered retrospective cohort study of 512 women 
analyzed the variables most predictive of fibroid recurrence 
following laparoscopic myomectomy [95]. The lowest recur-
rence rate was predicted when women at the time of surgery 
had only a solitary fibroid, were less than 35.5 years old, had 
a uterus less than 13 weeks gestational size, and had low 
blood loss and operative time. Achieving a pregnancy after 
the original myomectomy was also predictive of a low chance 
of recurrence [92, 95]. Interpretation of this finding remains 
unclear. It is possible that the hormonal milieu of pregnancy 
helps prevent fibroid recurrence but also possible that those 
women with recrudescent fibroids suffered more infertility 
and therefore were selected out from the group who achieved 
pregnancies.

When considering myomectomy, the potential gain must 
outweigh the possible morbidity of the procedure. When 
there are only intramural and/or subserosal fibroids, the 
modest improvement in reproductive outcomes, if any, may 
not justify the performance of myomectomy.

15.2.7  Myomectomy

When the decision to perform myomectomy has been made, 
the initial approach should include consideration of whether 
additional specific evaluation should be pursued for 
hydronephrosis and/or leiomyosarcoma. A preliminary 
determination of the hematocrit is also a wise precaution 
because women with fibroids are sometimes anemic but 
asymptomatic having compensated clinically because of the 
chronic nature of their menorrhagia. If chronic abnormal 
bleeding exists, then a precautionary office endometrial 
biopsy is necessary. Adequate pre-procedural imaging 
generally with sonohysterography that is best performed 
by the surgeon, will help to define the spatial relationships, 
locations, and dimensions of the fibroids so that a logical 
surgical approach can be planned. If there are submucus 
leiomyomata embedded <50% into the myometrium in an 
otherwise asymptomatic woman with fibroids, then hystero-
scopic myomectomy will be the least invasive approach. 

Large transmural fibroids or intramural fibroids with a 
substantial submucus component are generally best removed 
by abdominal myomectomy, although skilled laparoscopic 
surgeons capable of performing multilayered myometrial 
closures including the important endometrial layer, may 
choose to consider a laparoscopic approach [65].

Once preoperative evaluation is complete, one of the first 
questions to address is whether a GnRH agonist (GnRH-a) 
or antagonist is an appropriate adjunct to facilitate the 
myomectomy. GnRH-agonists, mostly by lowering estro-
gen and progesterone exposure to fibroids (which contain 
receptors to both of these sex steroids), can substantially 
decrease fibroid size [96]. In one study, the average reduc-
tion of volume of fibroids was 30%, whereas non-fibroid 
uterine volume also diminished such that the total uterine 
volume decreased an average of 35% following 6 months of 
GnRH-a [98]. Despite the impressive temporary decrease in 
fibroid and uterine size (mostly within the first 3 months of 
GnRH-a use) fibroid volume returns to pretreatment size 
almost as quickly as it was reduced. The use of a preopera-
tive GnRH-a has not been shown to decrease the transfusion 
rate with myomectomy and many gynecologists have the 
perception that the use of GnRH-a leads to more fibrosis of 
the fibroid pseudocapsule making dissection and repair 
of the uterus more technically difficult. One other problem 
with the use of GnRH agonists is the diminution in size of 
myomas such that they are not detectable at the time of 
myomectomy, only to regrow postoperatively to clinically 
troublesome sizes. This persistence of fibroids following the 
use of GnRH-a was demonstrated in a small randomized 
study of 24 women. In the group randomized to the use of 
GnRH-a for 3 months prior to myomectomy, there was a 
64% rate of detection of fibroids at least 1.5 cm in diameter 
by ultrasound 3 months postoperatively. In the control group 
who did not use GnRH-a, persistent fibroids could only be 
detected in 13% [92].

Therefore, for a woman with fibroids desiring preg-
nancy, GnRH-a generally is not indicated but may be appro-
priate when there is anemia or when it is important for the 
patient to attempt to shrink the fibroids down to a point 
where myomectomy may be performed through a low 
transverse incision rather than using a less cosmetic vertical 
incision [96]. Likewise, a GnRH-a can potentially facilitate 
a laparoscopic myomectomy with its subsequent quicker 
recovery time [65]. When there is anemia due to fibroid-
associated menorrhagia, GnRH agonists can be highly 
effective in reversing the anemia preoperatively [96]. A 
safe and effective alternative is the use of subcutaneous 
human recombinant erythropoietin beginning several weeks 
prior to the scheduled surgery [99]. Without reported side 
effects, erythropoietin promises to be a better tolerated 
therapy than GnRH agonists for the restoration of normal 
hemoglobin levels.
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15.2.8  Minimizing Blood Loss During 
Myomectomy

Blood loss during myomectomy represents a major potential 
morbidity. Preoperative preparation can help minimize 
the risk. The blood loss associated with myomectomy can 
result from loss of control of a major vessel such as an 
inadvertently divided and retracted uterine artery especially 
when there is extreme distortion of the anatomy caused 
by myomas. More commonly, serious blood loss is due 
to deceptively slow oozing because fibroids do not have 
a solitary feeding vessel, rather a plexus of vessels that 
encircles each fibroid [100]. Along with assuring a maximal 
hematocrit preoperatively, the surgeon is well served to have 
blood typed and screened or even cross matched prior to 
initiating the surgery. There should be periodic communica-
tion with the anesthesiologists throughout the case regarding 
estimated blood loss.

Formerly, it was routine in many centers to arrange 
autologous blood banking prior to myomectomy. Several 
advances have shifted the risk–benefit ratio away from 
routine autologous blood banking. Cell saver technology can 
minimize the need for transfusions and should be available 
prior to myomectomies. One retrospective study of 91 
abdominal myomectomies performed by one surgeon for 
uterine size ³16 weeks, reported a mean estimated blood loss 
of 794 mL and a liberal use of the cell saver in over 75% of 
the cases [91]. With the use of the cell saver, homologous 
transfusion was limited to 8% of the patients. Intraoperative 
irrigation with heparinized saline (5,000 IU per liter of 
normal saline) allows the use of the cell saver.

Another important tool to remember when hemorrhage is 
life-threatening, is the use of recombinant factor VIIa. This 
factor promotes the terminal functions of the extrinsic 
clotting pathway, thereby bypassing the initial stages. After 
administration of 50–100 mcg/kg IV, bleeding cessation is 
anticipated within 40 min and can be seen as quickly as 
10 min after dosing. A second dose can be used 2 h after 
the first when needed. Although expensive, the treatment can 
be life saving.

Preoperative imaging can help estimate the sizes and 
locations of fibroids; however optimal planning of uterine 
incisions when multiple fibroids are encountered awaits 
visualization and palpation of the uterus during abdominal 
myomectomy. Several principles apply when planning the 
number and location of uterine incisions. When possible, 
anterior incisions are preferable because posterior incisions 
are associated with more adhesion formation and exposure is 
more difficult to obtain [101]. The arcuate vessels in the uterus 
run transversely across the uterine fundus [102]. Therefore 
transverse incisions stand to minimize blood loss by limiting 
the number of arcuate arterioles that are compromised [91]. 

A balance must be reached between minimizing the number 
and length of incisions on one hand, while limiting the amount 
of tunneling through myometrium to reach deep fibroids, on 
the other. Tunneling promotes hematoma formation and 
diminishes exposure. In general, it is best to fastidiously 
close dead space in multiple hemostatic layers before making 
the next required myometrial incision in order to minimize 
blood loss and possibly reduce the probability of uterine 
rupture during pregnancy [101].

When the incision locations have been selected, it has 
become common prior to first incision to inject the synthetic 
vasopressin, pitressin for its vasoconstrictive effects in order 
to minimize blood loss. Some surgeons inject pitressin 
directly into the fibroids but myoma tissue itself is not well 
vascularized. Most bleeding appears to emanate from the 
vascular plexus that encircles the myoma and the surround-
ing vascular myometrium. Therefore, vasopressin (20U in 
20 mL of normal saline) is injected directly into the myome-
trium and serosa surrounding fibroids. This technique has 
been shown to be as effective as the use of mechanical 
tourniquets in controlling blood loss in a randomized trial 
[103]. Not only does the vasoconstriction limit blood loss, 
but pitressin has also been postulated to stimulate myome-
trial contractions, thereby effecting a cleavage plane between 
the fibroid and its surrounding myometrium [104]. An alter-
nate route of administration of pitressin is injection of very 
dilute (4 U in 80 mL of normal saline) into the cervical 
stroma prior to the start of myomectomy. This is done in the 
same manner as a paracervical block using 10 mL of the 
diluted pitressin into each of the four and eight o’clock posi-
tions. This technique in a randomized placebo-controlled 
study of 106 women undergoing operative hysteroscopy, 
demonstrated a significantly reduced blood loss in the pitres-
sin group [105]. The benefit may occur from less general-
ized blood flow to the uterus or to a preferential decrease in 
bleeding from submucosal myoma sites. The technique can 
be used in conjunction with localized myometrial injection 
of pitressin.

From the first incision into the myometrium, the myo-
mectomy should proceed expeditiously. Slow bleeding can 
give a false sense of security, whereas the cumulative blood 
loss from slow bleeding can lead to profound anemia if 
neglected. Also, the effective half-life of pitressin is approxi-
mately 30 min. Therefore, the majority of the myomectomy 
should be completed by that time. If more time and more 
pitressin are required, skin closure should be delayed until at 
least 30 min after the last pitressin was administered to help 
assure adequate hemostasis. Side effects of pitressin include 
hypertension and pulmonary edema from its antidiuretic 
properties. For safety, one technique has been to use dilute 
concentrations as low as 10 U of pitressin in 60 mL of nor-
mal saline given in 5 mL increments while monitoring for 
hypertension [91].
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Keeping the mean arterial pressure (MAP) at approximately 
60 mm of Hg will also help to minimize blood loss during 
myomectomy. The MAP should be raised following myo-
mectomy and the incision sites observed for bleeding prior to 
skin closure.

It is prudent to be prepared to use tourniquets in the event 
of excessive hemorrhage during myomectomy that is resis-
tant to the use of pitressin. Prior to first incision, survey the 
anatomy to plan placement of fenestrations through the broad 
ligaments in order to place a tourniquet around the lower 
uterine segment. This helps stanch the pulse pressure of the 
ascending uterine arteries. When needed, more tourniquets 
can be positioned around the ovarian artery blood supply 
bilaterally between the ovaries and the uterus.

If oozing continues to occur from the myometrial incision 
sites and that bleeding responds to pressure, another practical 
adjunctive technique that can be used to help secure hemo-
stasis is placement of a B-Lynch stitch. Originally devised to 
control post-cesarean section bleeding from atony [106], 
the stitch can add another option along with pelvic artery 
ligations, intrauterine balloon tamponade, and interventional 
radiologic embolization before resorting to hysterectomy in 
the persistently bleeding post myomectomy patient.

Another helpful measure while performing myomec-
tomy is the routine placement of a balloon catheter into 
the uterine cavity during vaginal preparation. A number 18 
Foley can be used with the tip above the balloon removed. 
This accomplishes several tasks. First, when there is uterine 
distortion by fibroids the position of the uterine cavity 
can be deceptive. Palpation of the balloon through the 
myometrium can sometimes help to establish the position 
of the cavity. Second, indigo carmine can be passed through 
the catheter so that entry into the cavity can be readily 
appreciated. Third, the critical repair of the endometrium is 
facilitated by the presence of the balloon both as a stent 
and to ascertain when adequate reapproximation of the 
endometrium is accomplished by observing any leakage of 
indigo carmine. An intrauterine balloon can also be helpful 
when there is diffuse bleeding following myomectomy 
by applying internal pressure to endometrial sites of 
hemorrhage. Finally, the balloon can be left in place for 10 
days following myomectomy when the endometrial cavity 
has been breached in an attempt to minimize intrauterine 
synechiae formation.

A final surgical question is whether the use of barrier 
products can reduce adhesion formation. To date, there are 
no data regarding the use of such agents in enhancing future 
pregnancy rates following myomectomy. However, a 
Cochrane review found evidence that Interceed (Ethicon, 
Cincinnati, OH) does reduce adhesion formation after 
gynecologic surgery [107]. A prospective nonrandomized 
study of adhesion-prevention agents following laparoscopic 
myomectomy confirmed the utility of Interceed and also 

found benefit with the use of Seprafilm (Genzyme, Cambridge, 
MA) and fibrin-glue [108].

15.3  Adenomyosis and Infertility

Adenomyosis uteri is a histopathological diagnosis 
characterized by the finding of heterotopic endometrial 
glands and stroma within the myometrium with surrounding 
smooth muscle hyperplasia. It can be suspected clinically 
by symptoms of uterine pain, and menorrhagia, by uterine 
imaging techniques and by gross inspection, but its confirma-
tion requires microscopic examination. It was first described 
by Rokitansky in 1860. The diagnosis is generally made only 
when endometrial glands are identified >2.5 mm from the 
junction of the endometrium and myometrium [109].

15.3.1  The Etiology

A prevailing belief is that adenomyosis begins from eutopic 
endometrium that infiltrates into the myometrium [110]. 
The downward growth of the endometrial glands and stroma 
has been termed “inverted polyps.” Though confirmation of 
this hypothesis is lacking, the frequent surgical finding 
of adenomyomas that are contiguous with the endometrium 
lend credence to the hypothesis.

An opposing hypothesis promotes the possibility that 
metaplasia or neoplasia of stromal cells under the influence 
of autocrine and/or paracrine factors, which are the interme-
diaries of genetic, immunologic, and endocrine influences 
can lead to the development of adenomyosis in situ 
[111–113]. Similarly, others have suggested that abnormal 
myometrial development is present first, and that then allows 
adenomyosis to develop in situ [114, 115]. In a variation of 
this hypothesis, the inner subendometrial layer of myome-
trium (called the junctional zone), which is often distinct 
from the outer layer of myometrium by MRI, is the proposed 
abnormal layer of the myometrium [116]. Indeed, the inner 
and outer myometrial layers originate from different embry-
ological origins. The junctional zone and the endometrium 
are derived from the paramesonephric ducts, whereas the 
origin of the outer myometrium is nonparamesonephric 
[109, 117]. The inner junctional zone is approximately 
5 mm thick, whereas the outer myometrium averages 
10 mm in the fundal regions. Interestingly an association 
has been reported between trauma to the endometrial myo-
metrial junction by surgical procedures and the presence of 
adenomyosis [118]. Also, the very fact that adenomyosis 
tends to be more common in parous women suggests that 
vascular/trophoblastic infiltration of the endometrial and 
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junctional zone may be involved in the pathogenesis of 
adenomyosis.

A mechanistic hypothesis presents evidence that abnormal 
myometrial hyperperistalsis and in particular, abnormal 
contractility of the junctional zone may promote the disloca-
tion and down growth of the basal endometrium into the 
myometrium [114, 115, 119]. The etiology of adenomyosis 
will require further clarification.

15.3.2  Patient Characteristics

Predisposing characteristics of patients with adenomyosis 
appear to include multiparity and age in the 30s and 40s 
[110] with the majority being over 50 [120], although rare 
case reports have noted that adenomyosis can occur in nul-
liparous juveniles as well [121]. Adenomyosis appears to 
become more prevalent with age [122]. A study of adeno-
myosis diagnosed by MRI criteria found evidence of infil-
tration of adenomyosis into the myometrium, beginning 
early in the third decade, especially in women who have 
concurrent endometriosis. After age 34, the presence of 
adenomyosis appears to accelerate in women with or with-
out endometriosis [123]. Spontaneous abortion and dilation 
and curettage may be risk factors for developing adeno-
myosis [51, 124]. Other factors associated with adenomyo-
sis include early menarche (£10 years of age), short 
menstrual cycles (£24 days), increasing parity and obesity, 
all of which are associated with greater-than-average expo-
sure to estrogen [120].

15.3.3  Manifestations

The uterus is generally enlarged with a “boggy” feel on 
bimanual examination due to the spongy glandular tissue 
within the myometrium and the surrounding hyperplastic 
myocytes. Adenomyosis tends to be sporadically located 
throughout the myometrium, although it is more commonly 
observed in the posterior wall than in the anterior wall. It has 
occasionally been noted to extend from endometrium through 
to the serosa. Generally adenomyosis is not found as exo-
phytic lesions extending submucosal or subserosal. However, 
ectopic locations of adenomyosis have been reported such as 
in the rectovaginal septum [125].

Symptoms and signs including abnormal uterine bleeding, 
dysmenorrhea, chronic pelvic pain, dyspareunia, and dyschezia 
have traditionally been ascribed to adenomyosis. However, 
some authors feel that adenomyosis is not the source of 
pathologic symptoms rather a normal variant found incidentally 
[126].

15.3.4  Prevalence

Reported prevalence rates for adenomyosis vary depending 
on the populations studied. Women undergoing hysterec-
tomy for benign disorders have been reported to have adeno-
myosis ranging from 20 to 36% [117, 127]. However, it is 
uncertain what proportion of women of reproductive age in 
general have adenomyosis. An MRI study of 67 women 
without endometriosis found a prevalence of 9% while a cor-
responding group of 160 women with endometriosis detected 
a very high 79% prevalence of adenomyosis [122].

A higher prevalence of adenomyosis among women with 
unexplained infertility would imply that adenomyosis is 
involved in infertility, but a prevalence study of this cohort 
has not been done. However, a report of 26 infertile women 
with dysmenorrhea and/or menorrhagia and either primary 
or secondary infertility identified adenomyosis in over half 
of them (53.8%) [17]. The diagnoses were made using MRI 
criteria and were not confirmed histologically.

15.3.5  Diagnosis

Diagnosis requires histologic confirmation of adenomyosis. 
Therefore an invasive procedure to sample the uterine 
myometrium is required to make a definitive diagnosis. 
Laparoscopic and transvaginal needle biopsies are impractical 
not only for their invasiveness but also because adenomyosis 
loci tend to be scattered throughout the myometrium and not 
apparent on the uterine serosal surface.

An important gap in our knowledge base is the lack of 
correlative histologic data of women suspected of having 
adenomyosis only by signs and symptoms. Some clinical 
studies have used only clinical suspicion as their diagnostic 
criteria for adenomyosis. There is recent evidence from 
histologic examination of hysterectomy specimens that the 
clinical severity of adenomyosis in terms of the presence of 
anemia, dysmenorrhea, and menometrorrhagia correlates 
with the depth of infiltration of adenomyotic foci [128]. 
However, the study did not publish the test characteristics of 
clinical symptoms correlating with histologic evidence of 
adenomyosis.

Non invasive imaging techniques with high sensitivity 
and specificity are required to diagnose, treat, and follow 
the course of adenomyosis. The best studies of diagnostic 
imaging techniques have relied upon histologic confirmation 
of adenomyosis.

The techniques that have proven to have reasonable 
test characteristic for adenomyosis include transvaginal 
sonography and MRI. Computed tomography has poor test 
characteristics for adenomyosis because the foci are difficult 
to differentiate from myometrium [129].
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Due to the large variation and presentation of adenomyosis, 
the use of transvaginal ultrasonography (TVUS) remains a 
challenging prospect for even experienced radiologists. 
Areas of adenomyosis scattered through the myometrium 
have been called the diffuse variety, whereas the less common 
localization of adenomyosis has been termed an adenomyoma 
which is frequently confused with a fibroid sonographically. 
Sonography may be best perfomed during the luteal phase when 
the glands are most active thereby enhancing the chance of 
detection of adenomyosis. A number of criteria have been estab-
lished that correlate with the histology of adenomyosis. Most 
commonly, adenomyosis contains heterogeneous hyper and 
hypoechoic areas by ultrasound [130]. Half of the cases of 
adenomyosis contain cysts within the myometrium measuring 
up to 6 mm in diameter [131]. The borders are indistinct in 
comparison with leiomyomata and the network of vessels that 
characteristically surround myomas are absent from the 
borders of focal adenomyomas.

When ultrasound is correlated to histology, the areas of 
decreased echogenicity correlate with hypertrophic myome-
trium, whereas the hyperechoic areas represent islands of 
endometrial glands [132]. Other proposed ultrasound features 
of adenomyosis include subendometrial myometrial cysts, 
subendometrial echogenic nodules, diffuse abnormal echo-
texture of the myometrium, subendometrial linear striations, 
a nodular endometrial–myometrial junction, a poorly defined 
endometrial-myometrial juncture, asymmetric myometrium, 
and a globular configuration of the uterus.

Two experienced reviewers were blinded to the clinical 
presentations and histology of 102 hysterectomy cases (32 
of which had histologically verified adenomyosis) then 
reviewed videotaped sonography of the uterine specimens. 
The ultrasound characteristics contributing most to the 
positive predictive value for adenomyosis proved to be the 
observation of subendometrial echogenic nodules and linear 
striations and asymmetric myometrial thickness [132]. The 
mean sensitivity, specificity, negative and positive predictive 
values, and accuracy of the two sonographers for the 
diagnosis of adenomyosis were 81%, 71%, 90%, 54%, and 
74%, respectively. Along with the systematic evaluation of 
the ultrasound criteria, the accuracy of diagnosis is enhanced 
by the use of real-time imaging compared to static images 
[114]. Realistically, the clinically useful diagnosis of adeno-
myosis by ultrasonography is confined to sonographers with 
a special interest and experience in pursuing the diagnosis.

15.3.6  Magnetic Resonance Imaging  
of Adenomyosis

MRI has sensitivities and specificities comparable to those 
of TVUS in the hands of experienced sonographers for the 

diagnosis of adenomyosis [130]. T2-weighted images of 
adenomyosis generally demonstrate a low signal intensity 
of the lesions and a junctional zone thicker than the normal 
upper limit of 10–12 mm [122]. This thickening can be either 
focal or diffuse [130]. Other MRI criteria for the diagnosis of 
adenomyosis are similar to those for TVUS and include high 
signal intensity linear striations radiating from endometrium 
into the myometrium, high signal intensity foci situated 
within areas of low signal intensity, and poorly defined 
borders of the junctional zone [133]. The secondary criteria 
are used when the thickness of the junctional zone (also 
called the archimyometrium and stratum subvasculare) is in 
the gray zone of 8–12 mm [130]. The thickness depends in 
part on whether the uterus is contracting when the MRI 
images are captured, introducing some inconsistency into the 
interpretation of the static images.

Transvaginal ultrasound represents the most economical 
screen for adenomyosis in the presence of an experienced 
sonographer. However, if the findings are inconclusive, the 
addition of MRI may be of benefit in helping to make the 
diagnosis [134].

15.3.7  Postulated Mechanisms  
of Adenomyosis in Infertility

Preceding confirmation of whether adenomyosis even con-
tributes to infertility, several potential mechanisms have 
been proposed for the possibility. The argument has been 
made that sperm transport directed to the fallopian tubes is 
dependent not only on normal sperm motility, but also on a 
properly functioning contraction pattern of the myometrium 
[122, 136, 135]. An observation was made that women with 
endometriosis have impaired sperm transportation [129]. 
Because there is a strong association between endometriosis 
and the presence of adenomyosis, it has been postulated that 
adenomyosis, by infiltration of the myometrial architecture, 
may disrupt myometrial contraction patterns and therefore 
contribute to infertility associated with endometriosis and 
adenomyosis [122].

Abnormal implantation due to disordered junctional zone 
structure and function has also been a proposed mechanism 
for infertility associated with adenomyosis. Another mecha-
nism could be an abnormality of the inflammatory response 
of both the ectopic myometrial and eutopic endometrial tis-
sue of women with adenomyosis [137]. If either of these 
hypotheses were correct, it would be expected that higher 
SAB rates and recurrent pregnancy loss would also be present, 
but these pregnancy complications in excess of baseline 
have not been confirmed consistently in association with 
adenomyosis.
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15.3.8  Possible Involvement in Infertility

The very fact that adenomyosis is found more frequently in 
parous women clouds any association that the acquired 
condition may have with infertility. Few clinical studies have 
examined whether there is an association between adenomy-
osis and infertility. Therefore, causation cannot be ascribed 
currently. Indeed, the frequent coexistence of adenomyosis 
with endometriosis, endometrial polyps, and leiomyomata 
confound the ability to determine whether adenomyosis 
contributes to subfecundity [122]. Another major confounder 
is the correlation between advancing age and the increasing 
incidence of adenomyosis. Because advancing age correlates 
strongly with diminishing ovarian reserve, the possible 
contribution of adenomyosis to infertility becomes diluted 
without well-controlled studies. Currently no such studies 
exist. Unlike leiomyomata, there are no analyses regarding 
the volume and uterine location of adenomyosis contributing 
to implantation impairment.

The accuracy of detection of adenomyosis is clearly 
important and immediately poses the threat of introducing 
detection bias into clinical investigations. The infertility 
sub-populations studied also promise wide variation that can 
only be addressed with randomization of infertile cohorts. 
With these limitations in mind, an abstract from China leaves 
the impression that adenomyosis may indeed be associated 
with infertility. From a cohort of 22 married women with 
dysmenorrhea, hypermenorrhea, and adenomyosis docu-
mented histologically at the time of conservative surgery, seven 
(31.8%) also proved to have primary infertility and another 
10 (45.5%) had secondary infertility and an additional three 
(13.6%) had recurrent pregnancy losses [138]. Overall 20 of 
the 22 women were affected by reproductive difficulties.

Another study of adenomyosis among an unselected 
group of women undergoing hysterectomy found that among 
103 women histologically shown to have adenomyosis, their 
reproductive span was longer than for the 195 women who 
did not have adenomyosis [127]. This implies that the length 
of time between deliveries in the adenomyosis group took 
longer. Also, the adenomyosis group had significantly higher 
prevalence of nulliparous women.

15.3.9  Studies of Adenomyosis Therapy  
and Subsequent Fertility

Another indirect method to assess whether adenomyosis 
interferes with fecundity is to treat adenomyosis and observe 
whether there is a benefit for subsequent pregnancy rates. 
Fertility-sparing interventions that can be used for adenomyosis 
include conservative focal removal of adenomyomas and 

uterine artery embolization (UAE) procedures [139]. Only 
one report is available among women desiring continued 
fertility with histologically proven adenomyosis who under-
went conservative surgery for adenomyosis [138] (Liu, 1998). 
Five of seven women with adenomyomas subsequently 
conceived but only one of 14 women with diffuse adenomyosis 
had a term delivery following conservative surgery. The 
study was not controlled but importantly a high proportion of 
these women (approximately 90%) had infertility or recurrent 
pregnancy loss prior to their surgery. Nonetheless, the attrib-
utable effects of adenomyosis compared to the surgery on the 
pregnancy rates cannot be deduced.

Likewise, no pregnancies that can be attributed to the 
treatment of adenomyosis have been reported from small 
series of UAE [140–142]. The studies have been confounded 
by the presence of concomitant fibroids prior to UAE. The 
studies were not focused on infertile cohorts but at least 
have generally demonstrated efficacy in reducing uterine 
and junctional zone size as well as a reduction in symptoms. 
The only such study that did examine pregnancy outcomes 
following UAE found that five of six women desiring fertility 
did conceive, but again the attributable effect of adenomyosis 
on fertility could not be ascertained, as the main indication 
for UAE was fibroids [143].

For UAE to be successful for the treatment of adenomyosis 
and the preservation of fertility, it would have to differentially 
eradicate or repress adenomyosis tissue compared to normal 
eutopic endometrium. This remains to be demonstrated. 
MRI follow-up of UAE showed some thinning of the 
junctional zone and areas of devascularization in areas of 
adenomyosis [144]. However, a study examining adenomyosis 
tissue histologically after UAE could identify no effect on 
the adenomyosis [145].

Analogous to the treatment of endometriosis, medical 
suppressive therapies assume that adenomyosis is treatable 
by estrogen deprivation. There are at least five reports involving 
seven infertile women in total with adenomyosis conceiving 
after treatment with GnRH agonist therapy and/or danazol. 
However, cause and effect relationships are not possible 
to analyze. The risk of publication bias is high with only 
successes being reported. Also, some of the diagnoses of 
adenomyosis were presumptive from imaging or symptoms 
alone, and in the other cases with histologic confirmation of 
adenomyosis, the authors also surgically treated endometriosis, 
fibroids, and adenomyomas prior to the medical suppressive 
therapy [146–150].

Risks of a combined medical and surgical approach to 
treating adenomyomas are likely the same as similar treat-
ment for leiomyomata including the obstetrical risks of 
prematurity, uterine rupture with uterine contractions, 
miscarriage, and intrauterine synechiae. An epidemiologic 
study of gravid women who had adenomyosis diagnosed pre-
conceptionally by either MRI or TVUS criteria, demonstrated 
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nearly a twofold adjusted odd ratio (1.96, 95% CI 1.23–4.47) 
of delivering preterm [151]. For diffuse adenomyosis where 
a surgical approach is not practical, a rapid return of adenom-
yosis after medical suppressive therapy has been noted [147].

Given the high correlation between endometriosis 
and adenomyosis along with the uncertain mechanisms 
and contributions of each to infertility, it will be difficult to 
identify cohorts to study the reproductive effects of pure 
adenomyosis [152].

For infertile woman suspected of having adenomyomas 
by symptoms and imaging, after all other infertility causes 
have been addressed, it may be reasonable to consider 
pretreating with a GnRH agonist prior to adenomyomectomy 
taking all of the precautions used for performing myomectomy. 
When diffuse adenomyosis is diagnosed in the circumstance 
of otherwise unexplained infertility, the only proposed 
therapeutic option currently is medical suppressive therapy 
followed by immediate pregnancy attempts. Based upon the 
lack of experimental confirmation of the efficacy of this 
approach, it should be considered empiric therapy. This same 
approach has not proven effective for endometriosis-associated 
infertility and it is only supported by several case reports for 
adenomyosis. IVF is an effective therapy for endometriosis 
associated infertility but IVF has not been tested as a therapeutic 
option for adenomyosis.

15.4  Asherman Syndrome and Infertility

The diagnosis, classification, and treatment of the Asherman 
syndrome have been closely linked to the evolution of 
diagnostic technologies. Although synechiae following intra-
uterine trauma was first described by Fritsch in 1894 [153], 
the syndrome assumed its name after Joseph Asherman’s 
series of papers starting in 1948 culminating in a 1950 paper 
that clinically characterized the condition and incorporated 
hysterosalpingography as a method of detection [154]. 
His observations of pregnancy-related traumatic intrauterine 
synechiae antedated the development of hysteroscopy.

15.4.1  Definition

The term “Asherman syndrome” has persisted and in common 
use has come to define a broad spectrum of physical conse-
quences of traumatic damage to the endometrium that result 
in abnormal clinical manifestations, both menstrual and 
reproductive. The term also implies the presence of synechiae 
within the intrauterine cavity as opposed to only fibrotic 
scarring of the endometrium. Even then, inconsequential 
asymptomatic adhesions within the uterine cavity should not 

be termed Asherman syndrome [155]. Most articles on the 
topic have not defined Asherman syndrome in functional 
terms rather they simply report the presence of intrauterine 
adhesions (IUA) or intrauterine synechiae. All of these terms 
have been used interchangeably but it should be understood 
that Asherman syndrome when accurately defined is a 
functionally-designated subset of IUA.

15.4.2  Clinical Presentation

A classic review by Schenker and Margalioth has provided a 
basis for describing the clinical manifestations of Asherman 
syndrome [156]. The worldwide literature was collated up 
to 1982 and a total of 2,981 cases of IUA were clinically 
characterized. The most common manifestation of intrauter-
ine synechiae was infertility in 43%. Amenorrhea was noted 
in 37% and hypomenorrhea in another 31%. Recurrent 
pregnancy loss represented 14% of the total. In some 
circumstances, Asherman syndrome may lead to amenorrhea 
or hypomenorrhea simply due to relative obstruction of the 
outflow track without intracavitary adhesions.

15.4.3  Pathophysiology

The most common predisposing history for the development 
of intrauterine synechiae is curettage of a gravid or postpartum 
uterus (over 90%) [156]. Observations indicate that there is a 
“critical interval” comprising the second through fourth 
postpartum weeks during which curettage is most likely to 
result in IUA compared to the first week or anytime after 
the fourth part partum weeks [157, 158]. The reason for 
this curious timing has commonly been ascribed to the low 
concentrations of endometrial growth-promoting estrogen in 
the circulation after the first postpartum week.

The importance of trauma to the gravid uterus as another 
predisposing factor for IUA development was emphasized in 
a trial of 82 women with spontaneous abortions. Subjects 
were randomized to medical, surgical, or expectant manage-
ment and then a follow-up hysteroscopy was performed 6 
months thereafter. Filmy IUA were found in 7.7% of the 
surgically managed group but none were observed in 
the expectant and medically managed groups [159]. Other 
traumatic antecedents resulting in Asherman syndrome have 
included cesarean section, uterine infections such as tuberculous 
endometritis, and gynecologic surgeries such as polypectomy 
and especially myomectomy [156].

Although there is a common belief that overly aggressive 
curettage and surgical trauma underlie Asherman syndrome, 
the seemingly innocuous nature of some procedures causing 
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intrauterine damage suggest that other predisposing factors 
may be just as important [160]. Nevertheless, avoidance of 
the use of sharp curettage whenever possible is sensible as 
the incidence of IUA following suction curettage appears to 
be less than when sharp curettage is employed [161].

Along with a low estrogen environment hampering 
endometrial growth, a recently gravid uterus and uterine 
infection have also been implicated as predisposing factors 
[156]. However, each of these possible factors lacks strong 
experimental confirmation. Indeed some observational data 
revealed no correlation between serum estrogen concentrations 
on the day of surgical evacuation following spontaneous 
abortion and the development of IUA [161].

If the pregnancy state predisposes to intrauterine synechiae 
formation, a high degree of risk would be expected in areas 
where manual extraction of the placenta is practiced, but this 
has not been observed. Indeed just the opposite has been 
reported. One practitioner routinely explored the uterine 
cavity for retained products and swept the walls using a 
surgical sponge over gloved fingertips [162]. He reported not 
one known case of IUA in 15,000 deliveries.

Women who have used intrauterine devices where part of 
the contraceptive mechanism is thought to be an endometrial 
inflammatory reaction, have not been shown to suffer higher 
rates of intrauterine synechiae in the absence of perforation 
or overt infection upon insertion. Moreover, uterine infection 
alone does not appear to routinely cause IUA. A group of 
women suffering severe clinical endometritis prior to under-
going cesarean section was compared to a control group who 
had no signs of infection while undergoing cesarean section 
and no difference in the incidence of IUA was found between 
the groups [163].

A genetic predisposition may be another factor, much 
like some individuals appear to have a genetic predisposition 
toward cutaneous keloid formation. Combinations of a 
genetic predisposition, hypoestrogenic environment, endo-
metrial inflammation, and trauma may be required to induce 
the condition.

Histological observations of the endometrium following 
curettage are informative regarding the pathogenesis of 
IUA. No endometrial activity is noted for the first 48 h, but 
by the third day the curetted surface becomes coated with 
flattened cells. Serosanguinous exudates and increased 
PMNs are observed in the basalis layer that ordinarily disap-
pear within seven to nine days. However, associated with 
some curettage procedures, inflammatory aggregates, 
primarily composed of eosinophils, are seen to infiltrate into 
the perivascular spaces between muscle bundles within the 
myometrium [164]. In the case of Asherman syndrome, 
sections of the endometrial stroma become fibrosed and any 
remaining glandular tissue becomes an inactive monolayer 
that is generally unresponsive to hormonal stimulation 
[165]. Histologically, the basalis and functionalis become 

indistinguishable. In fact, histologic sections taken through 
the entire myometrium from women with Asherman 
syndrome demonstrated fibrous tissue three to five times 
that of the control proportions, occupying up to 80% of the 
uterine wall [166]. Another common histologic finding when 
there is an abnormal endometrial/myometrial interface 
(junctional zone) in women with IUA is an increased presence 
of adenomyosis [167].

The fibrous bands that connect opposing uterine walls are 
usually avascular. Often, the generous amount of endome-
trial surface area sometimes visualized at hysteroscopy does 
not accurately reflect the low amount of menstrual bleeding 
that the patient reports. This appears to represent a curious 
phenomenon observed by Asherman [168] wherein the endo-
metrium becomes atretic in the presence of IUA especially 
when the internal ostium is occluded. The physiology of this 
effect is not yet known.

A clue to the development of endometrial traumatic 
damage has been the introduction of endometrial ablation 
techniques. We know from global endometrial ablation 
procedures that the endometrium is difficult to ablate entirely 
with an amenorrhea rate of less than 60% [169]. With the use 
of the resectoscope, endometrial resection must include the 
basalis (regenerative) layer to effectively prevent regrowth. 
It therefore gives some hope that inadvertent IUA may not 
necessarily preclude implantation and/or normal gestation.

The most understandable potential reasons for infertility 
associated with IUA include cervical, uterine, and tubal 
occlusion as well as reduced normal endometrial surface 
area for implantation. A dysfunctional endometrial/myome-
trial interface in areas affected by IUA and a constricted 
cavity with reduced vascularity and contractility may also 
contribute to lowered fecundity as well as the obstetrical 
complications of prematurity and placentation abnormalities. 
It is easy to imagine how in the Asherman syndrome, the 
functional integrity of Nitabuch’s layer can be lost leading to 
placentation abnormalities observed in a proportion of those 
who conceive.

15.4.4  Classification

The Asherman syndrome historically has been a term 
that has been used to encompass a heterogeneous group of 
uterine cavity synechiae. This ranged from isolated cervical 
stenosis to filmy adhesions to complete obliteration of the 
uterine cavity. Because the definition of the syndrome involves 
dysfunction of menses and/or reproductive capability, 
classification systems must now incorporate these elements. 
The simple classification of the severity of Asherman 
syndrome by the amount of cavitary adhesions offers some 
correlation with the ability to conceive, but does not help 
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predict pregnancy complications. Likely this is due to our 
inability to assess the damage and consequent function of the 
critical endometrial/myometrial junction, or to assess for 
the persistence of residual basalis. Unfortunately, no clinical 
markers have yet been described that will reliably predict the 
extent to which regrowth of normally functioning endo-
metrium may occur over areas of endometrial scarring. So, 
whereas classification systems can classify clinical and 
physical findings, they still fall short of the ideal in not being 
able to accurately predict reproductive outcomes [155, 170].

A commonly used classification comes from the American 
Fertility Society (AFS, now the American Society for 
Reproductive Medicine) in 1988 [171]. Developed when 
HSG and hysteroscopy were available, the AFS classification 
antedated the widespread use of the newer imaging tech-
niques that do not require instrumentation of the uterine cav-
ity such as CT, MRI, ultrasound, and three-dimensional 
ultrasonography.

An advantage of the later techniques is the ability to image 
areas of intrauterine cavitation where contrast or hysteroscopy 
may be obstructed by adhesions. Among the non-instrumented 
techniques, only ultrasound provides a helpful, non invasive 
adjunct to the characterization and treatment of intracavitary 
adhesions. It appears that sonohysterography can be used to 
classify intrauterine adhesions [172], but tubal patency cannot 
consistently be assessed with this technique. The AFS descrip-
tive classification attempts to combine scores regarding the 
extent of cavity involvement, the density of the visualized 
adhesions, and the concomitant menstrual pattern into mild, 
moderate, and severe categories. Two practical deficiencies 
of the classification scheme include the lack of accounting of 
tubal patency at the cornua, and importantly, the presence 
and extent of endometrial fibrosis.

The classification from the European Society of Gyneco-
logical Endoscopy accounts for all of these variables and defines 
seven levels of increasing severity [173]. Yet another effort to 
increase the prognostic value of a classification system for the 
Asherman syndrome has since been developed attempting to 
integrate the best of previous classification schemes [173].

The lack of outcome studies using any of the classification 
systems has not allowed reproductive prognosis to be estab-
lished and has hampered the utility of classifications systems 
in counseling patients. Only generalizations can be used 
during counseling to estimate a woman’s relative chance to 
deliver safely in the face of Asherman syndrome.

15.4.5  Prevalence

The true prevalence of the Asherman syndrome remains 
uncertain due to the many detection and measurement variables 

such as the varied populations studied, the awareness 
and aggressiveness of pursuing the diagnosis, definitions, and 
methods used to diagnose the condition. For example, the 
highest rates have been reported in the clinical situation of 
retained products of conception treated by curettage proce-
dures where one such study reported a 40% resultant rate of 
Asherman syndrome [175]. Another group at high risk for 
intrauterine synechiae is women with recurrent pregnancy 
loss (RPL) where the syndrome has been variably reported 
in 5–39% [176–178]. This makes sense because the RPL 
population would tend to have more intracavitary procedures. 
Indeed, hysteroscopy performed after D&C procedures done 
for miscarriages have noted alarmingly high rates of IUA 
between 7 and 30% with the higher rates being associated 
with the use of sharp curettes [159, 161, 179]. Therefore, all 
ob/gyns will likely perform D&C procedures resulting in 
Asherman syndrome multiple times during their careers. 
Overall, Al-Inany has estimated the prevalence of IUA to be 
1.5% in the general population [180]. Indeed, IUA would stand 
to be even lower for the infertile population due to fewer 
pregnancies and therefore fewer intrauterine interventions. 
In fact, one study using sonohysterography for infertility 
evaluation in 600 women identified IUA in only 0.3% of the 
cohort [181]. However, using the more sensitive detection 
method of hysteroscopy to screen women undergoing IVF, 
higher prevalence rates of IUA have been found from 3% to 
22% [3, 16, 17].

15.4.6  Diagnosing Asherman syndrome

While the Asherman syndrome can be suspected by identifying 
a history of previous uterine cavity manipulation, especially 
postpartum, with a subsequent change in menstrual cycles, 
the diagnosis relies upon imaging or direct visualization 
of IUA.

Hysterosalpingography became a part of the infertility 
evaluation in the 1940s. It often has the advantage of outlin-
ing discreet areas of synechiae within the uterine cavity, 
which can assist resection attempts. One disadvantage of the 
HSG for IUA is if there is cervical canal or lower uterine 
segment occlusion, then the upper cavity cannot be imaged 
[3]. Another disadvantage compared to hysteroscopy is that 
the nature of fibrosis of the endometrium and the adhesions 
themselves cannot be ascertained. The test statistics for HSG, 
compared to hysteroscopy as the gold standard for diagnosing 
all visible abnormalities in an infertile population in one study 
included a sensitivity of 98.0%, specificity of 34.9%, positive 
predictive value of 69.9%, negative predictive value of 92.0%, 
and an accuracy rate of 73.2%, with false-positive and false-
negative rates of 30.1% and 8.0%, respectively [3, 182].



25315 Acquired Uterine Factors and Infertility

When TVUS subsequently became available, it demonstrated 
the advantage of being able to document fluid pockets and 
areas of endometrium within the endometrial cavity even 
when the cervix is occluded. These pockets can serve as 
landmarks to help guide resection [183]. A stimulation test 
of areas of responsive endometrium can be done when there 
is Asherman syndrome with the help of TVUS. Estradiol 
(4–6 mg po daily) for a 4-week cycle can be administered, 
then a follow-up TVUS can identify areas of endometrial 
growth compared to baseline. If endometrium proliferates, 
this may be a helpful prognostic sign and also serve to guide 
resection. However, if no endometrium responds to estrogen, 
it may be due to the suppressive effect that IUA have on the 
growth of endometrium (especially when the cervical canal 
is occluded) such that an attempt at resection may still be 
worthwhile.

Overall, sensitivity, specificity, and predictive values for 
TVUS fall below suitable levels for the diagnosis of Asherman 
syndrome [7, 172, 184]. The use of three-dimensional ultra-
sonography is insufficiently studied for IUA to date [166]. 
Likewise, magnetic resonance imaging currently only has an 
adjunctive role in the management of the Asherman syndrome, 
and rarely will add more information than less expensive 
imaging modalities [185].

Sonohysterography (SHG) has better test characteristics 
than transvaginal ultrasonography for the diagnosis of 
Asherman syndrome on par with hysterosalpingography 
[184, 186]. Even when an ostium is accessible to saline, the 
demonstration of tubal architecture and patency by SHG is 
unreliable. It does not appear to add value to HSG findings 
for IUA, but does have better test characteristics compared to 
ultrasound alone.

Widely considered the gold standard for diagnosis and 
treatment of Asherman syndrome is hysteroscopy, with its 
capability of offering direct visualization of the intracavi-
tary structures. Perhaps the most important feature that can 
be distinguished by no other imaging modality is the ability 
of hysteroscopic visualization of synechiae to correlate 
with histologic findings [180]. For example, fibrosis of the 
endometrium appears as glassy avascular patches [187]. 
Synechiae themselves can be composed of fibrous tissue, 
endometrium, and myometrium in any combination. A help-
ful distinguishing maneuver is to instill methylene blue into 
the cavity, then observe for staining, using the hysteroscope. 
The stain is taken up by the endometrium whereas fibrotic 
tissue does not stain well [188]. Another characteristic of 
endometrial tissue is the visible presence of surface gland 
ostia. But even hysteroscopic assessment of apparently 
adequate areas of endometrium cannot predict reproductive 
outcome with accuracy since overlying endometrium can 
mask underlying fibrosis at the level of the myometrial-
endometrial junction [155].

15.4.7  Therapy

Unfortunately, therapeutic measures for Asherman syndrome 
are limited to attempts to restore the anatomy to a normal 
cavity configuration and to try to prevent reformation of the 
adhesions. Functional integrity can only be achieved if there 
is sufficient basalis to allow for adequate implantation, or if 
the endometrial basalis can repopulate by lateral growth 
over the endometrial-myometrial layer from which adhe-
sions have been removed. Currently, there are no known 
growth factors, nanomolecules, or adjuncts that can reliably 
re-establish normal endometrial architecture to areas where 
the basalis has been denuded.

15.4.8  Surgical Procedures

Most reports of the surgical treatment of Asherman syn-
drome consist of uncontrolled case series using a number of 
technologies. Prior to the availability of hysteroscopy, treat-
ment of Asherman syndrome was limited to the use of blind 
D&C to break up adhesions, and do hysterotomy. The expe-
rience with hysterotomy, although invasive, demonstrated at 
a minimum that pregnancies after hysterotomy for complete 
cavity obliteration were still possible. Approximately half of 
31 cases conceived and one-quarter delivered at term [156]. 
Because these hysterotomy outcomes were subjectively bet-
ter than those achieved by blind dissection of the IUA, it 
provided hope that precise division and removal of adhe-
sions by hysteroscopy would be the optimum approach.

Valle and Sciarra first documented efficacy by a hystero-
scopic approach, using scissors to resect IUA [188]. The rapid 
development of a number of techniques, including the use of 
hysteroscopic scissors, unipolar resectoscopes, laser energy, 
and more recently, intracavitary bipolar devices, has extended 
the menu of choices, yet randomized trials between resection 
techniques for Asherman syndrome have not been reported.

Although not well supported by quality data, some gener-
alities based upon theoretic concerns are worthy of consider-
ation. First, hemostasis should be a goal so as not to promote 
recurrence of adhesions. For bleeding sites within the uterine 
cavity, only pressure and coagulation are possible methods 
of hemostasis. The use of thermal energy and its potential for 
further collateral damage to the endometrium must be traded 
off with the benefit of precise hemostasis. A study could 
not find a difference in outcomes, including the development 
of IUA between use of the resectoscope, compared to 
hysteroscopic scissors for resection of uterine septums [189]. 
Another study compared outcomes between the use of a 
resectoscope, compared to a Versapoint bipolar electrosurgical 
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system (Versapoint Electro-Surgical System; Gynecare Inc., 
Menlo Park, CA) that does not risk thermal spread into the 
myometrium [190]. No difference in cumulative delivery 
rates were observed.

A second generalization is that rather than simply dividing 
thick adhesions, they should be resected as close to the surface 
of the cavity as possible to minimize the presence of “foreign 
body” adhesion remnants within the cavity. Another principle 
is to establish patency of the cervical canal. Asherman 
himself described the not infrequent situation where there is 
stenosis of the cervix, generally at the level of the internal 
ostium. The interesting observation in this circumstance is 
that rather than the universal development of hematometra, 
the endometrium is quite often atretic upon curettage and 
visualization even when there are no intracavitary adhesions 
[191]. Asherman termed this circumstance, “amenorrhea 
traumatica atretica,” and noted that most often menses return 
after simply re-establishing patency to the cervical canal 
[168]. This phenomenon implies that the presence of 
menstrual effluvium mediated by cytokine or growth factor 
signaling may shut down the cyclic development of endome-
trium despite the exposure to normal circulating reproductive 
hormones. This phenomenon itself may explain successful 
re-establishment of menses and reproductive potential after 
surgical approaches to some cases of Asherman syndrome, 
whereas the intracavitary adhesions may be more incidental 
than causative.

Whichever technique is selected, the risks of perforation 
and inadequate resection can be minimized by the use of 
adjunctive guidance. This is most helpful when there is com-
plete obliteration of the cavity when the junction between the 
myometrium and endometrium is completely obscured and 
the entry from the cervix is obscured, risking the creation of 
false passages. Cervical preparation with laminaria or the 
use of misoprostol “cervical ripening” can be helpful to gain 
access to the cavity, starting 12–24 h to the procedure by using 
25–50 micrograms vaginally every four–six h. We have found 
better success with the laminaria because the misoprostol 
does not soften adhesions as well as cervical tissue. Thereafter, 
laparoscopic guidance using the transillumination of the 
hysteroscopic light source helps guide resection. Alternatively, 
transabdominal ultrasound guidance can be a very helpful 
and practical adjunctive measure, using a filled bladder as 
the optimum ultrasound transmission window [192].

A technique we favor when complete obliteration of the 
cavity is encountered, was reported on the basis of six 
patients [193]. A 13F Pratt cervical dilator or curved uterine 
sound is gently worked along the lateral edge of the cavity 
until the tip is determined to be in the cornual region, based 
on the movement of the tip of the instrument under laparoscopic 
guidance. The basis for this maneuver is that the myometrial 
wall in the non-gravid uterus is more firm than the adhesions 
that fill the cavity. Thus, one can use the lateral wall as a 
tactile guide while advancing the dilator toward the cornua. 

The endometrium in the apex of the cornua and the tubal 
ostium is usually spared of adhesions in Asherman syndrome. 
This tunneling maneuver is done bilaterally which effectively 
creates a broad-based septum configuration. The intervening 
adhesions are then resected under continued laparoscopic 
guidance. The original report of six cases yielded five preg-
nancies and four deliveries.

In the circumstance where there are dense adhesions 
constricting the cavity of the uterus, a technique of scoring 
the uterine wall with a resectoscopic knife with six to eight 
longitudinal incisions into the myometrium, extending from 
the uterine fundus to the isthmus has been described in a 
series of seven patients [194]. A Collins knife electrode, 
set at 100 Watts of cutting power, was used with 1.5% 
glycine solution as the distention media. The knife makes 4 
mm-deep incisions. Cervical dilation concluded the proce-
dures in an attempt to prevent stenosis. All seven patients 
had subsequent increases in their menstrual flow, including 
two who started with amenorrhea. Two had IUDs placed 
and all were treated with oral estrogens postoperatively. 
Uterine cavity sizes returned to normal in five of the seven 
at hysteroscopy 2 months post operatively, but four required 
repeat scoring procedures. Three women conceived four 
pregnancies after a mean follow-up period of 12 months, 
however, the reproductive outcomes were guarded. One 
woman suffered a tubal abortion, another had an ongoing 
pregnancy, and a third had a first trimester missed abortion 
and then subsequently conceived again and delivered at 36 
weeks after premature rupture of membranes. It was encour-
aging to learn from this series that even incisions into the 
myometrium could presumably yield regrowth of overlying 
endometrium with enough function to host an implantation 
to 36 weeks.

The following year, a French group reported a larger 
series of 31 cases of severe Asherman syndrome using a 
similar technique, including the 4 mm monopolar knife 
(Karl Storz GmbH, Tuttlingen, Germany). Prior to their 
procedures, all patients demonstrated at hysteroscopy, exten-
sive firm adhesions, with agglutination of the uterine walls 
and both tubal ostial areas were occluded [195]. Along with 
longitudinal incisions, several transverse incisions were also 
made along the fundus. Multiple repeat scoring procedures 
were required until the surgeons were satisfied that adequate 
anatomy was achieved. Sixteen of the patients returned for 
one repeat procedure, seven for two repeats, seven for three 
repeated scoring procedures, and one woman required four 
repeated procedures. All had increased menstrual flow. Of 
the 28 patients who were followed up, 32% had live births 
from among the 43% who initially conceived. Of the nine 
live births, two had serious obstetrical complications. Both 
had placenta acreta, requiring hypogastric artery ligation in 
one and cesarean hysterectomy in the other.

As an alternative procedure for “end stage” severe Asherman 
syndrome with complete cavity occlusion, laparotomy with 
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hysterotomy was reintroduced in a series of three women 
with severe Asherman syndrome [196]. Whereas menses were 
restored, none of the three conceived.

Although neither the scoring, the tunneling, or the hystero-
tomy techniques for obliterated cavities have sufficient 
published outcome information, it would seem that laparo-
tomy is best avoided, given the outpatient alternatives and the 
need to recommend cesarean section when hysterotomies are 
made. Nonetheless, women considering any of the hystero-
scopic techniques should be counseled regarding the known 
morbidities and the frequent need for multiple surgeries.

15.4.9  Prevention of Adhesion Reformation

In severe cases, adhesions reform in approximately half of 
hysteroscopic resection cases [178]. Even when IUA are not 
severe, adhesions reform in up to one quarter of patients 
[188]. Four basic strategies have been employed in an attempt 
to diminish adhesion reformation.

15.4.9.1  Pharmacologic

Pharmacologic adjunct used to minimize adhesion formation 
have included antibiotics, sex-steroids, antioxidants, antico-
agulants, and anti-inflammatory agents [156, 197, 198]. 
Randomized clinical trials have not been published to sup-
port the theoretical values of any of these pharmacologic 
adjuncts. Nonetheless, in common use are supplemental 
doses of estrogen in an attempt to hasten the reepithelializa-
tion of the damaged endometrial surface after resection 
[199]. The use of estrogen clearly enhances growth of endo-
metrium [200]. However, evidence for a beneficial reduction 
of adhesion reformation is not available. Various regimens 
have been commonly employed postoperatively. One com-
mon protocol is to prescribe oral estrogen daily for a month 
with or without progestational agents for the last one or 2 
weeks of the course. Dosing has been empiric, with some 
centers using conjugated estrogen doses as high as 2.5 mg 
bid for anywhere from 3 to 8 weeks. Given the nausea that is 
frequently induced by such high doses, much lower doses 
such as estradiol 2 mg daily or conjugated estrogens 1.25 mg 
daily are probably adequate, given their proven ability to 
induce endometrial growth in egg donor recipients, while 
suppressed on GnRH analogues.

15.4.9.2  Mechanical Separation

A second early measure was the introduction of mechanical 
barriers into the cavity in an attempt to separate the endometrial 
surfaces until healing can occur. Intrauterine devices (IUDs) 

were tried [201, 202]. In theory, T-shaped IUDs, compared to 
broader IUDs, may not provide the necessary surface area 
to effectively combat adhesion reformation [203]. Copper 
containing IUDs may induce excessive inflammation that 
could exacerbate adhesion formation [203].

Unfortunately only T-shaped IUDs are currently available 
in the United States, and one of them is copper containing. 
For these reasons, along with the high cost, IUDs are not 
good choices to prevent the reformation of adhesions.

A helpful clinical study has directed clinical practice 
away from IUD use toward the use of 5 mL Foley catheter 
balloons [204]. In a comparative study from Nigeria where 
hysteroscopy was not available at the time, IUA were diag-
nosed by HSG, then treated with blind adhesiolysis. All 
patients in the study had IUA as their only infertility diagno-
sis after complete evaluation. For 4 consecutive years, from 
1991 to 1995, size D Lippes loop IUDs were placed into the 
uterine cavity for three consecutive withdrawal bleeds in 51 
patients. In the ensuing 4 years, also after blind adhesiolysis, 
a size 8 pediatric Foley balloon was placed into the cavity in 
59 patients. The Foley stem was strapped to the inner thigh 
and left in place for 10 days. Patients in both groups 
were treated for 10 days with antibiotics and with 28 days of 
estrogen, followed by five days of norethisterone acetate 
10 mg TID. After three withdrawal bleeds, an HSG was 
repeated in all subjects.

Restoration of normal menses occurred in 81.4% of the 
Foley group, but only 62.7% of the IUD group (p < 0.5). 
Conceptions occurred in 33.9% of the Foley, compared to 
22.5% of the IUD groups. No patient within the Foley group 
suffered perforation or infection, compared to 4% for each 
complication reported in the IUD group. Repeated procedures 
were done for 13.6% of the Foley group and 43.1% of the 
IUD cohort. Overall, use of the Foley was quicker, less expen-
sive, had fewer complications, and was more efficacious.

Another non randomized study compared the use of a 
3.5 mL 10F Foley balloon, left in place for 1 week (n = 32), 
to using nothing (n = 18) following operative hysteroscopy 
for various reasons [205]. Hysteroscopy was performed 6–8 
weeks postoperatively and identified IUA in 50% of the no 
balloon compared to 21.9% of the Foley group (p < 0.05). 
They further analyzed balloon placement after hysteroscopic 
resection of IUA in 12 subjects, compared to eight who 
did not receive a balloon. There was a non significant trend 
in this low-powered study toward less adhesion refor-
mation (33.3%) in the Foley compared to the no-Foley 
(62.5%) group.

Some disadvantages of the Foley catheters remain. They 
are unpopular with patients due to the inconvenience of the 
length of catheter that is left protruding from the vagina 
postoperatively. The catheters are prone to dislodge, espe-
cially with inadvertent traction on the protruding catheter. 
Furthermore, the round balloon shape only separates the 
central uterine walls leaving the important lateral regions 
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susceptible to agglutination. Also, the concentrated pressure 
that a filled balloon places on the endometrium it comes in 
contact with, could lead to devascularization of the affected 
endometrium. Some of these concerns have been addressed 
by the development of a triangular-shaped uterine stent 
(Cook; Spencer, Indiana) that comes in two sizes. The stent 
fits the shape of the endometrial cavity better than a Foley 
balloon or a Malecot catheter. It has a basic flat contour that 
keeps the anterior and posterior walls separated and distrib-
utes the pressure more evenly against the endometrium when 
filled with saline. Even when the properly placed stent is 
partially deflated, it still effects separation of the walls 
without applying excessive pressure to them. The stem that 
is used to inflate and deflate the stent can be rolled up and 
tucked into the vagina for convenience. Anecdotally, we 
have not yet had a stent dislodge or become infected (even 
without ongoing antibiotic use) from among several dozen 
applications. Although there are no efficacy trials using the 
device, it is likely that it has similar efficacy to the use of 
Foley balloons.

15.4.9.3  Adhesion Barriers

A third strategy to discourage IUA reformation has been the use 
of adhesion prevention materials placed into the uterine cavity. 
One such material is Seprafilm™ (Genzyme Corporation, 
Cambridge, MA). It is a bioresorbable membrane made up of 
chemically modified hyaluronic acid and carboxymethylcel-
lulose. It is nontoxic, nonimmunogenic, and hydrates within 
two days into a gel that serves as a temporary mechanical 
barrier. When used in the abdomen, the gel resorbs within 
five to seven days. A randomized clinical trial of its use was 
performed in women undergoing suction evacuation proce-
dures and curettage for spontaneous abortions [164]. In this 
population, 20–50% were expected to develop IUA. Fifty 
women received the Seprafilm™ and 100 controls had nothing 
inserted into the uterus postoperatively. The film sheets were 
cut in half, rolled into cylinders, and the first inserted into the 
cavity under aseptic conditions. The second cylinder was 
placed into the cervical canal such that both the internal and 
external ostia were covered.

In patients who had never had surgical procedures for 
IUA previously, all 32 who were randomized to Seprafilm™ 
conceived within 8 months, while only 54% of the control 
group conceived. In patients who had previously undergone 
one or more D&Cs, only 33% of the Seprafilm™ group con-
ceived compared to 22.7% of the control group (N.S.). Of 
those women not conceiving, 10 Seprafilm™ and 14 controls 
agreed to undergo a subsequent HSG wherein one (10%) of 
the Seprafilm™ group and seven (50%) of the controls 
proved to have IUA. Importantly, no adverse reactions were 
observed in the Seprafilm™ group.

A different formulation of hyaluronic acid, auto-cross-linked 
hyaluronic acid (ACP) gel has also shown promise in dimin-
ishing adhesion reformation within the uterine in a randomized 
clinical trial of 92 women with IUA undergoing hysteroscopic 
resection [206]. The cross-linked ACP renders hyaluronic 
acid viscous, allowing for easier instillation into the uterus 
compared to film sheets. A hook-shaped monopolar elec-
trode was used to resect adhesions hysteroscopically. Those 
randomized to ACP gel (Hyalobarrier gel; Baxter, Pisa, Italy) 
received 10 mL under hysteroscopic guidance until the entire 
cavity from the tubal ostia to the internal cervical ostium 
appeared to be filled with gel. Ultrasound was used for three 
consecutive days thereafter to confirm that the gel continued 
to separate the uterine walls. Antibiotics were administered 
for three days also and diagnostic hysteroscopy was per-
formed 3 months postoperatively. While conception data 
were not available from this report, of the 84 subjects who 
completed the study, six of 43 patients given gel compared to 
13 of 41 women reformed adhesions (p < 0.05). Also, the 
mean AFS adhesions scores were also significantly reduced 
for the ACP gel group.

A small observational study of 25 subjects reported the 
use of amnion grafts inserted into the endometrial cavity, 
draped over Foley balloons for up to 2 weeks [207]. Amnion 
has been successfully used to assist in the healing of other 
epithelial sites such as eye, abdominal wall, and vaginal 
wall. All subjects were undergoing hysteroscopic lysis of 
IUA, graded as moderate-to-severe. By a second hysteros-
copy, 48% of the subjects had reformed IUA (all from the 
severe group of 13 subjects) but in 11 of these, the adhesions 
were graded as only minimal, except two, who had genital 
tuberculosis as the source of their IUA. Overall, five of the 
subjects failed to re-establish normal menstrual patterns. 
Both infectious and immunologic sequelae are possible 
from an allograft, and with the lack of fertility outcome 
data, this technique should be regarded as experimental. To 
date, there have been no trials of autologous skin, perito-
neal grafts, or growth substances for use in the treatment of 
resected Asherman syndrome.

15.4.9.4  Serial Adhesiolysis

A fourth strategy to minimize adhesions after initial sharp 
hysteroscopic resection is to serially reduce filmy reformed 
IUA, using only a flexible hysteroscope starting 2 weeks 
postoperatively, and then every one to 3weeks. The intent is 
to intercede before the adhesions have the opportunity to 
become vascularized and dense. Twenty-four patients, 
symptomatic with Asherman syndrome, underwent this 
quick office technique an average of three times (range, one 
to nine) until no further reformation of adhesions could 
be observed [208]. The resulting rates for the restoration of 
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normal menses and for clinical pregnancies compared favor-
ably, in this small study, to other techniques. However, larger 
randomized studies will be needed to learn whether this 
strategy will have a role in optimizing reproductive outcomes 
in women with Asherman syndrome.

None of the four basic strategies for minimizing adhesion 
formation are mutually exclusive. Therefore, the best 
approach(es) must await systematic study. In the meantime, 
clinicians must individualize their approach with emphasis 
on minimizing risk, expense, and discomfort for women 
undergoing treatment for Asherman syndrome.

15.4.10  Therapeutic Outcomes

Controlled trials of therapy for Asherman syndrome should 
have a no-treatment arm because the spontaneous pregnancy 
rate appears to be relatively high, as reported by Schenker 
and Margalioth who observed that of 292 women with 
untreated Asherman syndrome, 45.5% went on to conceive 
spontaneously [156]. (Table 15.1) If there are adequate areas 
of normal endometrium remaining that are accessible to 
implanting embryos, then the prognosis for conception 
should be proportional to the available normal endometrial 
surface area.

As it stands, few randomized treatment trials have 
been performed using proper classifications, standardized 
techniques, and similar populations. Therefore, counseling 
regarding prognosis for patients must be couched in gener-
alizations. Yu and colleagues have recently published a 

comprehensive review of Asherman syndrome that extends 
and updates the current understanding over 26 years since 
the review by Schenker and Margalioth [155]. This review 
includes a compilation of published outcome data with the 
use of hysteroscopic adhesiolysis, which was just becoming 
popular at the time the Schenker and Margolioth paper was 
published. Five studies of hysteroscopic resection of 
Asherman syndrome of all grades, including a total of 625 
patients reported on the outcome of menstrual cycle resump-
tion [188, 195, 209–212]. Normal menstrual patterns were 
achieved in 84.5% after hysteroscopic resection. Contrast 
this 84.5% to the near 100% resumption of normal menses 
from 10 studies (449 of 450 patients) using blind adhesiolysis 
and IUD placement postoperatively, as summarized by 
Schenker and Margalioth in 1982 [156].

Fourteen studies have reported reproductive outcomes 
following hysteroscopic adhesiolysis [188, 190, 193–195, 
209–217]. Seven of the studies listed the proportion of treated 
women achieving a subsequent pregnancy [188, 210–213, 
216, 217]. Overall, 468 of 632 conceived (74%). Nine stud-
ies reported spontaneous abortion rates, which totaled 84 of 
477 reported pregnancies (17.6%) [188, 193–195, 209, 210, 
214–216]. Another 13 studies, totaling 666 subjects who con-
ceived following hysteroscopic adhesiolysis, reported that an 
impressive 79.4% delivered live born children [188, 193–195, 
209–217]. However, of the four studies that listed premature 
deliveries, a worrisome 47% (17 of 31) delivered preterm 
[190, 193–195]. Abnormal placentation was reported in 23 
cases from seven different studies with a total of 374 concep-
tions for an average incidence of 6.2% [188, 190, 193, 195, 
210, 214, 215].

Table 15.1 Reproductive outcomes of published management techniques for asherman syndrome

No treatmenta Hysterotomyb

Primaryc IUD 
treatment D&C, IUD, estrogend Vaginal adhesiolysise

Hysteroscopic 
adhesiolysisf

Subjects Availableg N = 292 N = 34 N = 405 N = 75 N = 756 N = 814 
Conception %h 46% 52% 56% 80% 48% 74%
Term Deliveries % 30% 24% 60% 77% 54% 79%
SAB % 40% NR 27% 23% 25% 18%
Preterm % 23% NR 7% 8% 9% 47%
Placentation 

Abnormalities %
13% 3% 6% 1% 6% 6.2%

NR not reported
aSource: Schenker and Margolioth, 1982
bSources: Schenker and Margolioth, 1982; Reddy and Rock, 1997; and Protopapas et al., 1998.
cSource: Schenker and Margolioth, 1982. Placement of the IUD alone served as treatment of IUA without blunt or sharp adhesiolysis
dSource: Schenker and Margolioth, 1982. Adhesiolysis technique proposed by Schenker and Margolioth. Only cases of intrauterine adhesiolysis 
are reported here
eSource: Schenker and Margolioth, 1982. Data from studies reporting blind vaginal lysis of adhesions while removing data from Sugimoto et al. 
where hysteroscopic adhesiolysis was done
fSource: Yu et al., 2008. Reproductive outcomes abstracted from subsets of patients treated by hysteroscopic lysis of adhesions from 14 studies
gProportions of pregnancy outcomes may not sum to 100% because not all outcomes were reported for all subjects
hConception % refers to the % of patients who conceived
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Bear in mind that among the fourteen studies, the diagnosis 
of infertility was not necessarily confined to isolated Asherman 
syndrome. In two of the studies, IVF was used for all patients. 
Therefore, the overall live birth rate cannot be attributed to 
the hysteroscopic adhesiolysis alone. Moreover, the studies 
represent a mixture of various techniques, disease severity, 
and study populations reported over a 25-year time span. 
Patients who desire to conceive in the face of Asherman 
syndrome should be informed of the imprecise nature of the 
reported outcome information and that serious risks of 
prematurity and placentation abnormalities must be carefully 
considered before hysteroscopic adhesiolysis is undertaken.

Table 15.1 displays data abstracted from the 1982 Schenker 
and Margolioth review that only includes non hysteroscopic 
intrauterine adhesiolysis techniques and compares their repro-
ductive outcomes with hysteroscopic adhesiolysis from among 
the 14 studies reviewed by Yu et al. Caution must be used in 
interpreting these data due to the different populations studied, 
differing fertility problems and treatments, variable follow-up 
durations, and the few data available for some of the repro-
ductive outcomes, notably preterm deliveries. However, both 
hysteroscopic and non hysteroscopic studies shared the 
same variety of adjunctive treatment methods, mostly com-
posed of postoperative estrogen and Foley balloon catheter 
use. Overall, the hysteroscopic techniques appear to have an 
advantage over blind intrauterine adhesiolysis regarding 
conception and live birth rates. Complication rates were 
similar between the two techniques with the striking excep-
tion of a 47% preterm delivery rate when the hysteroscopic 
approach was used. However, this high preterm rate came 
from only four studies of hysteroscopic adhesiolysis, involv-
ing only 17 patients with preterm deliveries, out of which ten 
patients were contributed by a single study. Interestingly, the 
combined reproductive outcomes of the 14 hysteroscopic 
adhesiolysis studies closely mirrored the outcomes of a 
subset of the women undergoing vaginal adhesioysis. These 
were the 75 women with IUA treated using the Schenker and 
Margolioth protocol that included D&C, IUD, and estrogen.

15.4.11  Prevention of Intrauterine Adhesions

Because effective treatment of IUA remains only modest and 
obstetrical risk remains serious and frequent in the face of 
IUA, the obvious best management of IUA is to prevent their 
formation. Most cases of Asherman syndrome occur due to 
traumatic intervention during the postpartum period. This, 
therefore, is the logical place to focus on preventative 
measures. Perhaps one of the biggest technological advances 
toward reducing (but not eliminating) IUA has been the 
widespread use of suction curettage apparatuses for both 
spontaneous and elective abortions.

Because the riskiest postpartum interval for the traumatic 
induction of IUA is the second through fourth weeks, and for 
missed abortions at any time, maximal attempts to avoid the 
need for curettage should be made, especially during these 
high-risk situations. Prevention of IUA begins with sound 
obstetrical care in the immediate postpartum period by ensur-
ing complete evacuation of products of conception from the 
uterus. This obstetrical task has been made easier with 
the availability of ultrasound to identify retained products 
and the judicious use of culture and antibiotics to minimize 
uterine infections after deliveries at high risk for postpartum 
infection. Careful labor management and the use of uterotonics 
when needed also stand to diminish postpartum hemorrhage, 
and therefore, the need for curettage. The increased use of 
mifepristone with prostaglandins as medical therapy for 
miscarriage can further reduce the risk of requiring curet-
tage. But when curettage becomes necessary, hysteroscopy 
using a resectoscopic loop as a blunt curette can be directed 
specifically to loosely attached products of conception, and 
therefore in theory, stands to reduce the risk of subsequent 
IUA [218].

Although awaiting a cost-effectiveness analysis, there 
is some evidence to recommend the prophylactic use of 
mechanical uterine wall separation devices (stents, Foley 
balloons) following curettage for miscarriage [219]. 
Similarly, the use of these devices makes sense for scenarios 
presenting an elevated risk for developing IUA, such as 
hysteroscopic submucosal myomectomy, entrance into the 
uterine cavity during abdominal myomectomy, uterine 
perforation, and septum resections. The concomitant use of 
supplemental estrogen to facilitate endometrial growth, 
although lacking strong experimental validation, should also 
be considered in these situations.

15.5  Conclusions

Uterine factor infertility comprises only a small proportion of 
couples undergoing IVF [1]. Yet, it is a serious diagnosis 
because when it is recorded as the sole indication for IVF, it is 
accompanied by lower-than-average live birth rates [211]. Few 
randomized trials of infertility therapies have been done for 
uterine factors. Properly designed trials for treatment of 
acquired uterine lesions are hampered by differing study popu-
lations, detection methods, and presentations. The tendency 
for endometrial polyps, leiomyomata, and adenomyosis to 
coexist, further confounds the ability to isolate the individual 
effects of the lesions on fecundity, and of the effects of treat-
ment on reproductive outcome. Nonetheless, when other infer-
tility factors have been excluded, the balance of the evidence 
favors surgical removal of endometrial polyps as well as sub-
mucosal leiomyomata for infertile women. While isolated 
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adenomyosis has been suspected of contributing to reduced 
fertility, there is currently no conclusive evidence to support 
this contention. Therefore, when all other detectable infertility 
factors have been excluded, surgical and medical therapies for 
adenomyosis remain empiric. Prevention remains the best 
strategy for Asherman syndrome. However, when the Asherman 
syndrome occurs, the optimal current surgical approach 
appears to be resection under hysteroscopic guidance, with the 
adjunctive use of estrogen and postoperative mechanical sepa-
ration of the endometrial surfaces. When Asherman syndrome 
is severe, reproductive outcomes despite optimal treatment are 
guarded. Considerable risks of infertility, miscarriage, preterm 
delivery, and placentation abnormalities remain following the 
treatment of Asherman syndrome. When Asherman syndrome 
is less severe and the uterine cavity is not completely occluded 
by adhesions, hysteroscopic resection is associated with a more 
favorable outcome. Approximately three out of four women 
will conceive in these circumstances, and approximately 79% 
of those who conceive will deliver at term.

References

 1. Wright VC, Chang J, Jeng G, Macaluso M (2008) Assisted repro-
ductive technology surveillance – United States, 2005. MMWR 
Surveill Summ 57(5):1–23

 2. Perez-Medina T, Bajo-Arenas J, Salazar F et al (2005) Endometrial 
polyps and their implication in the pregnancy rates of patients 
undergoing intrauterine insemination: a prospective, randomized 
study. Hum Reprod 20(6):1632–1635

 3. Preutthipan S, Herabutya Y (2005) Hysteroscopic polypectomy 
in 240 premenopausal and postmenopausal women. Fertil Steril 
83(3):705–709

 4. Shokeir TA, Shalan HM, El-Shafei MM (2004) Significance of 
endometrial polyps detected hysteroscopically in eumenorrheic 
infertile women. J Obstet Gynaecol Res 30(2):84–89

 5. Mittal K, Schwartz L, Goswami S, Demopoulos R (1996) Estrogen 
and progesterone receptor expression in endometrial polyps. Int J 
Gynecol Pathol 15(4):345–348

 6. Lopes RG, Baracat EC, de Albuquerque Neto LC et al (2007) 
Analysis of estrogen- and progesterone-receptor expression in 
endometrial polyps. J Minim Invasive Gynecol 14(3):300–303

 7. Soares SR, Barbosa dos Reis MM, Camargos AF (2000) Diagnostic 
accuracy of sonohysterography, transvaginal sonography, and 
hysterosalpingography in patients with uterine cavity diseases. 
Fertil Steril 73(2):406–411

 8. Taylor E, Gomel V (2008) The uterus and fertility. Fertil Steril 
89(1):1–16

 9. Lasmar RB, Dias R, Barrozo PR, Oliveira MA, Coutinho Eda S, da 
Rosa DB (2008) Prevalence of hysteroscopic findings and histo-
logic diagnoses in patients with abnormal uterine bleeding. Fertil 
Steril 89(6):1803–1807

 10. Cicinelli E, Resta L, Nicoletti R et al (2005) Detection of chronic 
endometritis at fluid hysteroscopy. J Minim Invasive Gynecol 
12(6):514–518

 11. Richlin S, Ramachandran S, Shanthi A, Murphy AA, Parthasarathy 
S (2002) Glycodelin levels in uterine flushings and in plasma of 
patients with leiomyomas and polyps: implications and implanta-
tion. Hum Reprod 17(10):2742–2747

 12. Golan A, Halperin R, Herman A et al (1994) Human decidua-
associated protein 200 levels in uterine fluid at hysteroscopy. 
Gynecol Obstet Invest 38(4):217–219

 13. Clevenger-Hoeft M, Syrop CH, Stovall DW, Van Voorhis BJ (1999) 
Sonohysterography in premenopausal women with and without 
abnormal bleeding. Obstet Gynecol 94(4):516–520

 14. Koshiyama M, Okamoto T, Ueta M (2004) The relationship between 
endometrial carcinoma and coexistent adenomyosis uteri, endometri-
osis externa and myoma uteri. Cancer Detect Prev 28(2):94–98

 15. Kim MR, Kim YA, Jo MY, Hwang KJ, Ryu HS (2003) High fre-
quency of endometrial polyps in endometriosis. J Am Assoc 
Gynecol Laparosc 10(1):46–48

 16. Hinckley MD, Milki AA (2004) 1000 office-based hysteroscopies 
prior to in vitro fertilization: feasibility and findings. JSLS 
8(2):103–107

 17. de Sa Rosa e de Silva AC, Rosa e Silva JC, Candido dos Reis FJ, 
Nogueira AA, Ferriani RA (2005) Routine office hysteroscopy in 
the investigation of infertile couples before assisted reproduction. 
J Reprod Med 50(7):501–506

 18. Onalan R, Onalan G, Tonguc E, Ozdener T, Dogan M, 
Mollamahmutoglu L (2008) Body mass index is an independent 
risk factor for the development of endometrial polyps in patients 
undergoing in vitro fertilization. Fertil Steril 91:1056–1060

 19. DeWaay DJ, Syrop CH, Nygaard IE, Davis WA, Van Voorhis BJ 
(2002) Natural history of uterine polyps and leiomyomata. Obstet 
Gynecol 100(1):3–7

 20. Goerzen JL, Leader A, Taylor PJ (1983) Hysteroscopic findings in 
100 women requesting reversal of a previously performed volun-
tary tubal sterilization. Fertil Steril 39(1):103–104

 21. Spiewankiewicz B, Stelmachow J, Sawicki W, Cendrowski K, 
Wypych P, Swiderska K (2003) The effectiveness of hysteroscopic 
polypectomy in cases of female infertility. Clin Exp Obstet Gynecol 
30(1):23–25

 22. Stamatellos I, Apostolides A, Stamatopoulos P, Bontis J (2008) 
Pregnancy rates after hysteroscopic polypectomy depending on the 
size or number of the polyps. Arch Gynecol Obstet 277(5):395–399

 23. Varasteh NN, Neuwirth RS, Levin B, Keltz MD (1999) Pregnancy 
rates after hysteroscopic polypectomy and myomectomy in infer-
tile women. Obstet Gynecol 94(2):168–171

 24. Mastrominas M, Pistofidis GA, Dimitropoulos K (1996) Fertility out-
come after outpatient hysteroscopic removal of endometrial polyps 
and submucous fibroids. J Am Assoc Gynecol Laparoscs 3:S29

 25. Lass A, Williams G, Abusheikha N, Brinsden P (1999) The effect 
of endometrial polyps on outcomes of in vitro fertilization (IVF) 
cycles. J Assist Reprod Genet 16(8):410–415

 26. Hereter L, Carreras O, Pascual M (1998) Repercusion de la presen-
cia de polipos endometriales en un ciclo de FIV. Prog Obstet Ginecol 
41:5–7

 27. Isikoglu M, Berkkanoglu M, Senturk Z, Coetzee K, Ozgur K (2006) 
Endometrial polyps smaller than 1.5 cm do not affect ICSI out-
come. Reprod Biomed Online 12(2):199–204

 28. Batioglu S, Kaymak O (2005) Does hysteroscopic polypectomy 
without cycle cancellation affect IVF? Reprod Biomed Online 
10(6):767–769

29. DeWaay DJ, Syrop CH, Nygaard IE, Davis WA, Van Voorhis BJ 
(2002) Natural history of uterine polyps and leiomyomata. Obstet 
Gynecol 100(1):3–7

30. Lieng M, Qvigstad E, Sandvik L, Jorgensen H, Langebrekke A, Istre 
O (2007) Hysteroscopic resection of symptomatic and asymptomatic 
endometrial polyps. J Minim Invasive gynecol 14(2):189–194

 31. Silberstein T, Saphier O, van Voorhis BJ, Plosker SM (2006) 
Endometrial polyps in reproductive-age fertile and infertile women. 
Isr Med Assoc J 8(3):192–195

 32. Ryan GL, Syrop CH, Van Voorhis BJ (2005) Role, epidemiology, 
and natural history of benign uterine mass lesions. Clin Obstet 
Gynecol 48(2):312–324



260 H.H. Hatasaka

 33. Valli E, Zupi E, Marconi D et al (2001) Hysteroscopic findings in 
344 women with recurrent spontaneous abortion. J Am Assoc 
Gynecol Laparosc 8(3):398–401

 34. Guimaraes Filho HA, Mattar R, Pires CR, Araujo Junior E, Moron 
AF, Nardozza LM (2006) Comparison of hysterosalpingography, 
hysterosonography and hysteroscopy in evaluation of the uterine 
cavity in patients with recurrent pregnancy losses. Arch Gynecol 
Obstet 274(5):284–288

 35. Devi Wold AS, Pham N, Arici A (2006) Anatomic factors in recur-
rent pregnancy loss. Semin Reprod Med 24(1):25–32

 36. Buttram VC Jr, Reiter RC (1981) Uterine leiomyomata: etiology, 
symptomatology, and management. Fertil Steril 36(4):433–445

 37. Stewart EA (2001) Uterine fibroids. Lancet 357(9252):293–298
 38. Wallach EE, Vlahos NF (2004) Uterine myomas: an overview of 

development, clinical features, and management. Obstet Gynecol 
104(2):393–406

 39. Viswanathan M, Hartmann K, McKoy N et al (2007) Management 
of uterine fibroids: an update of the evidence. Evidence Report/
Technology Assessment 154:1–122

 40. Day Baird D, Dunson DB, Hill MC, Cousins D, Schectman JM 
(2003) High cumulative incidence of uterine leiomyoma in black 
and white women: ultrasound evidence. Am J Obstet Gynecol 
188(1):100–107

 41. Klatsky PC, Tran ND, Caughey AB, Fujimoto VY (2008) Fibroids 
and reproductive outcomes: a systematic literature review from 
conception to delivery. Am J Obstet Gynecol 198(4):357–366

 42. Marino JL, Eskenazi B, Warner M et al (2004) Uterine leiomyoma 
and menstrual cycle characteristics in a population-based cohort 
study. Hum Reprod 19(10):2350–2355

 43. Hart R (2003) Unexplained infertility, endometriosis, and fibroids. 
BMJ 327(7417):721–724

 44. Fayez JA, Mutie G, Schneider PJ (1987) The diagnostic value of 
hysterosalpingography and hysteroscopy in infertility investigation. 
Am J Obstet Gynecol 156(3):558–560

 45. Cicinelli E, Romano F, Anastasio PS, Blasi N, Parisi C, Galantino 
P (1995) Transabdominal sonohysterography, transvaginal sonog-
raphy, and hysteroscopy in the evaluation of submucous myomas. 
Obstet Gynecol 85(1):42–47

 46. Somigliana E, Vercellini P, Daguati R, Pasin R, De Giorgi O, 
Crosignani PG (2007) Fibroids and female reproduction: a critical 
analysis of the evidence. Hum Reprod Update 13(5):465–476

 47. Lumbiganon P, Rugpao S, Phandhu-fung S, Laopaiboon M, 
Vudhikamraksa N, Werawatakul Y (1996) Protective effect of 
depot-medroxyprogesterone acetate on surgically treated uterine 
leiomyomas: a multicentre case–control study. Br J Obstet Gynaecol 
103(9):909–914

 48. Parazzini F, Chiaffarino F, Polverino G, Chiantera V, Surace M, La 
Vecchia C (2004) Uterine fibroids risk and history of selected 
medical conditions linked with female hormones. Eur J Epidemiol 
19(3):249–253

 49. Wise LA, Palmer JR, Harlow BL et al (2004) Risk of uterine leio-
myomata in relation to tobacco, alcohol and caffeine consumption in 
the Black Women's Health Study. Hum Reprod 19(8):1746–1754

 50. Marshall LM, Spiegelman D, Goldman MB et al (1998) A prospec-
tive study of reproductive factors and oral contraceptive use in rela-
tion to the risk of uterine leiomyomata. Fertil Steril 70(3):432–439

 51. Parazzini F, Vercellini P, Panazza S, Chatenoud L, Oldani S, 
Crosignani PG (1997) Risk factors for adenomyosis. Hum Reprod 
12(6):1275–1279

 52. Parazzini F, Negri E, La Vecchia C, Chatenoud L, Ricci E, Guarnerio 
P (1996) Reproductive factors and risk of uterine fibroids. Epidemiology 
7(4):440–442

 53. Faerstein E, Szklo M, Rosenshein NB (2001) Risk factors for uter-
ine leiomyoma: a practice-based case-control study. II. Atherogenic 
risk factors and potential sources of uterine irritation. Am J 
Epidemiol 153(1):11–19

 54. Griffiths A, D’ Angelo A, Amso N (2006) Surgical treatment of 
fibroids for subfertility. Cochrane database of systematic reviews 
(Online) 2006(19):3

 55. Pritts EA, Parker WH, Olive DL (2009) Fibroids and infertility: 
an updated systematic review of the evidence. Fertil Steril 91: 
1215–1223

 56. Hart R, Khalaf Y, Yeong CT, Seed P, Taylor A, Braude P (2001) A 
prospective controlled study of the effect of intramural uterine 
fibroids on the outcome of assisted conception. Hum Reprod 
16(11):2411–2417

 57. Eldar-Geva T, Meagher S, Healy DL, MacLachlan V, Breheny S, 
Wood C (1998) Effect of intramural, subserosal, and submucosal 
uterine fibroids on the outcome of assisted reproductive technology 
treatment. Fertil Steril 70(4):687–691

 58. Farhi J, Ashkenazi J, Feldberg D, Dicker D, Orvieto R, Ben Rafael 
Z (1995) Effect of uterine leiomyomata on the results of in-vitro 
fertilization treatment. Hum Reprod 10(10):2576–2578

 59. Surrey ES, Minjarez DA, Stevens JM, Schoolcraft WB (2005) 
Effect of myomectomy on the outcome of assisted reproductive 
technologies. Fertil Steril 83(5):1473–1479

 60. Narayan R, Rajat GK (1994) Treatment of submucous fibroids, and 
outcome of assisted conception. J Am Assoc Gynecol Laparosc 
1(4 Pt 1):307–311

 61. Seoud MA, Patterson R, Muasher SJ, Coddington CC 3rd (1992) 
Effects of myomas or prior myomectomy on in vitro fertilization 
(IVF) performance. J Assist Reprod Genet 9(3):217–221

 62. Bulletti C, DEZ D, Levi Setti P, Cicinelli E, Polli V, Stefanetti M 
(2004) Myomas, pregnancy outcome, and in vitro fertilization. Ann 
N Y Acad Sci 1034:84–92

 63. Walker WJ, McDowell SJ (2006) Pregnancy after uterine artery 
embolization for leiomyomata: a series of 56 completed pregnancies. 
Am J Obstet Gynecol 195(5):1266–1271

 64. Hammoud AO, Asaad R, Berman J, Treadwell MC, Blackwell S, 
Diamond MP (2006) Volume change of uterine myomas during 
pregnancy: do myomas really grow? J Minim Invasive Gynecol 
13(5):386–390

 65. Parker WH (2007) Uterine myomas: management. Fertil Steril 
88(2):255–271

 66. Sankaran S, Manyonda IT (2008) Medical management of fibroids. 
Best Pract Res 22(4):655–676

 67. Donnez J, Squifflet J, Polet R, Nisolle M (2000) Laparoscopic 
myolysis. Hum Reprod Update 6(6):609–613

 68. Pron G, Mocarski E, Bennett J, Vilos G, Common A, Vanderburgh 
L (2005) Pregnancy after uterine artery embolization for leiomyomata: 
the Ontario multicenter trial. Obstet Gynecol 105(1):67–76

 69. Stewart EA, Rabinovici J, Tempany CM et al (2006) Clinical out-
comes of focused ultrasound surgery for the treatment of uterine 
fibroids. Fertil Steril 85(1):22–29

 70. Tropeano G, Amoroso S, Scambia G (2008) Non-surgical manage-
ment of uterine fibroids. Hum Reprod Update 14(3):259–274

 71. Gupta JK, Sinha AS, Lumsden MA, Hickey M (2006) Uterine 
artery embolization for symptomatic uterine fibroids. Cochrane 
database of systematic reviews (Online) (1):CD005073.

 72. Olive DL, Lindheim SR, Pritts EA (2004) Non-surgical manage-
ment of leiomyoma: impact on fertility. Curr Opin Obstet Gynecol 
16(3):239–243

 73. Goodwin SC, Spies JB, Worthington-Kirsch R et al (2008) Uterine 
artery embolization for treatment of leiomyomata: long-term out-
comes from the FIBROID Registry. Obstet Gynecol 111(1):22–33

 74. Pabon IP, Magret JP, Unzurrunzaga EA, Garcia IM, Catalan IB, 
Cano Vieco ML (2008) Pregnancy after uterine fibroid emboliza-
tion: follow-up of 100 patients embolized using tris-acryl gelatin 
microspheres. Fertil Steril 90:2356–2360

 75. Mara M, Fucikova Z, Kuzel D, Maskova J, Dundr P, Zizka Z (2007) 
Hysteroscopy after uterine fibroid embolization in women of fertile 
age. J Obstet Gynaecol Res 33(3):316–324



26115 Acquired Uterine Factors and Infertility

 76. Holub Z, Mara M, Kuzel D, Jabor A, Maskova J, Eim J (2008) 
Pregnancy outcomes after uterine artery occlusion: prospective 
multicentric study. Fertil Steril 90:1886–1891

 77. Mara M, Maskova J, Fucikova Z, Kuzel D, Belsan T, Sosna O (2008) 
Midterm clinical and first reproductive results of a randomized 
controlled trial comparing uterine fibroid embolization and 
myomectomy. Cardiovasc Intervent Radiol 31(1):73–85

 78. Tropeano G, Litwicka K, Di Stasi C, Romano D, Mancuso S (2003) 
Permanent amenorrhea associated with endometrial atrophy after 
uterine artery embolization for symptomatic uterine fibroids. Fertil 
Steril 79(1):132–135

 79. Walker WJ, Pelage JP (2002) Uterine artery embolisation for 
symptomatic fibroids: clinical results in 400 women with imaging 
follow up. BJOG 109(11):1262–1272

 80. ACOG practice bulletin (2008) Alternatives to hysterectomy in the 
management of leiomyomas. Obstet Gynecol 112(2 Pt 1):387–400

 81. Hehenkamp WJ, Volkers NA, Broekmans FJ et al (2007) Loss of 
ovarian reserve after uterine artery embolization: a randomized 
comparison with hysterectomy. Hum Reprod 22(7):1996–2005

 82. ACOG Committee Opinion (2004) Uterine artery embolization. 
Obstet Gynecol 103(2):403–404

 83. Sawin SW, Pilevsky ND, Berlin JA, Barnhart KT (2000) 
Comparability of perioperative morbidity between abdominal myo-
mectomy and hysterectomy for women with uterine leiomyomas. 
Am J Obstet Gynecol 183(6):1448–1455

 84. Iverson RE Jr, Chelmow D, Strohbehn K, Waldman L, Evantash 
EG (1996) Relative morbidity of abdominal hysterectomy and 
myomectomy for management of uterine leiomyomas. Obstet 
Gynecol 88(3):415–419

 85. Goto A, Takeuchi S, Sugimura K, Maruo T (2002) Usefulness of 
Gd-DTPA contrast-enhanced dynamic MRI and serum determination 
of LDH and its isozymes in the differential diagnosis of leiomyosar-
coma from degenerated leiomyoma of the uterus. Int J Gynecol 
Cancer 12(4):354–361

 86. Benson CB, Chow JS, Chang-Lee W, Hill JA 3rd, Doubilet PM 
(2001) Outcome of pregnancies in women with uterine leiomyo-
mas identified by sonography in the first trimester. J Clin Ultrasound 
29(5):261–264

 87. Vercellini P, Oldani S, Yaylayan L, Zaina B, De Giorgi O, Crosignani 
PG (1999) Randomized comparison of vaporizing electrode and 
cutting loop for endometrial ablation. Obstet Gynecol 94(4):521–527

 88. Rice JP, Kay HH, Mahony BS (1989) The clinical significance of 
uterine leiomyomas in pregnancy. Am J Obstet Gynecol 160(5 Pt 
1):1212–1216

 89. Coronado GD, Marshall LM, Schwartz SM (2000) Complications 
in pregnancy, labor, and delivery with uterine leiomyomas: a 
population-based study. Obstet Gynecol 95(5):764–769

 90. Winer-Muram HT, Muram D, Gillieson MS (1984) Uterine myomas 
in pregnancy. J Can Assoc Radiol 35(2):168–170

 91. West S, Ruiz R, Parker WH (2006) Abdominal myomectomy in 
women with very large uterine size. Fertil Steril 85(1):36–39

 92. Fedele L, Parazzini F, Luchini L, Mezzopane R, Tozzi L, Villa L 
(1995) Recurrence of fibroids after myomectomy: a transvaginal 
ultrasonographic study. Hum Reprod 10(7):1795–1796

 93. Malone LJ (1969) Myomectomy: recurrence after removal of 
solitary and multiple myomas. Obstet Gynecol 34(2):200–203

 94. Fauconnier A, Chapron C, Babaki-Fard K, Dubuisson JB (2000) 
Recurrence of leiomyomata after myomectomy. Hum Reprod 
Update 6(6):595–602

 95. Yoo EH, Lee PI, Huh CY et al (2007) Predictors of leiomyoma 
recurrence after laparoscopic myomectomy. J Minim Invasive 
Gynecol 14(6):690–697

 96. Lethaby A, Vollenhoven B, Sowter M (2002) Efficacy of pre-
operative gonadotrophin hormone releasing analogues for women 
with uterine fibroids undergoing hysterectomy or myomectomy: a 
systematic review. BJOG 109(10):1097–1108

 97. Schlaff WD, Zerhouni EA, Huth JA, Chen J, Damewood MD, 
Rock JA (1989) A placebo-controlled trial of a depot gonadotro-
pin-releasing hormone analogue (leuprolide) in the treatment of 
uterine leiomyomata. Obstet Gynecol 74(6):856–862

 98. Friedman AJ, Hoffman DI, Comite F, Browneller RW, Miller JD 
(1991) Treatment of leiomyomata uteri with leuprolide acetate 
depot: a double-blind, placebo-controlled, multicenter study. The 
Leuprolide Study Group. Obstet Gynecol 77(5):720–725

 99. Wurnig C, Schatz K, Noske H et al (2001) Subcutaneous low-dose 
epoetin beta for the avoidance of transfusion in patients scheduled 
for elective surgery not eligible for autologous blood donation. Eur 
Surg Res 33(5–6):303–310

 100. Walocha JA, Litwin JA, Miodonski AJ (2003) Vascular system 
of intramural leiomyomata revealed by corrosion casting and 
scanning electron microscopy. Hum Reprod 18(5):1088–1093

 101. Hurst BS, Matthews ML, Marshburn PB (2005) Laparoscopic 
myomectomy for symptomatic uterine myomas. Fertil Steril 
83(1):1–23

 102. Saeki M, Kotaki S (1974) Vasculature of uterine myoma for 
myomectomy. Acta Obstet Gynecol Jpn 26:335–342

 103. Ginsburg ES, Benson CB, Garfield JM, Gleason RE, Friedman AJ 
(1993) The effect of operative technique and uterine size on blood 
loss during myomectomy: a prospective randomized study. Fertil 
Steril 60(6):956–962

 104. Beyth Y, Pinkert M (2005) Local control of blood loss. Fertil Steril 
84(2):548–549 author reply 9–50

 105. Phillips DR, Nathanson H, Milim SJ, Haselkorn JS (1996) The effect 
of dilute vasopressin solution on blood loss during operative hyst-
eroscopy. J Am Assoc Gynecol Laparosc 3(4, Supplement):S38

 106. B-Lynch C, Coker A, Lawal AH, Abu J, Cowen MJ (1997) The 
B-Lynch surgical technique for the control of massive postpartum 
haemorrhage: an alternative to hysterectomy? Five cases reported. 
Br J Obstet Gynaecol 104(3):372–375

 107. Ahmad G, Duffy JM, Farquhar C, et al. Barrier agents for adhesion 
prevention after gynaecological surgery. Cochrane database of 
systematic reviews (Online) 2008(2):CD000475.

 108. Takeuchi H, Kitade M, Kikuchi I, Shimanuki H, Kumakiri J, 
Takeda S (2008) Influencing factors of adhesion development and 
the efficacy of adhesion-preventing agents in patients undergoing 
laparoscopic myomectomy as evaluated by a second-look laparoscopy. 
Fertil Steril 89(5):1247–1253

 109. Uduwela AS, Perera MA, Aiqing L, Fraser IS (2000) Endometrial-
myometrial interface: relationship to adenomyosis and changes in 
pregnancy. Obstet Gynecol Surv 55(6):390–400

 110. Ferenczy A (1998) Pathophysiology of adenomyosis. Hum Reprod 
Update 4(4):312–322

 111. Parrott E, Butterworth M, Green A, White IN, Greaves P (2001) 
Adenomyosis–a result of disordered stromal differentiation. Am J 
Pathol 159(2):623–630

 112. Ota H, Igarashi S, Hatazawa J, Tanaka T (1998) Is adenomyosis an 
immune disease? Hum Reprod Update 4(4):360–367

 113. Mai KT, Yazdi HM, Perkins DG, Parks W (1997) Pathogenetic 
role of the stromal cells in endometriosis and adenomyosis. 
Histopathology 30(5):430–442

 114. Kunz G, Beil D, Huppert P, Leyendecker G (2000) Structural 
abnormalities of the uterine wall in women with endometriosis 
and infertility visualized by vaginal sonography and magnetic 
resonance imaging. Hum Reprod 15(1):76–82

 115. Brosens JJ, Barker FG, de Souza NM (1998) Myometrial zonal 
differentiation and uterine junctional zone hyperplasia in the non-
pregnant uterus. Hum Reprod update 4(5):496–502

 116. Brosens JJ, de Souza NM, Barker FG (1995) Uterine junctional 
zone: function and disease. Lancet 346(8974):558–560

 117. Noe M, Kunz G. Herbertz M, Mall G, Leyendecker G (1999) 
The cyclic pattern of the immunocytochemical expression of 
Oestrogen and Progesterone receptors in human myometerial 



262 H.H. Hatasaka

and endometerial layers: characterization of the endometerial-
subendometrial unit. Hum Reprod 14(1):190–197

 118. Azziz R (1989) Adenomyosis: current perspectives. Obstet 
Gynecol Clin North Am 16(1):221–235

 119. Leyendecker G, Herbertz M, Kunz G, Mall G (2002) Endometriosis 
results from the dislocation of basal endometrium. Hum Reprod 
17(10):2725–2736

 120. Templeman C, Marshall SF, Ursin G et al (2008) Adenomyosis 
and endometriosis in the California teachers study. Fertil Steril 
90(2):415–424

 121. Dogan E, Gode F, Saatli B, Secil M (2008) Juvenile cystic 
adenomyosis mimicking uterine malformation: a case report. Arch 
Gynecol Obstet 278:593–595

 122. Kunz G, Beil D, Huppert P, Noe M, Kissler S, Leyendecker G 
(2005) Adenomyosis in endometriosis–prevalence and impact on 
fertility. Evidence from magnetic resonance imaging. Hum Reprod 
20(8):2309–2316

 123. Kunz G, Herbertz M, Beil D, Huppert P, Leyendecker G (2007) 
Adenomyosis as a disorder of the early and late human reproduc-
tive period. Reprod Biomed Online 15(6):681–685

 124. Curtis KM, Hillis SD, Marchbanks PA, Peterson HB (2002) Disruption 
of the endometrial-myometrial border during pregnancy as a risk 
factor for adenomyosis. Am J Obstet Gynecol 187(3):543–544

 125. Domez J, Nirolle M, Casanas-Roux F, Barsil S, Anaf V (1995) 
Rectovaginal septum, endometriosis or adenomyosis: laparoscopic 
management in a series of 231 patients. Hum Reprod 10(3): 
630–635

 126. Weiss G, Maseelall P, Schott LL, Brockwell SE, Schocken M, 
Johnston JM (2009) Adenomyosis a variant, not a disease? 
Evidence from hysterectomized menopausal women in the study 
of Women's Health Across the Nation (SWAN). Fertil Steril Jan, 
91(1):201–206. Epub 2008 Feb 20

 127. Yeniel O, Cirpan T, Ulukus M et al (2007) Adenomyosis: preva-
lence, risk factors, symptoms and clinical findings. Clin Experiment 
Obstet Gynecol 34(3):163–167

 128. Cirpan T, Yeniel O, Ulukus M et al (2008) Clinical symptoms and 
histopathological findings in subjects with adenomyosis uteri. Clin 
Experiment Obstet Gynecol 35(1):48–53

 129. Levgur M (2007) Diagnosis of adenomyosis: a review. J Reprod 
Med 52(3):177–193

 130. Reinhold C, Tafazoli F, Mehio A et al (1999) Uterine adenomyosis: 
endovaginal US and MR imaging features with histopathologic 
correlation. Radiographics 19:S147–S160

 131. Reinhold C, Tafozoli F, Wang L (1998) Imaging features of adeno-
myosis. Hum Reprod Update 4(4):337–349

 132. Atri M, Reinhold C, Mehio AR, Chapman WB, Bret PM (2000) 
Adenomyosis: US features with histologic correlation in an in-vitro 
study. Radiology 215(3):783–790

 133. Devlieger R, D'Hooghe T, Timmerman D (2003) Uterine adeno-
myosis in the infertility clinic. Hum Reprod update 9(2):139–147

 134. Dueholm M, Lundorf E (2007) Transvaginal ultrasound or MRI 
for diagnosis of adenomyosis. Curr Opin Obstet Gynecol 19(6): 
505–512

 135. Leyendecker G, Kunz G, Wildt L, Beil D, Deininger H (1996) 
Uterine hyperperistalsis and dysperistalsis as dysfunctions of the 
mechanism of rapid sperm transport in patients with endometriosis 
and infertility. Hum Reprod 11(7):1542–1551

 136. Kissler S, Hamscho N, Zangos S et al (2006) Uterotubal transport 
disorder in adenomyosis and endometriosis–a cause for infertility. 
BJOG 113(8):902–908

 137. Wang F, Li H, Yang Z, Du X, Cui M, Wen Z (2008) Expression 
of interleukin-10 in patients with adenomyosis. Fertil Steril 91: 
1681–1685

 138. Liu X, Huang H, Huang R, Lian L, Lang J (1998) Clinical observation 
of conservative surgery for adenomyosis. Zhongguo yi xue ke xue 
yuan xue bao 20(6):440–444

 139. Levgur M (2007) Therapeutic options for adenomyosis: a review. 
Arch Gynecol Obstet 276(1):1–15

 140. Lohle PN, De Vries J, Klazen CA et al (2007) Uterine artery 
embolization for symptomatic adenomyosis with or without 
uterine leiomyomas with the use of calibrated tris-acryl gelatin 
microspheres: midterm clinical and MR imaging follow-up. J Vasc 
Interv Radiol 18(7):835–841

 141. Kim MD, Kim S, Kim NK et al (2007) Long-term results of 
uterine artery embolization for symptomatic adenomyosis. AJR 
Am J Roentgenol 188(1):176–181

 142. Siskin GP, Tublin ME, Stainken BF, Dowling K, Dolen EG (2001) 
Uterine artery embolization for the treatment of adenomyosis: 
clinical response and evaluation with MR imaging. AJR Am J 
Roentgenol 177(2):297–302

 143. Kim MD, Kim NK, Kim HJ, Lee MH (2005) Pregnancy following 
uterine artery embolization with polyvinyl alcohol particles for 
patients with uterine fibroid or adenomyosis. Cardiovasc Intervent 
Radiol 28(5):611–615

 144. Kitamura Y, Allison SJ, Jha RC, Spies JB, Flick PA, Ascher SM 
(2006) MRI of adenomyosis: changes with uterine artery embo-
lization. AJR Am J Roentgenol 186(3):855–864

 145. Dundr P, Mara M, Maskova J, Fucikova Z, Povysil C, Tvrdik D 
(2006) Pathological findings of uterine leiomyomas and adenomy-
osis following uterine artery embolization. Pathol Res Pract 
202(10):721–729

 146. Lin J, Sun C, Zheng H (2000) Gonadotropin-releasing hormone 
agonists and laparoscopy in the treatment of adenomyosis with 
infertility. Chin Med J 113(5):442–445

 147. Huang FJ, Kung FT, Chang SY, Hsu TY (1999) Effects of short-
course buserelin therapy on adenomyosis. A report of two cases. 
J Reprod Med 44(8):741–744

 148. Ozaki T, Takahashi K, Okada M, Kurioka H, Miyazaki K (1999) 
Live birth after conservative surgery for severe adenomyosis fol-
lowing magnetic resonance imaging and gonadotropin-releasing 
hormone agonist therapy. Int J Fertil Women's Med 44(5): 
260–264

 149. Silva PD, Perkins HE, Schauberger CW (1994) Live birth after 
treatment of severe adenomyosis with a gonadotropin-releasing 
hormone agonist. Fertil Steril 61(1):171–172

 150. Hirata JD, Moghissi KS, Ginsburg KA (1993) Pregnancy after 
medical therapy of adenomyosis with a gonadotropin-releasing 
hormone agonist. Fertil Steril 59(2):444–445

 151. Juang CM, Chou P, Yen MS, Twu NF, Horng HC, Hsu WL (2007) 
Adenomyosis and risk of preterm delivery. BJOG 114(2):165–169

 152. Leyendecker G, Kunz G, Kissler S, Wildt L (2006) Adenomyosis 
and reproduction. Best Prac Res 20(4):523–546

 153. Fritsch H (1894) Ein Fall von volligen Schwund der Gebaumutter-
hohle nach Auskratzung. Zentralbl gynaekol 18:1337–1342

 154. Asherman J (1950) Traumatic intra-uterine adhesions. J Obstet 
Gynaecol Br Emp 57:892–896

 155. Yu D, Wong YM, Cheong Y, Xia E, Li TC (2008) Asherman 
syndrome–one century later. Fertil Steril 89(4):759–779

 156. Schenker JG, Margalioth EJ (1982) Intrauterine adhesions: an 
updated appraisal. Fertil Steril 37(5):593–610

 157. Ericksen J, Kaestel C (1960) The incidence of uterine atresia after 
post-partum c urettage: a follow-up examination of 141 patients. 
Dan Med Bull 7:50–51

 158. Jensen PA, Stromme WB (1972) Amenorrhea secondary to puer-
peral curettage (Asherman’s syndrome). Am J Obstet Gynecol 
113(2):150–157

 159. Tam WH, Lau WC, Cheung LP, Yuen PM, Chung TK (2002) 
Intrauterine adhesions after conservative and surgical management 
of spontaneous abortion. J Am Assoc Gynecol Laparosc 9(2): 
182–185

 160. Klein SM, Garcia CR (1973) Asherman’s syndrome: a critique and 
current review. Fertil Steril 24(9):722–735



26315 Acquired Uterine Factors and Infertility

 161. Friedler S, Margalioth E, Kafka I, Vaffe H (1993) Incidence of 
post-abortion intrauterine adhesions evaluated by hysteroscopy – a 
prospective study. Hum Reprod 8:442–444

 162. Hofmeister F (1972) Discussion. Am J Obstet Gynecol 113:150
 163. Polishuk WZ, Anteby SO, Weinstein D (1975) Puerperal endo-

metritis and intrauterine adhesions. Int Surg 60(8):418–420
 164. Tsapanos VS, Stathopoulou LP, Papathanassopoulou VS, 

Tzingounis VA (2002) The role of Seprafilm bioresorbable mem-
brane in the prevention and therapy of endometrial synechiae. 
J Biomed Mater Res 63(1):10–14

 165. Buckley C (2002) Normal endometrium and non-proliferative con-
ditions of the endometrium. In: Fox H, Wells M (eds) Obstetrical 
and gynaecological pathology, 5th edn. Churchill Livingstone, 
London, pp 391–442

 166. Yaffe H, Ron M, Polishuk WZ (1978) Amenorrhea, hypomenorrhea, 
and uterine fibrosis. Am J Obstet Gynecol 130(5):599–601

 167. Bergman P (1961) Traumatic intra-uterine lesions. Acta Obstet 
Gynecol Scan 40(Suppl 4):1–39

 168. Asherman J (1948) Amenorrhoea traumatica (atretica). J Obstet 
Gynaecol Br Emp 55:23–30

 169. Zarek S, Sharp HT (2008) Global endometrial ablation devices. 
Clin Obstet Gynecol 51(1):167–175

 170. Robinson JK, Colimon LM, Isaacson KB (2008) Postoperative 
adhesiolysis therapy for intrauterine adhesions (Asherman’s 
syndrome). Fertil Steril 90(2):409–414

 171. (1988) The American Fertility Society classifications of adnexal 
adhesions, distal tubal occlusion, tubal occlusion secondary to 
tubal ligation, tubal pregnancies, mullerian anomalies and 
intrauterine adhesions. Fertil Steril 49(6):944–55

 172. Sylvestre C, Child TJ, Tulandi T, Tan SL (2003) A prospective 
study to evaluate the efficacy of two- and three-dimensional 
sonohysterography in women with intrauterine lesions. Fertil 
Steril 79(5):1222–1225

 173. Wamsteker K, DeBlock S (1998) Diagnostic hysteroscopy: 
technique and documentation. WB Saunders, London

 174. Nasr AL, Al-Inany HG, Thabet SM, Aboulghar M (2000) A clini-
cohysteroscopic scoring system of intrauterine adhesions. Gynecol 
Obstet Invest 50(3):178–181

 175. Westendorp IC, Ankum WM, Mol BW, Vonk J (1998) Prevalence 
of Asherman’s syndrome after secondary removal of placental 
remnants or a repeat curettage for incomplete abortion. Hum 
Reprod 13(12):3347–3350

 176. Weiss A, Shalev E, Romano S (2005) Hysteroscopy may be jus-
tified after two miscarriages. Hum Reprod 20(9):2628–2631

 177. Ventolini G, Zhang M, Gruber J (2004) Hysteroscopy in the 
evaluation of patients with recurrent pregnancy loss: a cohort 
study in a primary care population. Surg Endosc 18(12): 
1782–1784

 178. Raziel A, Arieli S, Bukovsky I, Caspi E, Golan A (1994) 
Investigation of the uterine cavity in recurrent aborters. Fertil 
Steril 62(5):1080–1082

 179. Adoni A, Palti Z, Milwidsky A, Dolberg M (1982) The incidence 
of intrauterine adhesions following spontaneous abortion. Int J 
fertil 27(2):117–118

 180. Al-Inany H (1998) Intrauterine adhesions; an update. Acta Obstet 
Gynecol Scan 80:986–993

 181. Tur-Kaspa I, Gal M, Hartman M, Hartman J, Hartman A (2006) A 
prospective evaluation of uterine abnormalities by saline infusion 
sonohysterography in 1, 009 women with infertility or abnormal 
uterine bleeding. Fertil Steril 86(6):1731–1735

 182. Preutthipan S, Linasmita V (2003) A prospective comparative 
study between hysterosalpingography and hysteroscopy in the 
detection of intrauterine pathology in patients with infertility. 
J Obstet Gynaecol Res 29(1):33–37

 183. Schlaff WD, Hurst BS (1995) Preoperative sonographic mea-
surement of endometrial pattern predicts outcome of surgical 

repair in patients with severe Asherman's syndrome. Fertil Steril 
63(2):410–413

 184. Salle B, Gaucherand P, de Saint Hilaire P, Rudigoz RC (1999) 
Transvaginal sonohysterographic evaluation of intrauterine 
adhesions. J Clin Ultrasound 27(3):131–134

 185. Bacelar A (1995) The value of MRI in the assessment of traumatic 
intr-uterine adhesions (Asherman’s syndrome). Clin Radiol 50: 
80–83

 186. Confino E, Friberg J, Giglia R, Gleicher N (1985) Sonographic 
imaging of intrauterine adhesions. Obstet Gynecol 66:596–598

 187. Taylor PJ, Hamou JE (eds) (1995) Hysteroscopy in infertility and 
repeated pregnancy loss. Mosby-Wolfe, London

 188. Valle RF, Sciarra JJ (1988) Intrauterine adhesions: hysteroscopic 
diagnosis, classification, treatment, and reproductive outcome. 
Am J Obstet Gynecol 158(6 Pt 1):1459–1470

 189. Cararach M, Penella J, Ubeda A, Labastida R (1994) Hysteroscopic 
incision of the septuate uterus: scissors versus resectoscope. Hum 
Reprod 9:87–89

 190. Zikopoulos KA, Kolibianakis EM, Platteau P et al (2004) Live 
delivery rates in subfertile women with Asherman’s syndrome 
after hysteroscopic adhesiolysis using the resectoscope or the 
Versapoint system. Reprod Biomed Online 8(6):720–725

 191. Toaff R, Ballas S (1978) Traumatic hypomenorrhea-amenorrhea 
(Asherman's syndrome). Fertil Steril 30(4):379–387

 192. Coccia M, Becattini C, Bracco G, Bargelli G, Scarselli G (2000) 
Intraoperative ultrasound guidance for operative hysteroscopy. a 
prospective study. J Reprod Med 45:413–418

 193. McComb PF, Wagner BL (1997) Simplified therapy for Asherman’s 
syndrome. Fertil Steril 68(6):1047–1050

 194. Protopapas A, Shushan A, Magos A (1998) Myometrial scoring: a 
new technique for the management of severe Asherman’s syndrome. 
Fertil Steril 69(5):860–864

 195. Capella-Allouc S, Morsad F, Rongieres-Bertrand C, Taylor S, 
Fernandez H (1999) Hysteroscopic treatment of severe 
Asherman’s syndrome and subsequent fertility. Hum Reprod 
14:1230–1233

 196. Reddy S, Rock JA (1997) Surgical management of complete oblit-
eration of the endometrial cavity. Fertil Steril 67(1):172–174

 197. Hellebrekers BW, Trimbos-Kemper TC, Trimbos JB, Emeis JJ, 
Kooistra T (2000) Use of fibrinolytic agents in the prevention of 
postoperative adhesion formation. Fertil Steril 74(2):203–212

 198. Kappas AM, Barsoum GH, Ortiz JB, Keighley MR (1992) 
Prevention of peritoneal adhesions in rats with verapamil, hydro-
cortisone sodium succinate, and phosphatidylcholine. Eur J Surg = 
Acta chirurgica 158(1):33–35

 199. Wood J, Pena G (1964) Treatment of traumatic uterine synechias. 
Int J Fertil 9:405–410

 200. Farhi J, Bar-Hava I, Homburg R, Dicker D, Ben-Rafael Z (1993) 
Induced regeneration of endometrium following curettage for 
abortion: a comparative study. Hum Reprod 8(7):1143–1144

 201. Massouras HG (1974) The treatment of uterine adhesions with the 
“Massouras Duck foot”. Acta Eur Fertil 5(2):137–147

 202. Polishuk WZ, Adoni A, Aviad I (1969) Intrauterine device in the 
treatment of traumatic intrauterine adhesions. Fertil Steril 20(2): 
241–249

 203. March CM (1995) Intrauterine adhesions. Obstet Gynecol Clin 
North Am 22(3):491–505

 204. Orhue AA, Aziken ME, Igbefoh JO (2003) A comparison of two 
adjunctive treatments for intrauterine adhesions following lysis. 
Int J Gynaecol Obstet 82(1):49–56

 205. Amer MI, El Nadim A, Karim H (2005) The role of intrauterine 
balloon after operative hysteroscopy in the prevention of intrauter-
ine adhesions: a prospective controlled study. MEFS J 
10:125–129

 206. Acunzo G, Guida M, Pellicano M et al (2003) Effectiveness 
of auto-cross-linked hyaluronic acid gel in the prevention of 



264 H.H. Hatasaka

intrauterine adhesions after hysteroscopic adhesiolysis: a pro-
spective, randomized, controlled study. Hum Reprod 18(9): 
1918–1921

 207. Amer MI, Abd-El-Maeboud KH (2006) Amnion graft following 
hysteroscopic lysis of intrauterine adhesions. J Obstet Gynaecol 
Res 32(6):559–566

 208. Robinson JK, Colimon LM, Isaacson KB (2008) Postoperative 
adhesions (Asherman's syndrome). Fertil Steril 90(2):409–414. 
Epub 2008 Jun 20

 209. Fedele L, Vercellini P, Viezzoli T, Ricciardiello O, Zamberletti D 
(1986) Intrauterine adhesions: current diagnostic and therapeutic 
trends. Acta Eur Fertil 17:31–37

 210. Feng Z, Yang B, Shao J, Liu S (1999) Diagnostic and therapeutic 
hysteroscopy for traumatic intrauterine adhesions after induced 
abortions: clinical analysis of 365 cases. Gynaecol Endosc 8:95–98

 211. Pabuccu R, Atay V, Orhon E, Urman B, Ergun A (1997) Hysteroscopic 
treatment of intrauterine adhesions is safe and effective in the 
restoration of normal menstruation and fertility. Fertil Steril 
68(6):1141–1143

 212. Preutthipan S, Linasmita V (2000) Reproductive outcome fol-
lowing hysteroscopic lysis of intrauterine adhesions: a result of 65 
cases at Ramathibodi Hospital. J Med Assoc Thai 83(1):42–46

 213. Parent B, Barbot J, Dubuisson J (1988) Synechies uterine encyclo-
pedie medico-chirurgicale. Gynecologie 140A:10

 214. Friedman A, DeFazio J, DeCherney A (1986) Severe obstetric 
complications after aggressive treatment of Asherman syndrome. 
Obstet Gynecol 67(6):864–867

 215. Sugimoto O (1978) Diagnostic and therapeutic hysteroscopy for 
traumatic intrauterine adhesions. Am J Obstet Gynecol 131(5): 
539–547

 216. Roge P, Cravello L, D'Ercole C, Broussse M, Boubli L, Blanc B 
(1997) Intrauterine adhesions and fertility: results of hysteroscopic 
treatment. Gynaecol Endosc 6:225–228

 217. Pistofidis GA, Dimitropoulos K, Mastrominas M (1996) 
Comparison of operative and fertility outcome between groups of 
women with intrauterine adhesions after adhesiolysis. J Am Assoc 
Gynecol Laparosc 3(4, Supplement):S40

 218. Goldenberg M, Schiff E, Achiron R, Lipitz S, Mashiach S (1997) 
Managing residual trophoblastic tissue. Hysteroscopy for direct-
ing curettage. J Reprod Med 42(1):26–28

 219. Massouras HG (1973) Intrauterine adhesions: a syndrome of 
the past with the use of the Massouras duck’s foot No. 2 intra-
uterine contraceptive device. Am J Obstet Gynecol 116(4): 
576–578



265

Abstract The Müllerian ducts (mesodermal origin) are 
primordial roots of the internal female reproductive organs 
and differentiate to form the fallopian tubes, uterus, uterine 
cervix, and upper one third of the vagina. The mean incidence 
of uterine malformations in the general population is 4.3%, 
while women with infertility have a 3–6% incidence of abnor-
mality. Patients with recurrent miscarriage have an even higher 
incidence. This chapter reviews the embryological basis of 
these important abnormalities and their clinical ramifications.

Keywords Müllerian duct • Müllerian anomaly • Müllerian 
defect • Müllerian malformation • Genitourinary anomaly • 
Gynecologic malformation • Female reproductive tract • 
Reproductive tract abnormalities • Uterine agenesis • Vaginal 
agenesis • Duplicate uterus • Duplicate vagina • Uterine anom-
alies • Uterine abnormalities • Uterine defect • Menstrual disor-
der • Infertility • Obstetric complication • Agenesis • Hypoplasia 
• Lateral fusion defect • Vertical fusion defect • Resorption 
defect • Des-related abnormalities • Diethylstilbestrol-related 
abnormalities • Mayer–Rokitansky–Kuster–Hauser syndrome 
• MRKH syndrome • Vaginoplasty • Didelphys uterus • 
Unicornuate uterus • Wunderlich-Herlyn-Werner syndrome 
• Obstructed hemivagina and ipsilateral renal agenesis • 
Bicornuate uterus • Bicornuate unicollis uterus • Arcuate uterus 
• Septate uterus • Vaginal atresia • Paramesonephric (Müllerian) 
ducts • Mesonephric (Wolffian) ducts • Hysterosalpingography 
• HSG • Sonohysterography • Saline infusion sonography • SIS

16.1 Introduction

Reproductive endocrinologists are often called upon to 
evaluate young women presenting with amenorrhea, cyclic 
pelvic pain, dysmenorrhea, persistent post menstrual spotting, 

recurrent miscarriage, history of preterm labor, and/or obstetrical 
malpresentation – all potentially consistent with genitourinary 
anomalies. While present evaluation paradigms emphasize the 
Müllerian embryologic origin of the anomalies, a knowledge 
of the embryology of the mesonephric ducts and the urogenital 
sinus are critical for a thorough evaluation of each patient.

16.2 Incidence/Prevalence

Columbo reported the first documented case of uterine 
and vaginal agenesis in the sixteenth century [1]. Despite 
the frequency of evaluations for Müllerian anomlies (MA) in 
reproductive medicine clinics, the actual incidence (annual 
diagnosis rate) and prevalence rates (percentage of the popu-
lation affected at any one time) of Müllerian anomalies 
remain vague, at best. This may be partially due to late report-
ing, nonuniform classification systems, discrepant diagnostic 
methods, the asymptomatic nature of many Müllerian “anom-
alies,” confounding/unclassified meosnephric anomalies, and/
or differing study populations. These factors make assess-
ment of the incidence and prevalence rates for genitourinary 
anomalies (Müllerian or Wollfian and/or their combinations) 
and their potential association with environmental endocrine 
disrupters problematic.

Early clinical researchers reported an incidence (annual 
diagnosis rate) of müllerian anomalies (MA) of 0.1–3.5% [2–5]. 
More recently, Grimbizis and colleagues (2001) collated data 
from multiple studies on uterine anomalies (n = 3,000 with an 
anomaly) and calculated a mean incidence for uterine malfor-
mations in the general population (i.e., general and fertile pop-
ulation) of 4.3% [6]. In women with infertility, the calculated 
incidence of uterine anomalies was higher at 3–6%. Recurrent 
abortions are estimated to have an incidence of 5–10%, 
and those experiencing third-trimester miscarriages appear 
to be at the greatest risk [7, 8].

In women with recurrent pregnancy loss who are undergoing 
hysterosalpingography (HSG), the prevalence rate of Müllerian 
anomalies is as high as 8–10% [9, 10]. That rate contrasts with 
a prevalence rate of 2–3% in women undergoing hysteroscopy 
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without the diagnosis of recurrent pregnancy loss [11, 12]. 
Byrne et al.[13] used ultrasound examinations to establish a 
prevalence rate for MA in girls and women who were evalu-
ated for reasons unrelated to the presence of uterine anoma-
lies. These 2,065 consecutive, prospective ultrasound 
examinations for nonobstetric indications in girls and women 
(aged 8–93 years) showed eight with anomalies, including 
bicornuate, septate, and didelphys uteri for a prevalence of 
3.87 per 1,000 women (95% confidence interval, 1.67–7.62), 
hence approximately 1 MA in 250 women. The range of preva-
lence rates in the literature is 0.16–10% and highest when the 
arcuate uterus is included in the diagnostic criteria. Studies in 
this arena will require thoughtful epidemiological consider-
ation for appropriate interpretation.

16.3 Embryologic Origin

The Müllerian ducts (mesodermal origin) are primordial 
roots of the internal female reproductive organs and differen-
tiate to form the fallopian tubes, uterus, uterine cervix, and 
upper one-third of the vagina. The urogenital sinus – UGS – 
(endodermal origin) is thought to give rise to the lower and 
mid-vagina. Disruption of the developing mesoderm and its 
contiguous somites may account for some of the axial skel-
etal abnormalities seen in MA. The developing kidney and 
urinary system (Wolffian or mesonephric ducts) are parallel 
mesodermal structures and closely related to the reproduc-
tive tract, thus abnormalities in the renal/urinary system are 
often associated with defects in the Müllerian system and 
must be considered during the evaluation.

16.3.1  Embryology of the Fallopian Tubes, 
Uterus, and Uterine Cervix (Fig. 16.1)

Both male and female embryos at 6 weeks have paired geni-
tourinary ducts: the paramesonephric (Müllerian) ducts and 
the mesonephric (Wolffian) ducts [14]. Wolffian duct devel-
opment antedates the development of the Müllerian ducts. 
The Wolffian ducts drain the contents of the primitive meso-
nephric kidney into the cloaca, for a short period of time [15]. 
Both male and female fetuses have Müllerian ducts in the 
embryonic period of development. In the male, the Müllerian 
ducts are suppressed at 8–10 weeks due to the production of 
anti-Müllerian hormone (AMH) by the testis. Müllerian duct 
regression begins cranially and progresses caudally, which is 
associated with a concentration gradient in AMH protein 
along the length of the duct. Müllerian duct regression 
involves progressive apoptosis and the nuclear accumulation 
of beta-catenin in peri-Müllerian mesenchymal cells. The 

absence of AMH in females allows the Müllerian ducts to 
continue their differentiation. However, if the testes are inca-
pable of secreting AMH (as in complete gonadal dysgenesis 
or with inactivating mutations of the AMH gene) or when 
there is a defect in the AMH type II receptor, a phenotypic 
male can be born with a uterus and fallopian tubes. This is 
called the persistent Müllerian duct syndrome. In males with 
persistent Müllerian duct syndrome, the testes usually fail 
to descend despite normal testosterone levels. Explanations 
for the undescended testes include a role for AMH in testicular 
descent or anatomical inhibition of descent due to the persis-
tent Müllerian ducts. AMH is thought to have additional con-
trolling effects on Leydig cell development, and AMH type 
II receptor knockout mice have Leydig cell hyperplasia.

As noted, Wolffian ducts degenerate in the female in the 
absence of anti-Müllerian hormone (AMH) [16]. As they 
degenerate, the Wolffian ducts provide an anatomic scafold for 
the developing Müllerian ducts which develop bidirectionally 
on the lateral aspects of the gonads. This unique interplay 
between the mesonephric and paramesonephric ducts explains 
the relatively frequent association between renal/urinary tract 
malformations and Müllerian anomalies. The American 
Society for Reproductive Medicine (ASRM) Müllerian 
Anomaly Classification system (Table 16.1) emphasizes the 
Müllerian duct findings. Table 16.2 details the findings in each 
Müllerian anomaly category based on the ASRM system. 
However, as Pedro and Maribel Acien have pointed out for 
decades, a thoughtful evaluation of renal/urinary (Wolffian) 
anomalies should be included in order to understand the extent 
of the anomaly, as well as when devising treatment plans 
(Table 16.3) [17].

The Müllerian ducts originate as longitudinal invaginations 
of coelomic epithelium on the anterolateral surface of the uro-
genital ridge [15]. During the 9th week of gestation, they elon-
gate and demonstrate three regions; cranial vertical, horizontal, 
and caudal–vertical [15, 18, 19]. The funnel-shaped cranial 
vertical regions open into the primitive peritoneal cavity and 
form the fimbriated ends of the fallopian tubes. The horizontal 
segments migrate to the mesonephric ducts, cross ventrally, 
and then extend caudomedially. They form the isthmic struc-
ture of the fallopian tubes. Each caudal–vertical region joins 
its contralateral partner at the median plane of the future pel-
vis. These paired Müllerian duct regions fuse and form a single 
Y-shaped tubular structure, the uterovaginal primordium 
(UVP) [15, 18, 19]. Combinations of failed fusion (vertical 
fusion) and resorption (lateral fusion) in this segment explain 
many of the Müllerian anomaly configurations.

Until 1994, the unidirectional theory posited that the 
Müllerian ducts fuse in a caudal–cranial direction. Thus, if a 
duplicated cervix (bicollis) was noted, the uterus would be 
bicornuate and result in the uterine didelphys configuration. 
However, the Müllerian anomaly characterized by cervical 
duplication, a complete uterine septum (normal external 



26716 Müllerian (Paramesonephric) Anomalies and Associated Wolffian (Mesonephric) Duct Malformations

Fig. 16.1 Development of the fallopian tubes, uterus, and uterine cervix. (Reprinted with permission from Moore KL, Persaud TVN and Torchia 
MG, The Developing Human, Clinically Oriented Embryology, 8th Edition, Saunders/Elsevier, Philadelphia, PA, 2008; pg 268)
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Table 16.1 The American Fertility Society classification of Müllerian anomalies

Ia the uterus may be normal or take a variety of abnormal forms
Va may have two distinct cervices
Copyright© 2009 by the American Society for Reproductive Medicine. All rights reserved. No part of this presentation may be reproduced or trans-
mitted in any form or by any means, electronic or mechanical, including photocopying, recording or by any information storage and retrieval system 
without permission in writing from the American Society for Reproductive Medicine, 1209 Montgomery Highway, Birmingham, AL 35216

concave configuration with septate uterine cavity extending 
through the cervix) and a longitudinal vaginal septum sup-
ports the more recent bidirectional theory, wherein, fusion 
of the Müllerian ducts is both segmental and bidirectional 
[20, 21].

The uterine region of the UVP gives rise to the uterus and 
the upper third of the vagina [15, 18]. At this stage, the uterus 
is bicornuate, but is developmentally plastic. It continues to dif-
ferentiate by means of fusion and subsequent resorption/canali-
zation of the intervening septum. Apoptosis appears to mediate 
regression of the uterine septum through bcl-2 gene expression 
[22]. Bcl-2, an apoptosis regulating protein, has been notably 
absent from the septa of four septate uteri using a monoclonal 
antibody assay and by immunohistochemistry. At week 12, the 
uterus assumes its morphologic pear shape with an endome-
trium that is derived from the lining of the fused müllerian 
ducts. The endometrial stroma and myometrium originate 

from the adjacent mesenchyme [15, 18]. By the 22nd week, 
the Müllerian derived fallopian tubes, uterus, and cervix are 
developmentally mature [15].

16.3.2  Embryology of the Vagina and Hymen 
(Fig. 16.2)

Vaginal development requires the fusion of the mesodermal 
Müllerian ducts and the endodermal UGS (urogenital sinus). 
The caudal tip of the UVP inserts into the dorsal wall of the 
UGS forming the Müllerian or sinus tubercle. The sinus 
tubercle induces the formation of paired endodermal evagi-
nations – the sinovaginal bulbs. They extend as a solid core 
from the UGS to the caudal aspects of the UVP, fuse, and 
form the vaginal plate. The vaginal plate and the sinovaginal 
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bulbs reform the UGS into a flat vestibule. The vaginal plate 
canalizes to form the vaginal canal by week 20. The vagina’s 
fibromuscular wall comes from surrounding mesenchyme 
and is derived from the UVP, the UGS or a combination 
which remains to be determined conclusively [15].

Hart (1901) [23] and Mijsberg (1924)[24] both identified 
the sinovaginal bulbs as “Wolffian bulbs” and suggested they 
were derivatives of the caudal aspects of the Wolffian (meso-
nephric) and paramesonephric (Müllerian) ducts. In a mouse 

model, the vagina arises from the downward growth of meso-
nephric and paramesonephric ducts and the sinovaginal bulbs 
are formed by the caudal mesonephric ducts. It was also sug-
gested that vaginal development is under negative control of 
androgens. Human studies of embryological development also 
parallel these findings by sharing a common basement mem-
brane between the caudal Müllerian and Wolfian ducts [25]. 
Acien and colleagues have helped solidify the apparent union 
of the Wolffian and Müllerian ducts in embryological devel-

Table 16.3 Ascien’s modified classification system for genitourinary anomalies

1. Agenesis or hypoplasia of a whole urogenital ridge: Unicornuate uterus with uterine, tubal, ovarian and renal agenesis on the contralateral side
2. Mesonephric anomalies with absence of the Wolfian duct opening to the urogenital sinus and of the urethral bud sprouting (and therefore, 

renal agenesis). The “inductor” function of the Wolfian duct on the Müllerian duct is also failing and there is usually:  
Utero-vaginal duplicity plus blind hemivagina ipsilateral with the renal agenesis, clinically presented as:
(a) Large unilateral hematocolposa

(b) Gartner’s pseudocyst on the anterolateral wall of the vaginaa

(c) Partial reabsorption of intervaginal septum, seen as a “buttonhole” on the anterolateral wall of the normal vagina which allows access to 
the genital organs on the renal agenesis side

(d) Vaginal or complete cervico-vaginal unilateral agenesis, ipsilateral with the renal agenesis, and (1) with no communication, or (2) with 
communication between both hemiuteri (communication uteri)

3. Isolated Müllerian anomalies
(a) Müllerian ducts: they are common uterine malformations as unicornuate (generally, with uterine rudimentary horn), bicornuate, septate 

and didelphys uterus
(b) Müllerian tubercle: cervico-vaginal atresia and segmentary anomalies such as tranverse vaginal septum
(c) Both, Müllerian tubercle and ducts: (uni- or bilateral) Mayer–Rokitansky–Kuster–Hauser syndrome

4. Anomalies of the urogenital sinus: cloacal anomalies and others
5. Malformative combinations: Wolfian, Müllerian and cloacal anomalies
aThese types can associate a vaginal ectopic ureter and interseptal or interuterine communication
Reprinted with permission from Human Repro, Acien P et al. 2004; 19(10): 2377–2384 [17]

Fig. 16.2 Development of the vagina and hymen. (Reprinted with permission from Moore KL, Persaud TVN and Torchia MG, The Developing 
Human, Clinically Oriented Embryology, 8th Edition, Saunders/Elsevier, Philadelphia, PA, 2008; pg 269)
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opment by their extensive descriptions of MA associated 
with urogenital malformations. In one case report, they 
described a woman with complex urogenital malformations 
that suggested a Wolffian (mesonephric) duct and sinus 
tubercle origin for the vagina. The patient had a didelphys 
uterus, unilateral cervical–vaginal atresia, and ipsilateral 
renal agenesis. During hemi-hysterectomy, the atretic 
hemicervix opened into an atretic duct, which continued 
inferiorly to terminate at the existing normal vagina. Acien 
concluded that the histopathologic findings, suggested a role 
for the Wolffian ducts in vaginal formation [26]. Pedro and 
Maribel Acien have suggested a genitourinary classification 
system (Table 16.3) that includes consideration of both the 
Müllerian and Wolffian ducts when classifying an individual 
anomaly [17].

The vaginal hymen is a vestige of the endodermal mem-
brane that differentiates into the vaginal vestibule. It sepa-
rates the vaginal lumen from the UGS cavity and is formed 
by caudal expansion of the vagina with subsequent invagina-
tion into the posterior wall of the UGS [15]. The hymen usu-
ally ruptures perinatally and the remnants persist as a thin 
mucous membrane.

The American Society for Reproductive Medicine, based 
on the previous work of Buttram and Gibbons [27], classified 
the anomalies of the female reproductive tract into groups 
according to similarities in clinical manifestations, the degree to 
which normal development failed, and the possible prognoses, 
with treatment, for reproductive performance (Table 16.1). 
The various Müllerian anomalies are the consequences of the 
following disturbances – isolated or combined, complete or 
incomplete failure of: formation; fusion; resorption, or canali-
zation. Table 16.2 utilizes the ASRM classification system and 
includes information on the class, major clinical findings etiol-
ogy, diagnosis, and treatment of each anomaly group. Complete 
assessment of a Mullerian anomaly should now include con-
sideration of Wolffian anomalies as outlined by Acien. 
Table 16.3 contains Ascien’s Modified Classification System 
for Genitourinary Anomalies which we recommend as part of 
the evaluation exercise.

16.4  Theories for the Etiology  
of Reproductive Malperformance

Previous explanations for reproductive malperformance have 
included diminished uterine volume, cervical incompetance, 
muscular/connective tissue ratios of the septum, and inade-
quate vascularization of the uterine septum. Studies have 
confirmed irregular differentiation and estrogenic maturation 
of the endometrium covering the uterine septum [28]. This 
could result in a compromise of implantation and placental 
growth and function and result in infertility, pregnancy loss, 

and/or abruptio placenta. In contrast to the previously held 
notion of increased connective tissue in the septum, there is 
in fact less connective tissue and more muscle [29]. The 
increased muscular tissue may result in poor decidualization 
and placentation due to reduced connective tissue and a high 
degree of uncoordinated contractility due to increased mus-
cle content. This has been confirmed both histologically and 
radiographically. The role of cervical incompetence in 
Müllerian anomalies is unclear.

16.5 Diagnostic Evaluation and Treatment

Multiple methods are available for diagnostic evaluation of 
suspected Müllerian anomalies, however, MRI and 3D trans-
vaginal ultrasound are the most sensitive and specific diag-
nostic tools. Hysterosalpingogram or saline infusion 
sonogram (SIS or sonohysterography) are recommended in 
the initial evaluation. The evaluation, diagnosis, and treat-
ment of MA are outlined in Tables 16.1–16.3.
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Abstract Recurrent miscarriage is a common pathology 
fond in 1% to 5% of reproductively active couples. This chap-
ter discusses the possible causes of recurrent miscarriage, and 
delineates a cost effective, productive strategy for the clinical 
evaluation of couples with two or more miscarriages.

Keywords Recurrent miscarriage • Abortion • Uterine 
anomalies • Aneuploidy • Antiphospholipid antibodies • 
Alloimmunity • Thrombophilia

17.1  Background and Introduction

Spontaneous abortion, or miscarriage, is perhaps the most 
common complication of pregnancy, occurring in at least 
one-quarter of women attempting to reproduce. Many clinicians 
consider the loss of three or more consecutive pregnancies to 
be the definition of recurrent miscarriage, a condition that 
occurs in approximately 1% of reproductively active couples. 
Experts hold that two consecutive miscarriages is sufficient 
for the diagnosis of recurrent miscarriage; this occurs in 
about 5% of reproductively active couples [1].

Miscarriage is historically defined as pregnancy loss prior 
to 20 weeks of gestation. This rather arbitrary definition 
ignores the precepts of developmental biology, our currently 
available diagnostic capabilities, and the clinical realities of 
pregnancy loss.

17.1.1  Conceptus Development  
and Miscarriage

The development of the conceptus is, of course, a biologic 
continuum. However, largely different stages of development 

are identifiable and are useful in understanding and studying 
pregnancy loss. Experts debate the terminology and the exact 
beginning and end of each stage. One useful categorization 
is as follows:

The preembryonic period lasts from conception through • 
the 4th week, from the first day of the last menstrual 
period (3 weeks after conception). During this period, the 
early trophoblast differentiates from the tissue destined to 
become the embryo (the inner cell mass) and accomplishes 
implantation into the maternal endometrium (days 6–7 
after fertilization). The pre-embryo develops into a bilaminar, 
and then trilaminar disk of cells and microscopically 
observable alterations of the cell disk define the cranial 
end central neural axis of the pre-embryo.
The embryonic period begins around the 5th week of • 
gestation, lasting through the 9th week of gestation. During 
the embryonic period, the trilaminar disk folds to become 
cylindrical, the head and tail regions become recognizable 
as cranial and caudal folds, definite segmentation is seen, 
and all organs form (organogenesis).
The fetal period begins at the 10th week of gestation and • 
extends through pregnancy until delivery. This period is 
characterized by relatively little organogenesis, but with 
substantial growth and differentiation of previously 
formed structures.

There are also distinct phases in the development of the 
placenta and the maternal–fetal circulation. Histological 
examination [2] and Doppler ultrasonography [3] indicate that 
normal pregnancies are characterized by obstruction of utero-
placental arteries by invading trophoblastic cells. This process 
markedly limits maternal blood flow into the intervillous tis-
sue during the first 10–12 weeks. During this time, the intervil-
lous space is filled with acellular fluid [4], and the environment 
is relatively hypoxic [5]. Although there appears to be some 
individual variation, trophoblastic regression and dislocation 
of arteriolar trophoblastic plugs beginning at 10 weeks gesta-
tion allow initiation of true intervillous blood flow and a con-
comitant increase in the intervillous oxygen tension. Until this 
transpires, it is thought that oxygenation of the embryonic 

D.W. Branch and C. Heuser (*) 
Department of Obstetrics and Gynecology, Division of Maternal  
Fetal Medicine, University of Utah School of Medicine, Salt Lake 
City, UT, USA 
e-mail: ware.branch@hsc.utah.edu

Chapter 17
Recurrent Miscarriage

D. Ware Branch and Cara Heuser

D.T. Carrell and C.M. Peterson (eds.), Reproductive Endocrinology and Infertility: Integrating Modern Clinical and Laboratory Practice, 
DOI 10.1007/978-1-4419-1436-1_17, © Springer Science+Business Media, LLC 2010



282 D.W. Branch and C. Heuser

tissues occurs largely through diffusion across adjacent tissues, 
rather than through an organized circulatory delivery.

These current concepts in developmental biology are 
highly relevant to recurrent miscarriage because they under-
score the different vulnerabilities of the conceptus at different 
periods in gestation. For example, it is well accepted that 
chromosome abnormalities render the conceptus susceptible 
to both developmental abnormalities and miscarriage, 
with different chromosome abnormalities likely to “cause” 
miscarriage at very different gestational ages. Our under-
standing of developmental abnormalities in euploid concep-
tions is, however, fairly limited. Early in the history of 
murine transgenic research, Andrew Copp noted how little 
was understood about developmental defects leading to 
embryonic or fetal demise [6]. In 1995, he summarized over 
50 embryo-fetal lethal mutations in the mouse and was able 
to characterize them as affecting (1) the peri-implantation 
period, (2) the period of organogenesis, or (3) the fetal period. 
In each of these three periods, well-documented experimental 
genetic models of pregnancy loss, complete with relevant 
histopathology, were identified. On the basis of his analysis, 
Copp proposed the concept of “developmental bottlenecks,” 
identifying, for example, three such bottlenecks in the peri-
implantation period: blastocyst development, development 
of a connection between the blastocyst and the decidua, and 
completion of gastrulation. Examples of bottlenecks later in 
gestation included abnormalities in vasculogenesis linked to 
lethality during the period of organogenesis and abnormalities 
in hematopoesis linked to fetal death.

Currently, there is very little direct evidence of developmental 
defects in euploid conceptions as a cause of either sporadic 
or recurrent miscarriage. The primary reason for this is the 
lack of systematic morphological assessment of human 
miscarriages occurring before the early-to-mid second 
trimester. One group of investigators performing meticulous 
morphologic studies of abortuses found that 214 of 1,124 
specimens (19%) were dysmorphic in nature, while only 30 
(2.7%) had a recognized chromosome abnormality [7]. No 
such work exists for recurrent miscarriages, and our under-
standing of the remarkably complex field of developmental 
biology as it relates to human miscarriage remains infantile.

The foregoing underscores a critically important distinction 
in the field of recurrent miscarriage: recurrent early miscarriage 
(<10 weeks gestation) vs. recurrent late miscarriage (10 or 
more weeks gestation). Events in the latter category are often 
referred to as fetal deaths, whereas events in the former 
category may be termed as pre-embryonic or embryonic 
pregnancy losses. The distinction is important because the 
etiologies and recurrence rates of these two broad categories 
of pregnancy loss differ. In addition, recurrent early miscar-
riage is a far more common presentation than recurrent late 
miscarriage. Distinctions between these two conditions will 
be made in the ensuing discussion.

17.1.2  Epidemiology of Miscarriage and 
Recurrent Miscarriage

Studies of early pregnancies detected with sensitive b-human 
chorionic gonadotropin (bhCG) assays indicate that at least 
30% of human pregnancies are lost, either as unrecognized 
pregnancy losses occurring before or with the expected next 
menses (about two-thirds of all losses) or as recognized preg-
nancy losses, traditionally referred to as miscarriages (about 
one-third of all losses). Several variables influence the rate of 
miscarriage, including age, number of prior spontaneous 
abortions, and parity (Fig. 17.1). Thus, the proportion of 
pregnancies ending in miscarriage ranges from approxi-
mately 9% in nulliparous and parous women aged 25–29 
years without a history of prior miscarriage to >40% in 
nulliparous women and >70% in parous women aged 40–44 
years with a history of three or more miscarriages [8]. The 
rate of spontaneous abortion above age 35 rises somewhat 
dramatically and is due in part to factors other than chromo-
somally abnormal conceptions [9]. The rate of second trimester 
fetal death follows a similar pattern, but the rate of rise begins 
to increase at the age of 30 [10]. The likelihood of miscarriage 
is also dependent upon past obstetric history. Women with a 
history of prior miscarriage have a higher risk and women 
with previous live births have a slightly lower risk.

When defined as the loss of two or more recognized 
pregnancies (American Society of Reproductive Medicine, 
2008), recurrent miscarriage occurs in up to 5% women 
attempting more than one pregnancy [1], depending upon the 
population in question. About 1% of women present with 
three or more consecutive miscarriages, again depending 
upon the population. These figures are thought to define a 
distinct clinical entity because they are higher than would be 
expected if recurrent miscarriages were due to recurrent 
“sporadic” losses, which occur in some 10–15% of all 
pregnancies and would predict a population-based likelihood 
of about 0.34%. Some experts recognize primary recurrent 
miscarriage in women without any prior successful pregnancy, 
and secondary recurrent miscarriage in women whose 
repetitive losses follow a live birth. There is no specific 
classification for women who have multiple miscarriages 
interspersed with live births. It is generally agreed that a 
workup for possible causes of recurrent miscarriage is 
indicated in most patients after two or three miscarriages.

17.2  Etiologies of Recurrent Miscarriage

Recurrent miscarriage has been ascribed to a variety of 
causal factors, including specific genetic, uterine, endocrine, 
thrombotic, alloimmune, autoimmune, and infectious factors. 
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However, none of these factors displays high sensitivity or 
specificity for recurrent miscarriage, and each may be found 
in couples with normal reproductive histories. Though the 
alleged causal factors are evaluated and managed individually 
in clinical practice, most couples do not have a single clear 
“cause.” Christiansen has recently suggested that recurrent 
miscarriage should be seen as a “mulitfactorial” condition, 
much like adult arteriosclerotic heart disease [11]. Using a 
multifactorial paradigm, several factors would contribute to 
the likelihood of miscarriages, with a “threshold” effect for 
recurrent miscarriage being achieved by the several factors 
combining to elevate the likelihood of miscarriage per 
pregnancy attempt. In particular, maternal age and the number 
of prior miscarriages play important roles. Fig. 17.1 shows 

the miscarriage rate by maternal age at conception and 
number of prior miscarriages. Increasing paternal age also is 
independently associated with miscarriage [12], with an 
adjusted odds ratio of 1.6 for men over 40 years of age. One 
can easily see how these important variables would influence 
the miscarriage rate per pregnancy attempt, and thus the like-
lihood of having recurrent miscarriage, especially in women 
over 35 years of age.

Allowing that recurrent miscarriage may be best considered 
a multifactorial condition, most reviews of the condition 
discuss etiologic categories separately, a practice that is 
useful in clinical care and perhaps most easily understood by 
the average couple. While there is widespread agreement regard-
ing a definite role for some etiologies, such as parental 

Fig. 17.1 Risk of spontaneous abortion in nulliparous and parous women according to maternal age at conception and number of spontaneous 
abortions in preceding 10 years [8]
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karyotype abnormalities, other proposed etiologies remain 
controversial or simply lack evidence. Lay information sources, 
fed by the distribution power of the internet, have contributed 
supposition and strong opinion to areas that lack scientific 
rigor and medical plausibility. Moreover, the typical couple 
with recurrent miscarriage understandably feels that the lack 
of an apparent clear etiology somehow poses a special 
threat to their reproductive future.

Each of the known or suspected major etiologies for 
recurrent miscarriage is discussed in the following section. It 
should be emphasized, however, that most couples with 
recurrent miscarriage are not found to have a single, credible 
etiology.

17.2.1  Environmental and Behavioral Factors

Cigarette smoking (Mishra et al. 2000), alcohol us [13] 
moderate-to-heavy caffeine use [14] and the use of certain 
recreational drugs such as cocaine have been associated with 
sporadic miscarriage, though not by all investigators [15, 16]. 
A relationship between smoking, alcohol, or caffeine use, 
and recurrent miscarriage is even less certain, though one 
case–control study found that smoking and high caffeine 
intake (>300 mg per day) were associated with repeated mis-
carriages [17]. In practice, most women with recurrent 
miscarriage who seek medical care will have greatly limited 
or discontinued the use of these agents after their first or 
second miscarriage, if not before.

There is virtually no evidence that physical activity, 
including sexual activity or exercise, cause miscarriage. 
As with cigarettes, alcohol, and caffeine use, most women 
with recurrent miscarriage who seek medical care will have 
greatly limited or discontinued strenuous physical activity.

Antidepressant use also might be associated with an 
increased rate of sporadic abortion [18], though depression 
itself cannot be excluded as a factor. Here again, a relationship 
between antidepressants and recurrent miscarriage is uncertain.

A modern-day concern is the possible association of 
obesity with sporadic miscarriage [19], especially with the 
burgeoning obesity epidemic in the U.S. Whether obesity is 
associated with recurrent miscarriage is uncertain, as is the 
role of weight reduction in subsequent pregnancy success.

17.2.1.1  Clinical Recommendations

There is no evidenced-based rationale for asking a couple 
with recurrent miscarriage to alter an otherwise healthy and 
reasonable lifestyle. It may be prudent to limit alcohol 
and caffeine intake, though most patients will already have 
done so by the time they seek medical advice. Whether or 
not it is similarly prudent to recommend discontinuation of 

antidepressants is uncertain and must be weighed against 
the psychological risk of doing so.

17.3  Genetic Factors

17.3.1  Embryonic Aneuploidy

Up to 60% of sporadic miscarriages are a result of embryonic 
aneuploidy. In addition, some investigators have suggested 
an association between abortus aneuploidy and recurrent 
miscarriage [20, 21], thereby raising the suspicion that 
recurrent embryonic aneuploidy might be a cause of recurrent 
miscarriage. This relationship is further supported by preim-
plantation genetic studies of women with recurrent miscar-
riage, which demonstrate an aneuploidy rate of 50% in all 
embryos [22, 23]. Two recent studies, however, did not find 
that recurrent aneuploidy of the conceptus was a “cause” of 
recurrent miscarriage. In one study, there was no difference 
in the distribution of abortus aneuploidy between women 
with recurrent miscarriage and a historic control group [20]. 
In the other study, abortus aneuploidy occurred significantly 
less often in recurrent miscarriage patients than in patients 
experiencing a sporadic miscarriage [24]. Furthermore, in 
cases that had more than one abortus karyotyped, recurrent 
aneuploidy was present in only a small proportion of patients. 
One group of investigators has shown that the likelihood of 
abortus chromosomal abnormalities decreases as the number 
of miscarriages increases [25].

Even if recurrent embryonic aneuploidy does not contrib-
ute to recurrent miscarriage, some experts favor karyotyping 
subsequent miscarriages when possible. Two studies indicate 
an improved prognosis among recurrent miscarriage patients 
with an aneuploid miscarriage [25, 26].

17.3.1.1  Clinical Recommendations

A modest proportion of recurrent miscarriages are chromo-
somally aneuploid, and couples with aneuploid recurrent 
miscarriages appear to have an improved prognosis for 
successful pregnancy compared to those with euploid 
recurrent miscarriages. Thus, performing karyotype analysis 
of a subsequent miscarriage in couples with recurrent 
miscarriages is of prognostic significance.

17.3.2  Parental Karyotype Abnormalities

In approximately 2–4% of couples with recurrent miscarriage, 
one of the reproductive partners carries a balanced structural 
chromosomal rearrangement, usually a balanced translocation 
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[27, 28]. Among these couples, the frequency of balanced 
translocations is twofold higher in the female partner than in the 
male. In such couples, it is generally held that meiotic segre-
gation results in chromosomal duplications or deficiencies in a 
meaningful proportion of the gametes. In turn, chromosomal 
abnormalities occur in a meaningful proportion of the resulting 
conceptions so that spontaneous abortion is more likely and 
leads to recurrent miscarriage.

About 60% of balanced translocations are reciprocal 
(involving non-homologous translocations), while 40% are 
Robertsonian (involving the acrocentric chromosomes 13, 
14, 15, 21, and 22). The risk of aneuploidy in the conceptus 
is dependent on which parent carries the translocation, as 
well as the chromosomes involved. In general, the risk of 
subsequent miscarriage is higher if the translocation is maternal 
in origin. Though rare, translocations involving homologous 
chromosomes, e.g., a 14–14 translocation, preclude the 
possibility of a normal live born infant.

Chromosomal inversions have also been linked to recurrent 
miscarriage, though they are less frequently found than trans-
locations. The risk of abnormal offspring depends on the size 
and location of the inversion and the sex of the contributing 
partner. Inversions of small portions of the total chromosomal 
length lead to large duplications and deficiencies and are 
generally lethal. Paradoxically, larger inversions are more 
likely to be compatible with survival. The risk of abnormal 
offspring, and presumably recurrent miscarriage, is slightly 
higher if the heterozygous carrier of a pericentric inversion is 
female. Paracentric recombinants are universally lethal.

Parental chromosomal abnormalities do not usually 
preclude further attempts at pregnancy, because most couples 
eventually have normal offspring. For balanced translocations, 
the role of in-vitro fertilization with preimplantation genetic 
diagnosis remains controversial because of the relatively 
high rate of successful pregnancy with spontaneous conception 
[29]. For the rare homologous Robertsonian translocation 
that prevents genetically-normal conception, therapeutic 
possibilities include artificial donor insemination, in vitro 
fertilization with donor oocytes, and adoption.

17.3.2.1  Clinical Recommendations

Both American [30] and British [31] professional organiza-
tions recommend that the evaluation of couples with recurrent 
miscarriage include cytogenetic evaluation of both partners. In 
practice, this is often avoided initially, because it is a common 
practice among U.S. insurers to deny payment for this testing 
and because the yield is fairly low (found in only 2–4% of 
couples). Genetic counseling should be provided to those with 
parental chromosomal abnormalities in an effort to predict 
recurrence, and genetic amniocentesis or chorionic villus 
sampling should be offered in subsequent pregnancies.

17.3.3  Skewed X Inactivation

Females are mosaics for two cell populations, one with the 
maternal and one with the paternal X as the active chromosome. 
In female mammalian cells, one of the two X chromosomes is 
inactivated in early embryonic life, and inactivation is thought 
to be permanent for all descendants of a cell. Normally, there 
can be shown a roughly 50:50 distribution of cells with 
inactivated maternal X vs. paternal X chromosomes. Skewing 
of this normal ratio demonstrating a preferential inactivation 
of one X chromosome is termed as highly skewed X chromo-
some inactivation, or “skewed X inactivation” in short.

The finding of skewed X inactivation in a family with a 
high rate of miscarriage [32] led to the hypothesis that recur-
rent miscarriage might be due to this condition in some 
women [33]. One proposed mechanism by which this might 
occur is selective lethality of male conceptuses inheriting the 
deleterious X chromosome. Another proposal is that skew-
ing and the associated mutation(s) lead to a restriction in the 
oocyte precursor pool and a subsequent higher miscarriage 
rate because of chromosomal aneuploidy. Initial excitement 
about a potential new cause of recurrent miscarriage has 
cooled, however, with the publication of several negative 
studies [34–36]. The fact that skewed X inactivation is 
associated with advancing age is potentially intriguing.

17.3.3.1  Clinical Recommendations

Testing for skewed maternal X inactivation is not clinically 
useful in the management or counseling of couples with 
recurrent miscarriage.

17.4  Structural Uterine Abnormalities

Most experts believe that structural uterine abnormalities are 
associated with recurrent miscarriage. The best work related 
to this subject comes from Jurkovic and colleagues working 
at King’s College in London [37]. In a large, prospective case 
series, non-pregnant women with otherwise unexplained 
recurrent miscarriage were screened for uterine anomalies 
using two-dimensional ultrasonography. Those suspected of 
having a malformation were studied with three-dimensional 
ultrasound; anomalies were classified according to the 
American Fertility Society system. Controls were women 
referred for pelvic ultrasound for indications not related to 
reproductive outcomes. The investigators screened over 
500 women with recurrent miscarriage and over 2,000 
controls. Uterine anomalies were found in 121 (23.8%) of the 
recurrent miscarriage patients and 105 (5.3%) of the controls. 
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The most common anomalies in both groups were arcuate and 
subseptate uterus. The authors also found that when anom-
alies were present, the mean length of the uterine cavity was 
shorter and the mean degree of distortion of the cavity greater 
in the recurrent miscarriage group.

Woelfer and colleagues studied reproductive outcomes in 
over 1,000 women without infertility, recurrent miscarriage 
or fibroids deforming the uterine cavity who had been 
referred for pelvic ultrasound [38]. One-hundred-six women 
(10.7%) had uterine anomalies, including 72 arcuate, 29 
subseptate, and 5 bicornuate uteri. Compared to the women 
with normal uteri, women with uterine anomalies were more 
likely to have had first trimester miscarriages (12% of all 
pregnancies in normal uteri; 26% of all pregnancies with 
arcuate or subseptate uteri). Other anomalies, particularly 
unicornuate uterus and hypoplastic uterus, are linked to 
miscarriage, though they are infrequently found anomalies.

There are several points of debate regarding the role of 
uterine anomalies in recurrent miscarriage. First, the frequency 
of these anomalies in the general population is somewhat 
uncertain, being reported from approximately 1.5–10.5% in 
relatively recent works. Thus, some studies report a frequency 
of anomalies in normal women that is commonly quoted as 
that in women with recurrent miscarriage (~10%). Second, 
the definition of the more subtle uterine anomalies, such as 
arcuate uterus, varies from study-to-study and may not be as 
well diagnosed with some techniques.

A third important point of debate is the mechanism of 
pregnancy loss in women with uterine anomalies. Diminished 
blood supply in malformed tissues (such as uterine septa) 
interfering with normal implantation and placentation has 
been cited as the cause of miscarriage in women with uterine 
anomalies. This contention has been very difficult to prove, 
however. Recent experimental evidence points to the endo-
metrium in uterine malformations as the possible culprit by 
way of an association between structural malformations 
and altered uterine stroma and endometrium. For example, 
homeobox genes are critical in the proper structural development 
of the uterus, with murine mutants and human mutations 
associated with a variety of structural abnormalities [39]. 
Homeobox mutations also are associated with reduced 
uterine stromal tissue and decreased epidermal growth factor 
receptor expression [40]. Perhaps supporting a possible rela-
tionship between uterine anomalies and uterine tissue abnor-
malities, a hysteroscopic study of eight women with septate 
uterus found that the preovulatory endometrium from the 
septum showed alterations consistent with a decrease in the 
sensitivity of endometrium to preovulatory hormonal changes 
[41]. The implications for miscarriage are obvious, and more 
work in this area should prove rewarding.

A fourth area of debate is whether or not metroplasty is 
truly effective in women with recurrent miscarriage and uterine 
septum. The main point is that no well-designed studies are 

available. Retrospective analyses and case series, however, 
are nearly unanimous in claiming improved pregnancy out-
comes after resection of the uterine septum [42, 43].

Uterine fibroids seem likely to impact assisted reproduction 
[44, 45]. The relationship between fibroids and recurrent 
miscarriage is less clearly established. A recent expert review 
concluded that fibroids, particularly multiple fibroids and 
intramural fibroids, were associated with an increased pro-
portion of pregnancies ending in clinical miscarriage [46], 
though with an odds ratio of less than 2.0. Little can be said, 
however, regarding the possible benefits of myomectomy or 
ablation with regard to miscarriage. Given that the risks of 
extensive uterine surgery in subsequent pregnancy are not 
insubstantial, it is difficult to recommend excision of multiple 
fibroids as a treatment.

17.4.1  Clinical Recommendations

Women with recurrent miscarriage should undergo uterine 
cavity evaluation for evidence of uterine malformation or 
other abnormalities. Most experts would recommend hyst-
eroscopic resection of a uterine septum if one is found. In the 
absence of better evidence, myomectomy or hysteroscopic 
resection of leiomyomas should be reserved for large fibroids 
that distort the uterine cavity.

17.5  Endocrinologic Factors

17.5.1  Luteal Phase Insufficiency

Luteal phase insufficiency (LPI) is a controversial condition 
of inadequate luteal phase preparation of the endometrium, 
with the most commonly hypothesized defect being in 
progesterone (P) preparation of the uterine lining. Though 
biologically plausible, the evidence linking LPI to recurrent 
miscarriage is far from certain. One major problem is the 
lack of a credible diagnostic method. Originally, LPI was 
diagnosed in the presence of so-called “out-of-phase” endo-
metrial biopsies, which lagged two or more days behind the 
actual postovulation date, estimated by counting backward 
from the next menstrual period. However, the diagnostic 
accuracy of endometrial tissue phasing has been questioned 
because of considerable interobserver and intraobserver 
variation in pathological interpretation [47]. Also, as many 
as 50% of women without miscarriage can exhibit the same 
out-of-phase endometrial biopsies.

P levels have also been proposed as diagnostic criteria for 
LPI. Clearly, a single determination of P in the luteal phase 
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of a non-pregnant cycle has little or no predictive value for 
subsequent pregnancy outcome in recurrent miscarriage 
patients [48]. Multiple determinations of P in the luteal phase 
also have been suggested as a requirement for the diagnosis 
of LPI. However, even several determinations in the same 
patient have inadequate predictive value for an out-of-phase 
endometrium. In a well-designed study of allegedly healthy, 
ovulatory women, some of whom were treated with P in the 
luteal phase, investigators found that histologic dating of the 
endometrium did not reflect circulating P concentrations and 
can not be used to assess the quality of the luteal function as 
indicated by immunohistochemistry for endometrial integrins, 
and real-time quantitative RT-PCR for putative functional 
makers [49].

In spite of these critical uncertainties, endometrial biopsy 
or luteal-phase serum P levels are widely used to make the 
diagnosis of LPI. In turn, many clinicians treat women 
with supposed LPI and recurrent miscarriage with P in a 
subsequent pregnancy attempt. One commonly advocated 
treatment is a 25–50 mg of P in suppository or gel, administered 
vaginally twice daily (morning and night), with treatment 
beginning after ovulation and continuing until either 
menses begin or through the first 8–12 weeks of pregnancy. 
Comparable doses of oral micronized P also have been used. 
Early studies of P supplementation reported improved 
pregnancy outcomes in treated women. However, the reli-
ability of these findings has been questioned because no 
appropriate control groups were treated for comparison. 
A meta-analysis of P for women with recurrent miscarriage 
found no benefit in the prevention of miscarriage [50]. 
Results of a proposed European, placebo-controlled trial of 
dydrogesterone in the treatment of recurrent miscarriage 
may be clarifying [51].

Clomiphene and other ovulatory agents, as well as human 
chorionic gonadotropin (hCG), have also been tried in an 
attempt to improve follicular development and stimulate 
corpus luteum function in women with LPI with varying 
results. One placebo-controlled, multicentered trial with 
hCG found no significant improvement difference in the 
successful pregnancy [52].

17.5.1.1  Clinical Recommendations

An evaluation for LPI is entrenched in the field of recurrent 
miscarriage, and many patients will wish to have it done or 
insist on it. Treatment of early pregnancy with progesterone 
has not been shown to improve pregnancy outcome in women 
with recurrent miscarriage, though the treatment is widely 
prescribed and thought to be of minimal-to-no risk to 
the embryo-fetus or mother. Based on the only available trial 
in otherwise normal women with recurrent miscarriage, 
treatment with hCG is not effective.

17.5.2  Polycystic Ovarian Syndrome

A possible link between polycystic ovarian syndrome 
(PCOS) and recurrent miscarriage has been hypothesized. 
One group of investigators found ultrasonographic evidence 
of PCOS in 40% of recurrent miscarriage patients vs. 22% of 
controls [1]. It has been postulated that pregnancy loss in 
women with PCOS may be related to elevated serum luteinizing 
hormone (LH) levels, increased testosterone and androstene-
dione concentrations, and/or insulin resistance. However, 
sonographic evidence of PCOS in women with recurrent 
miscarriage does not predict subsequent miscarriage when 
compared to women with recurrent miscarriage without 
PCOS [1]. Also, suppression of LH in women with recurrent 
miscarriage and LH hypersecretion does not improve pregnancy 
success [53].

Some investigators have found that insulin resistance is 
more common in women with recurrent miscarriage com-
pared to fertile controls regardless of whether or not they 
have PCOS [54]. Treatment of insulin resistance with met-
formin has been reported to reduce miscarriage in small 
studies [55]. However, well-designed trials of reasonable 
size are lacking. The use of metformin in pregnancy is likely 
safe [56], and its use in early pregnancy for women with glu-
cose intolerance would seem reasonable.

17.5.2.1  Clinical Recommendations

Though there may be an association between recurrent 
miscarriage and PCOS, the diagnosis of PCOS does not alter 
usual care for recurrent miscarriage. Metformin may be used 
in pregnancy for glucose intolerance, but it is unknown as to 
whether or not it lessens the risk of miscarriage.

17.5.3  Glucose Intolerance and Thyroid 
Disease

Poorly controlled diabetes in early pregnancy has been 
associated with miscarriage, but well-controlled disease is 
not [57]. The same is true for thyroid disease [58]. Some 
experts, though, consider thyroid evaluation part of reasonable 
and comprehensive preconception care [59].

17.5.3.1  Clinical Recommendations

An otherwise healthy, non-obese woman with recurrent mis-
carriage does not need an evaluation for diabetes or thyroid 
disease as a part of her work-up. Thyroid evaluation is a 
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reasonable part of preconception care, but subclinical 
thyroid disorders are not a cause of recurrent miscarriage.

17.6  Antiphospholipid Syndrome and Other 
Autoimmune Disorders

Antiphospholipid syndrome (APS) has been recognized as a 
cause of pregnancy loss in approximately 5–15% of women 
with recurrent miscarriage. A single prior and otherwise 
unexplained fetal death is also a clinical criterion for APS 
[60]. The diagnosis is based on the presence of either the 
lupus anticoagulant (LA), moderate to high levels of anticar-
diolipin (aCL) antibodies, or moderate-to-high levels of 
anti-b

2
-glycoprotein I (anti-b

2
-GPI) antibodies, or any combi-

nation of these. Low levels of antiphospholipid antibodies are 
of questionable significance and should not but used to make 
the diagnosis of APS. It is important to note that the diagnosis 
of definite APS requires positive laboratory tests (for the same 
antibody) on two occasions at least 12 weeks apart [60].

APS has emerged as a potentially treatable cause of recur-
rent miscarriage, with two studies indicating a benefit to the 
use of heparin in achieving successful pregnancy [61, 62]. In 
contrast, at least one other group of investigators found no 
benefit to low molecular weight heparin in women with 
recurrent miscarriage and APS [63].

The cause of fetal death appears to be a decidual vascul-
opathy that results in decidual infarction and insufficient 
blood flow to the placenta [64]. Intervillous thrombosis has 
also been described; however, these lesions are nonspecific, 
and the degree of pathology is not always sufficient to explain 
the fetal death. The mechanisms by which antiphospho-
lipid antibodies may cause decidual vasculopathy and fetal 
death are unknown. A number of pathophysiologic mecha-
nisms have been proposed, including an imbalance of local 
prostacyclin and thromboxane production, enhanced platelet 
aggregation, decreased activation of protein C, increased 
tissue factor, and decreased trophoblast annexin V produc-
tion or availability.

Most recently, the complement system has been invoked 
as having a major role in APS-related pregnancy loss [65, 
66]. Jane Salmon and her group at Cornell have used a murine 
model of APS to illustrate two critical points. First, an intact 
complement system is required for antiphospholipid 
antibody mediated pregnancy loss in the murine model. 
Experimental abrogation of the complement system, either 
by blocking C3 and C4 activation, C5 activation, or C5a-
C5R interactions, salvages murine conceptuses exposed to 
maternally-administered antiphospholipid antibodies, even 
in the absence of anticoagulant treatment. Second, heparin, 
the widely-accepted treatment for APS to improve pregnancy 
outcome, likely works primarily by inhibiting complement 

activation rather than its anticoagulant effects. Indeed, anti-
coagulants that do not inhibit complement activation, such as 
fondaparinux and hirudin, do not block fetal loss in the 
murine model. Importantly, hypocomplementemia has been 
found in subjects with primary APS, wherein it is correlated 
with lupus anticoagulant activity [67].

Thus, the currently accepted mechanistic model for 
pregnancy complications in APS (Fig. 17.2) holds that 
antiphospholipid antibodies target epitopes at the maternal-
fetal interface, activate complement via the classical (and 
perhaps lectin) pathway, cause the generation of analphyla-
toxins (C3a and C5a) and the mediators of effector cell 
actions. The local recruitment of inflammatory cells, nicely 
demonstrated in the murine model, is not only damaging, but 
also amplifies the proinflammatory cascade of events. Among 
other things, there is also an increase in local tissue factor 
production, an important pro-coagulation factor.

Maternally administered heparin, either unfractionated 
heparin (UF) or low molecular weight heparin (LMWH), is 
considered the treatment of choice for APS pregnancies, 
both to improve embryo-fetal outcome and protect the mother 
from thrombotic events (Table 17.1). Treatment regimens are 
usually initiated in the early first trimester after ultrasono-
graphic demonstration of an intrauterine pregnancy. The optimal 
dosing regimen is debated. Some experts advocate thrombo-
prophylactic, unadjusted, low doses of UF (e.g., 5,000–7,500 
U bid.) or once daily LMWH (1 mg/kg) when treating women 
with APS and a history of recurrent miscarriage and other 
APS-related complications in the absence of prior thrombo-
sis. However, full dose anticoagulation regimens with UF 
or LMWH (1 mg/kg bid.) are generally recommended for 
pregnant APS patients with prior thrombosis. In most case 
series and trials, daily low-dose aspirin is also included in the 
treatment regimen.

Intravenous immune globulin (IVIG) has also been used 
during APS pregnancy, usually in conjunction with heparin 
and low-dose aspirin. Two trials have demonstrated that 
IVIG is not beneficial with regard to pregnancy outcome in 
women with APS [68, 69]. Given that IVIG is expensive, 
requires IV administration, and appears to lack efficacy, it is 
not recommended by most experts [70].

Anticoagulant coverage of the postpartum period in 
women with APS, regardless of prior thrombosis history, is 
prudent. Heparin regimens may be continued or patients can 
be transitioned to warfarin thromboprophylaxis after deliv-
ery. In most cases, an international normalized ratio of 2.5–3.0 
is desirable, and postpartum coverage should extend for 6–8 
weeks after delivery. Both heparin and warfarin are safe for 
nursing mothers. The need for postpartum anticoagulation in 
women with primary APS diagnosed solely on the basis of 
recurrent preembryonic and embryonic losses is unclear.

Autoantibodies to thyroid antigens are associated with a 
modest increased rate of pregnancy loss [71] and have been 
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detected in a statistically significant proportion of women 
with recurrent miscarriage in some studies, but not all [72]. 
In one large, prospective study, pregnancy outcomes of 
untreated, euthyroid women with antithyroid antibodies and 

a history or recurrent miscarriage did not differ from those 
of women with recurrent miscarriage and no antithyroid 
antibodies [73]. Whether or not treatment improves 
pregnancy outcome in the euthyroid woman with antithryoid 
antibodies and recurrent miscarriage is uncertain because of 
methodological flaws in existing treatment studies [74].

A modest proportion of otherwise healthy women with 
recurrent miscarriage test positive for antinuclear antibodies 
(ANA) [75, 76]. However, subsequent pregnancy outcomes 
among women with a positive ANA test result are no different 
than those among women with a negative ANA test result. 
Moreover, a randomized treatment trial of women with recur-
rent miscarriage and a positive ANA found no benefit to 
treatment with prednisone and low-dose aspirin compared 
to treatment with placebo [76].

17.6.1  Clinical Recommendations

Women with otherwise unexplained recurrent pre-embryonic 
or embryonic miscarriage or one or more otherwise 
unexplained fetal deaths are diagnosed with APS if they have 
repeatedly positive antiphospholipid antibody results (at least 
12 weeks apart). Such patients should be treated in subsequent 
pregnancies with an accepted heparin regimen (Table 17.1). 

Fig. 17.2 Proposed mechanism for the pathogenic effects of antiphos-
pholipid antibodies on tissue injury. Antiphospholipid antibodies 
bind to trophoblast or other cell membranes in conjunction with b2-
glycoprotein I. Cell activation results in the expression of tissue factor, 
promoting local thombosis, and cell adhesion molecules, promoting 
proinflammatory interactions with the local environment. The binding 
of the antiphospholipid antibodies also initiates the complement 
cascade; C3 and subsequently, C5 are activated. C3b complexes cleave 

C5 into C5a and C5b. C5b complexes with C6, C7, C8, and C9 to form 
the membrane attack complex (MAC), which initiates cell lysis. C5a 
attracts and activates neutrophils, monocytes, and platelets via specific 
C5a receptors, and stimulates the release of inflammatory mediators, 
including reactive oxidants, proteolytic enzymes, chemokines, cytokines, 
and complement factors. This results in further influx of inflammatory 
cells and ultimately fetal injury. Depending on the extent of damage, 
either death in utero or fetal growth restriction ensues

Table 17.1 Subcutaneous heparin regimens used in the treatment of 
antiphospholipid syndrome during pregnancy

Prophylactic regimens
Recommended in women with no history of thrombotic events – diagnosis 

because of recurrent preembryonic and embryonic loss or prior 
fetal death or early delivery because of severe preeclampsia or 
severe placental insufficiency

Standard heparin
(1) 7,500–10,000 U every 12 h in the first trimester, 10,000 U every 

12 h in the second and third trimesters
Low molecular weight heparin
(1) Enoxaparin 40 mg once daily or dalteparin 5,000 U once daily or 

enoxaparin 30 mg every 12 h or dalteparin 5,000 U every 12 h
Anticoagulation regimens
Recommended in women with a history of thrombotic event
Standard heparin
(1) Every 8–12 h adjusted to maintain the midinterval heparin levelsa 

in the therapeutic range
Low molecular weight heparin
(1) Weight adjusted (e.g., enoxaparin 1 mg/kg every 12 h or dalteparin 

200 U/kg every 12 h)
aHeparin levels = anti-factor Xa levels. Women without a lupus antico-
agulant in whom the activated partial thromboplastin time is normal can 
be observed using the activated partial thromboplastin time
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Positive thyroid autoantibody and ANA results may occur 
with higher frequency in women with recurrent miscarriage, 
but treatment is not indicated, because subsequent pregnancy 
outcomes in such women do not differ from those with 
otherwise idiopathic recurrent miscarriage and no evidenced-
based treatments have been identified.

17.7  Genetic Thrombophilias and Recurrent 
Miscarriage

Genetic thrombophilias have been the focus of considerable 
recent study with regard to a possible association with recur-
rent miscarriage. Thrombophilias, including factor V Leiden 
and prothrombin G20210A mutations and deficiencies in 
protein C, protein S, and antithrombin III, have been reported 
significantly more often in women with pregnancy complica-
tions compared to women with normal pregnancies [77]. The 
factor V Leiden (FVL) and prothrombin G20210A mutations 
are the most common recognized inherited thrombophilias, 
present in approximately 7% and 3%, respectively, of the 
general Caucasian population in the United States. Some 
[78–80], but not all [81, 82], analyses have found an associa-
tion between inherited thrombophilic disorders and recurrent 
early miscarriage, and the matter largely remains unsettled. 
A meta-analysis found a very weak, though statistically 
significant, odds ratios of approximately 2.0 favoring an 
association between recurrent miscarriage and factor V Leiden 
and prothrombin G20210A mutations [83]. The authors of 
this analysis make the cogent point that for a single gene 
disorder such as hemochromatosis odds ratios typically 
exceed 1,000! Moreover, a recent observational trial of women 
with inherited thrombophilias found that the presence of a 
thrombophilia was actually protective against early miscarriage 
in a subsequent pregnancy, likely secondary to prior adverse 
obstetric events and increased surveillance [84].

Though the relationship between FVL and recurrent early 
miscarriage is debated, some investigators have linked 
activated protein C resistance (APCR) to recurrent miscar-
riage [85, 86]. To be sure, FVL is the most common cause of 
APCR. However, one group has found other single nucle-
otide polymorphisms in the B domain of the factor V gene in 
a statistically significant proportion of women with non-FVL 
APCR and recurrent miscarriage. The investigators have 
hypothesized that two of these polymorphisms might be 
important modulators of a dysfunctional protein C anticoag-
ulant pathway at the placental surface [87].

In contrast to recurrent early miscarriage, many authorities 
find the association of genetic thrombophilias with fetal loss 
is somewhat more compelling [88–90]; although, some contro-
versy still exists. A recent metaanalysis found the association 
between late fetal death and the various genetic thrombophilias 

to be in the range of odds ratios of 1.5–3.5 or to have very 
large confidence intervals [83]. A multicenter, population-
based study of fetal death after 20 weeks gestation is very 
likely to bring clarity to this area [91].

Informed interpretation of thombophilias testing is critical 
to safe patient care. Taken together, the Leiden mutation of 
factor V, the prothrombin G20210A mutation, and deficiencies 
in protein C, protein S, and antithrombin III will be found in 
5–10% of many U.S. populations, depending upon racial 
background. If, however, one extends “thrombophilia” testing 
to include a number of other mutations, such as mutations in 
the methylenetetrahydrofolate reductase (MTHFR) gene, 
in excess of 20% of the population will be “positive” for a 
thrombophilia! A relationship between mutations in the 
MTHFR gene and thrombosis is only found in the setting of 
hyperhomocysteinemia, a rare occurrence in individuals 
with common MTHFR mutations. In addition, the common 
MTHFR mutations are not likely associated with recurrent 
miscarriage [82].

The high prevalence of inherited thrombophilias in 
women with obstetric complications has led to the use of 
prophylactic anticoagulation during pregnancy. One study 
of women with a single prior fetal death >10 weeks gestation 
and either FVL, prothrombin G20210A, or protein S defi-
ciency found a benefit to treatment with low molecular weight 
heparin in pregnancy [92]. For the more common problem of 
recurrent early miscarriage, no well-designed and imple-
mented treatment trials of anticoagulants exist.

17.7.1  Clinical Recommendations

Given the highly controversial nature of an association 
between recurrent early miscarriage and many genetic throm-
bophilias, and the complete lack of treatment trials in this 
population, evaluations of women with recurrent early 
miscarriage for genetic thrombophilias cannot be recommended. 
Until randomized controlled trials have been performed, 
prophylactic anticoagulation should be reserved for selected 
women with thrombophilia (e.g., those with a prior throm-
botic event or with a strong family history of thrombosis) 
and recurrent early miscarriage after an informed discussion 
of the risks and limited data suggesting benefit.

17.8  Alloimmunity, Pregnancy,  
and Miscarriage

Few areas of medicine have generated as much controversy 
among experts as that of alleged alloimmune-mediated 
miscarriage, and a complete discussion of this area is beyond 
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the scope of this review. The initial key concepts of 
reproductive (allo)immunology were (1) the embryo-fetus is 
a semi-allograft in so much as it bears paternal immunogenetic 
traits inherently foreign to the mother, (2) the semi-allogeneic 
fetal tissues live in intimate contact with maternal tissues, 
and (3) the inclination toward an adverse immunologic 
interaction between the conceptus and the mother must be 
abrogated, or at least very highly regulated, to allow for suc-
cessful pregnancy. The field has undergone several major 
revisions and changes in focus over the last half century. 
Suffice it to say that normal reproductive immunology is 
now considered that of a unique immunologic interplay, with 
a partially unique cast of characters, at the maternal-fetal 
interface and an appropriate balance in immunoregulatory 
factors so as to favor, and even promote, implantation and 
embryo-fetal survival.

The field of reproductive alloimmunology and its possible 
relationship to recurrent miscarriage continues to draw 
interest. Some investigators propound a possible association 
between HLA class II alleles and unexplained recurrent 
miscarriage. One group has found that the frequencies of 
the HLA-DRB1*01 and -DRB1*03 allogenotypes are 
significantly increased among patients with at least four 
miscarriages [93]. In a prospective study of recurrent miscar-
riage patients, those with these allogenotypes had a higher 
miscarriage rate in their next pregnancy compared with other 
patients [94]. In addition, female relatives of recurrent 
miscarriage patients had a significantly higher risk of mis-
carriage if they had a HLA-DRB1*01 or -DRB1*03 allog-
enotype compared with corresponding women without these 
types [95]. This group has emphasized the possible role of 
epistatic interaction of HLA polymorphisms located in the 
same region, including HLA-DRB and HLA-G genes [96].

A particularly interesting set of investigations has been 
done by Ober and colleagues in a unique population of 
Hutterites in South Dakota. This population has only a small 
number of independent genomes represented and is one of 
the most genetically hemogenous populations of European 
origin. In studying over 1,000 Hutterites and performing 
high-resolution HLA haplotyping at 16 loci, these investiga-
tors found increased fetal loss rates among couples matching 
for the entire 16-locus haplotype and for those matching at 
the HLA-B locus or the flanking loci HLA-C and C4 [97]. 
Studies of the live born children of these couples indicate 
that conceptuses whose paternally inherited allele matched the 
mother’s non-inherited allele were more likely to be miscarried. 
Thus, conceptuses that are HLA-genetically identical to the 
mother may be at a disadvantage in early pregnancy. Two 
critical points deserve emphasis. First, none of the Hutterite 
couples studied had three or more consecutive miscarriages 
– recurrent miscarriage is infrequent in this inbred popula-
tion. Second, all of the Hutterite couples with three or more 
non-consecutive miscarriages also had children.

Given its likely importance in reproduction, some 
investigators have focused on HLA-G, a non-classical HLA 
gene expressed in extravillous cytotrophoblast. One study 
evaluated seven HLA-G polymorphisms defining 12 alleles 
in over 100 women with recurrent miscarriage being 
followed through a subsequent pregnancy [98]. The investi-
gators found that the presence of the HLA-G *0104 or 
HLA-G*0105 alleles in either partner were associated with 
an increased risk of miscarriage in the study pregnancy. The 
alleles are due to polymorphisms in the a-2 domain of the 
HLA-G1 gene. The association between the HLA-G*0105 
allele and miscarriage is confirmed in a study of German 
population [99]. The same group of investigators used 
clinical data and laboratory samples from a longitudinal study 
of the Hutterites to show that the presence of the −725C/G 
allele in both partners was associated with an increased risk 
of miscarriage in couples without recurrent miscarriage 
[100]. This allele is hypothesized to alter the binding of the 
transcription factor IRF-1 and the polymorphisms responsible 
for these alleles might downregulate HLA-G expression. 
However, in an immunohistochemistry study of products of 
conception taken from women with idiopathic recurrent 
miscarriage suffering another miscarriage failed to detect 
quantitative differences in HLA-G immunostaining when 
compared to women suffering trisomy 16 miscarriages or 
undergoing elective termination of pregnancy [101].

A Danish group first found that HLA-G alleles without a 
recognized 14 bp sequence (14 bp deletion) in exon 8 were 
prominent in the male partners of women with RM and that 
these women were more likely to have this same sequence 
present, especially as homozygotes [102]. Another group, 
studying Indian women with RM, found no difference in the 
frequency of this alleleic deletion/insertion [103], while a 
study of Chinese women with recurrent miscarriage found 
that women with recurrent miscarriage were more likely to 
be −14 bp/+14 bp heterozygotes [104].

Another area of interest is natural killer (NK) cells, 
lymphocytes of the innate immune system, which may be 
found in the peripheral blood and the endometrium-decidua. 
The populations of cells in these two environments are some-
what different, however, with the former characterized as 
CD56dim/CD16+ and the latter mostly CD56bright/CD16−. They 
are of interest in particular because the uterine NK cells are 
the predominant leukocyte population in the luteal phase 
endometrium and are particularly rich in the decidua basalis 
underlying the placenta. They remain present in high num-
bers during early pregnancy and decline after the mid-second 
trimester. The relationship between uterine NK cells and the 
population of NK cells in the peripheral circulation remains 
unclear.

Though their exact role in pregnancy has yet to be defined, 
investigators have found that the percentage, activity, or both 
of peripheral blood NK cells is higher among women with 
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recurrent miscarriages or who suffer subsequent miscarriage 
[105–108]. However, the significance of this finding remains 
unclear for several reasons. First, there are potential varia-
tions and methodological flaws in the assays used, possible 
variations in how the samples were taken, processed or 
stored, and inadequate accounting for known confounding 
variables, including time of day and patient status with regard 
to activity level or recent illness. As far as the percentage of 
peripheral cells that should be NK cells, the threshold 
suggested as a meaningful cutoff by some (>12%) [106] is 
seemingly arbitrary and falls well within the range of normal.

A more important and truly fundamental issue is that there 
is no genuinely proven treatment for women with recurrent 
miscarriage and an “abnormal” peripheral NK cell percentage 
or activity level. As much as anything else, this fact renders 
the determination of peripheral NK cell percentages or activity 
meaningless. Intravenous immune globulin (IVIG), which 
has been proposed as a treatment in women with recurrent 
miscarriage and “abnormal” peripheral NK cells parameters, 
is not recommended outside of a research protocol by either 
the American College of Obstetricians and Gynecologists or 
the American Society of Reproductive Medicine.

Investigations into the role of uterine NK cells in normal 
and abnormal pregnancy may be more promising. These 
cells are fundamentally different than peripheral blood NK 
cells in that they demonstrate weak lytic activity against tra-
ditional experimental target cells and express a different 
cytokine profile [109]. Some [110–113], but not all [114, 
115], studies of luteal phase endometrium have found either 
a higher proportion of CD56+ or CD16+ cells in women with 
a history of recurrent pregnancy loss. Certainly a change in 
uterine NK cell phenotype could be important, and two studies 
found a greater proportion of the cells of the CD16+CD56dim 
phenotype in recurrent abortion patients. One group showed 
that oral prednisone taken in the first 21 days of the menstrual 
cycle reduced endometrial NK cells in women with recurrent 
miscarriage [116]. Such treatment has not, however, been 
shown to impact pregnancy outcome. In addition, a recent 
study that confirmed that the percentage of uterine NK cells 
(CD56+) was higher in women with idiopathic recurrent 
miscarriage also noted that the uterine NK cell numbers did 
not correlate with subsequent pregnancy outcome [113].

A pathologic role for alloimmunology in pregnancy failure 
remains confusing. The area is clearly extremely complex, 
and adequate human studies assessing the early pregnancy 
maternal-fetal interface are very difficult to perform. The 
area also has attracted a number of vehement “reproductive 
immunology” proponents who routinely advise immunologic 
treatments as if they were as well-accepted by mainstream 
medicine as immunosupression for transplantation. This 
practice has created something of a maelstrom of debate 
among miscarriage experts. In fact, properly-designed trials 
for most of the proposed therapies (e.g., intravenous immune 

globulin) are simply lacking. Existing systematic analyses 
also conclude that no immunomodulatory therapy is beneficial 
[117]. The one treatment for which adequate trials are available 
is leukocyte immunization. Taken together, these trials 
indicate either no benefit [117, 118]. Based largely on the 
findings of the largest and only multicenter trial [118], 
the U.S. Food and Drug Administration has stated that 
the administration of leukocyte immunotherapy may only 
be done as part of a clinical investigation, and then only if 
there is an investigational new drug application in effect.

17.8.1  Clinical Recommendations

However intriguing the immunology of HLA molecules and 
NK cells might be with regard to human reproduction, the 
field is currently confined to research because (1) existing 
immunologic tests are either controversial or fail to provide 
substantive clinical decision making distinctions, or (2) there 
is no “immunotherapy” known to be beneficial in promoting 
improved pregnancy outcome. Thus, no (allo)immunologic 
tests or treatments can be recommended for women with 
recurrent miscarriage.

17.9  Idiopathic Recurrent Miscarriage

Depending upon one’s willingness to accept some “traditional” 
diagnoses, such as luteal phase insufficiency, at least 50% of 
couples with recurrent miscarriage, and perhaps more, have 
an idiopathic condition. As mentioned earlier, some experts 
have recently called for considering these cases as multifac-
torial in nature [11].

It should go without saying that if no definitive cause of 
recurrent miscarriage is found, no treatment can be recom-
mended. It is imperative for physicians to recognize that the 
prognosis for idiopathic recurrent early miscarriage is by no 
means dismal. Numerous studies and several meta-analyses 
indicate that the average next pregnancy live-birth rate for 
placebo-treated women with idiopathic recurrent miscarriage 
is 60–70%. Note that these studies involved women in the 
early to mid 30s and with typically three to four miscarriages. 
Not surprisingly, the figures are less favorable for older 
women and for women with more miscarriages, and some-
what better for younger women and women with fewer 
miscarriages, e.g., only two consecutive miscarriages.

Many couples see this modestly favorable prognosis in a 
positive light, and it compares favorably with the prognosis for 
conditions, such as APS or parental karyotype abnormalities. 
Understanding this prognosis may allow the couple to choose 
against an expensive, unproven “treatment.”
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Importantly, the prognosis for subsequent pregnancies in 
women with a history of recurrent late miscarriage (fetal 
death) is less salutary when compared to the prognosis for 
women with recurrent early miscarriage. In one retrospective 
case series, fewer that 25% of subsequent pregnancies in 
women with a mean of two prior fetal losses <20 weeks 
gestation resulted in live birth [119].

17.9.1  Clinical Recommendations

Most couples with recurrent miscarriage will be found to 
have idiopathic recurrent miscarriage. Those with idiopathic 
recurrent early miscarriage have a relatively favorable prog-
nosis that the practitioner should be prepared to discuss with 
the couple. Those couples with recurrent late miscarriage 
face a less favorable prognosis and should be so informed.

17.10  Recommendations for Practice  
in Recurrent Miscarriage

The scheme for a reasonable and cost-effective evaluation of 
women with RM shown in Table 17.2 is based on current 
guidelines published by the American College of Obstetricians 
and Gynecologists and the Royal College of Obstetricians and 
Gynaecologists. A sympathetic attitude by the physician is cru-
cial – establishment of trust and rapport and a sincere apprecia-
tion of the distress and grief experienced by these couples 
permit tactful and thorough discussions with patient and part-
ner. It is reasonable to institute an evaluation after two con-
secutive miscarriages in anxious women or if the patient has 

few reproductive years remaining or has had an infertility 
problem. Couples interested in an investigational protocol per-
haps are best served by referral to a legitimate research center.
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Abstract Phillip Bozzini is credited with the first description 
of endoscopy in 1805, as he attempted to view the urethral 
mucosa with a simple tube and candlelight. Pantaleoni 
used a cystoscope to identify uterine polyps in 1869, 
thus accomplishing the first hysteroscopy. Jacobaeus of 
Sweden performed the first laparoscopy in 1910, 
when he placed a Neitze cystoscope and used a candle to 
illuminate a hollow tube placed into the peritoneal cavity.  
Eventually, Semm of Germany reported advanced operative 
laparoscopic procedures, such as salpingectomy, myomectomy, 
oophorectomy, ovarian cystectomy, and salpingostomy, in 
the 1970s. These pioneers of endoscopic surgery and 
many others have forged the way for the rest of us who 
now routinely perform endoscopic surgery. This chapter is 
to review safe and effective techniques and principles of 
laparoscopic surgery.

Keywords Laparoscopy • Video • Insufflations • Digital 
camera • Light source, camera • Fiber optic • Trocars • 
Optical-access trocars • Uterine manipulators • 
Chromotubation • Suture • Laparoscopic knots • Laparoscopic 
suturing • Extracorporeal knots • Intracorporeal knots • 
Staplers • Vascular clips • Laser • Harmonic scalpel • 
Electrosurgery • Monopolar • Bipolar, fulguration • Current 
density • Capacitative coupling • Wattage • Voltage • Nerve 
injury • Neuropathy • Veres needle • Hasson method • Direct 
trocar entry • Palmer’s point • Ninth intercostal space • 
Inferior epigastric artery • External iliac artery • Morcellator 
• Adhesiolysis • Retroperitoneal space • Posterior cul de sac 
• Oophorectomy • Salpingo-oophorectomy • Myomectomy 
• Conscious sedation

18.1  Indications for Laparoscopy

18.1.1  Diagnostic Laparoscopy

Diagnostic laparoscopy can aid in the evaluation of patients 
with infertility and acute or chronic pelvic and abdominal 
pain including ovarian torsion, ovarian cyst rupture, ectopic 
pregnancy, appendicitis, pelvic inflammatory disease, pelvic 
adhesions, endometriosis, hernias, uterine fibroids, and adn-
exal masses.

18.1.2  Operative Laparoscopy

Diagnostic laparoscopy is now routinely performed in 
conjunction with operative laparoscopy such as adhesiolysis, 
treatment of endometriosis, tubal sterilation, ovarian cystectomy, 
oophorectomy, salpingectomy, salpingostomy, and hysterec-
tomy. More advanced procedures include repair of pelvic 
organ prolapse, tubal reanastamosis, myomectomy, radical 
hysterectomy, and lymphadenectomy.

18.2  Equipment

Contemporary laparoscopy equipment consists of an imaging 
system comprised of a telescope and video camera system, 
an insufflation or abdominal wall lift system, and specialized 
surgical instruments. Robotics is an area that continues to 
evolve.

18.2.1  Imaging Systems

Imaging systems are designed to recreate the intrapelvic/
abdominal contents onto a monitor. To make this happen, a tele-
scope, light source, fiber optic cord, a camera unit, and monitor 
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are used. High-definition digital cameras (1,920 × 1,080p) are 
now available that are compatible with the increased resolution 
capabilities of high-definition flat screen 26 in. wireless 
monitors. Newer minimally invasive suites have become 
much less cumbersome by having ceiling mounted adjustable 
monitors, rather than stackable monitors or rolling carts. 
Most new cameras allow the surgeon the ability to command 
the light source through programmable buttons on the cam-
era head itself. Imaging systems are also equipped with a 
printer, video recorder, or DVD recorder for documentation.

Laparoscopes range from 1.8 mm to 12 cm in diameter 
with a distal end (objective) available in varying viewing 
angles. The 0° deflection angle telescope is most commonly 
used for gynecologic laparoscopy, and it provides a straight-
forward view whereas a 30° foreoblique lens allows for 
visualization in a large frontal view. To stay oriented with a 
foreoblique lens, the angle must be continuously directed to 
maintain field orientation.

Light sources use powerful halogen, and now more 
commonly 300 W xenon bulbs to introduce light through a 
fiber optic cable to the laparoscope. It is important that the 
light source have sufficient power to deliver adequate light 
through the fiber optic cable. The fiber optic cable transmits 
enough heat to burn paper drapes as well as patient’s skin; 
therefore, caution should be taken to avoid inadvertent 
contact with drapes or the patient. Most cameras will allow 
the surgeon to place the light on stand-by mode, which will 
not get hot enough to cause a burn.

The camera unit consists of the camera head, cable, and 
camera control. The camera head attaches to the eyepiece of 
the laparoscope and captures images transmitted by the 
laparoscope. The basis of laparoscopic cameras is the solid-
state silicon computer chip or charge-coupled device (CCD). 
This is comprised of silicon elements, which emit an electric 
charge when exposed to light. Each silicon element contributes 
one pixel unit to the image produced. The image resolution 
is dependent upon the number of pixels on the chip. Camera–
laparoscopes complexes are now available as a combined 
unit, which are fully autoclavable. Three chip CCDs provide 
better image clarity but are more expensive as they have a 
separate chip for each primary color opposed to the single-
chip CCD.

18.2.2  Insufflation

Insufflation systems include a Veres needle, filtered tubing, 
an insufflator, and gas tanks. They are designed to fill the 
abdominopelvic cavity with gas, usually carbon dioxide, to 
optimize visualization. Gas is delivered at a low rates during 
initial Veres needle insertion, but it must also be able to be 
delivered at high flow rates when gas is lost to maintain a 
relatively constant intraabdominal pressure during surgery. 

Tubing with a 0.3 micron filter is recommended to prevent 
intraperitoneal contamination. The Veres needle is often used 
to create a pneumoperitoneum. However, insufflation may be 
performed with other methods of abdominal wall entry such 
as direct trocar insertion, open laparoscopy (Hasson Method), 
or with optical-access trocars.

The Veres needle is available in two lengths, 120 and 
150 mm, based on patient size. Reusable and disposable 
models are available, which contain a spring loaded tip that 
retracts as it pierces the abdominal wall, to avoid damaging 
bowel or other intraabdominal organs and allowing a blunt 
tip to engage on entry to the peritoneal cavity.

The most commonly used gas is carbon dioxide. It has the 
advantage of being the most rapidly absorbed by blood. 
However, it is converted to carbonic acid on moist peritoneal 
surface, which can cause pain. Consequently, some physicians 
prefer nitrous oxide or helium, especially during cases using 
local anesthesia or conscious sedation. Heated or hydrated 
gas may be used to prevent hypothermia during laparoscopy. 
There are alternatives to gas insufflation wherein systems 
comprising of a mechanical lifting arm that attaches to a fan-like 
retractor along the peritoneal surface of the abdominal wall. 
Some surgeons favor this approach in patients with cardio-
pulmonary risk factors.

18.2.3  Surgical Instrumentation

Laparoscopic surgical instruments are placed into the abdomen 
and pelvis through trocar sleeves. Trocar sleeves range from 
2 to 15 mm in diameter, and are available as reusable or 
disposable systems. Disposable systems offer the advantage 
of consistent sharpness, but are more expensive. Reusable 
trocars are cost efficient, but must be maintained. Most 
trocar sleeves contain a Luer-lock port that attaches to insuf-
flation tubing. Optical-access trocars (Optiview and Visiport) 
consist of a trocar/sleeve/laparoscope complex that enables 
the surgeon to visualize the layers of the abdominal wall 
during placement. Expandable trocar sheaths are available 
that are initially placed through the abdominal wall with a 
Veres needle and then expanded to accept a 5–12 mm port.

A variety of surgical instruments may be placed through 
secondary trocar sleeves including blunt probes, graspers 
(toothed and atraumatic), scissors, needle drivers, knot pushers, 
biopsy forceps, suction-irrigators, energy delivery tools, 
specimen retrieval bags, and tissue morcellators.

18.2.4  Uterine Manipulators

Uterine manipulators may be used to improve access to the 
uterus, fallopian tubes, ovaries, and the posterior and anterior 
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cul-de-sacs. Reusable and disposable models are available. 
Some manipulators are inserted in a fixed position are allow 
limited uterine mobility while others are hinged and allow 
the uterus to be moved anteriorly, posteriorly, or laterally. 
Many are constructed as a catheter to allow chromotubation 
during the laparoscopic procedure to confirm fallopian tube 
patency.

18.2.5  Laparoscopic Applications of Energy

As laparoscopy has moved from diagnosis to treatment, the 
application of energy systems has been critical to allow 
surgeon to perform complex procedures with the ability to 
divide tissue and maintain hemostasis. Energy adapted for 
laparoscopic use includes electrosurgical, laser, vibrational, 
and mechanical systems.

18.2.6  Mechanical Energy

Endomechanical energy can be used for tissue division and 
hemostasis in a number of ways including suturing, stapling, 
and the application of vascular clips.

18.2.6.1  Suture

The laparoscopic use of suture may range from the use of 
pretied loops, which function as a slip knot on a push rod 
that is tightened around a tissue pedicle for hemostasis, 
to laparoscopic suturing performed with stock suture, 
ideally 36–48 inches in length. Laparoscopic needle drivers 
are available with a standard tip or with self-righting tips. 
Laparoscopic knots may be tied outside the laparoscopic 
port (extracorporeal) or within the body (intracorporeal). 
Extracorporeal knots are performed as sliding square knots, 
pushed through the trocar sleeve to the tissue by multiple 
passes of a knot-pusher, which serves as the surgeon’s finger. 
Intracorporeal knots are tied within the abdomen by 
looping the suture material around the laparoscopic needle 
holders. An alternative to extracorporeal and intracorporeal 
knot tying is the use of the LapraTy (Ethicon). The LapraTy 
is used as an absorbable clip fastened taut against the tissue 
as it is clipped to the suture. The endostitch (US Surgical) 
is a device designed to obviate the use of laparoscopic 
needle drivers. With this device, the needle is preloaded 
and the suture is passed through tissue up to 2 cm thick by 
closing a handle and a toggle switch. The endostitch is a 
10 mm instrument with jaws measuring 4 mm wide and 
2 cm long.

18.2.6.2  Staplers

The endo-GIA is a stapling device for dividing tissue and 
laying down a staple line for hemostasis. The jaws of the 
instrument are closed over tissue for dividing. When the grip 
is fired, six staggered rows of staples 3 cm in length and 1 cm 
in width are placed. A knife blade simultaneously divides the 
tissue leaving three rows of staples on each side.

18.2.6.3  Vascular Clips

Endoscopic vascular titanium clips may be compressed over 
bleeding vessels or pedicles for hemostasis. These can be 
used near vital structures without the risk of lateral thermal 
damage.

18.2.6.4  Laser

Light amplification by spontaneous emission of radiation or 
laser was one of the early forms of laparoscopic energy. 
Surgical lasers available for gynecologic use include: 
CO

2
, argon, potassium-titanyl-phosphate (KTP), and 

neodymium:yttrium-aluminum-garnet (Nd-YAG). They have 
the ability to vaporize, cut, and to varying degrees, coagulate 
tissue. With advances in electrosurgical energy, laser is not 
used with the same frequency of decades ago. If laser is to be 
used, most surgeons are required to undergo periodic laser 
safety training for each wavelength used.

18.2.6.5  Harmonic Scalpel

The harmonic scalpel (Ethicon Endosurgery) uses vibra-
tional energy at the rate of 55,000 cycles per second to break 
hydrogen bonds in tissue resulting in cutting or coaptation of 
vessels. The harmonic scalpel is available as a 5 mm rounded 
“scalpel” with a blunt or hooked edge or as a 5–10 mm 
endoshear or harmonic ace, which can be used to grasp 
tissue.

18.2.6.6  Electrosurgery

Monopolar and bipolar electrosurgical instruments are 
frequently used in operative laparoscopy. Monopolar instru-
ments deliver current that flows from an active electrode, 
through tissue, having a therapeutic effect and traveling through 
the patient, exiting by way of return electrode plate (usually 
on the patients thigh) to the electrosurgical unit. Examples of 
such instruments are needlepoint electrodes, L-hooks, and 
most endoscopic scissors. Bipolar instruments work in a 
very different manner, delivering current that flows from an 
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active electrode, through tissue having a therapeutic effect, 
and then returning through a return electrode within the same 
instrument to the electrosurgical unit. Because current does 
not travel through the patient, a return electrode plate is not 
needed. The Kleppinger forceps often used in fallopian tube 
fulguration is an example of a bipolar instrument. Bipolar 
instruments have evolved significantly in recent years into 
devices that provide bipolar energy, which sense tissue 
impedance to perform controlled energy delivery. These 
devices, such as LigaSure (Covidien, Boulder CO), 
PlasmaKinetic (Gyrus ACMI, Maple Grove, MN), and 
EnSeal (SurgRx, Inc, Palo Alto, CA), use pressure and pulsed 
current to seal vessels with minimal lateral thermal spread. 
They use smart generator technology that integrates imped-
ance (tissue resistance) feedback from a surgical device 
delivery. These devices can seal vessels up to 7 mm in 
diameter.

18.2.7  Basic Electrosurgical Principles

To safely use common household electricity during surgery, 
it must be transformed from a frequency of 60 Hz to a 
radiofrequency range, between 500,000 and 4,000,000 Hz. 
This is necessary because nerve and muscle tissue can be 
stimulated at frequencies below 10,000 Hz. To accomplish 
this, a transformer is used. The basic waveform of radiofre-
quency current is called continuous, cutting, or undamped 
if it is not altered. Cutting waveform utilizes low voltage 
current. Cutting current causes cells to vaporize at their 
boiling point (100°C) without elevating tissue temperatures 
to high levels, thus minimizing lateral thermal spread. This 
waveform can be altered by interrupting or dampening it to 
varying degrees. These alterations are called to blend 1 
(80% on, 20% off), blend 2 (60% on, 40% off), blend 3 
(50% on, 50% off), and coagulation (6% on, 94% off). As a 
result of current interruption (coagulation), bursts of energy 
with higher voltage (5,000 V) and lower current, given a 
constant wattage (Watts = Voltage × Current), will occur, 
resulting in hemostasis through denaturation and charring 
(fulguration).

Fulguration (coagulation mode) is best used when there is 
surface oozing to achieve enough superficial lateral thermal 
spread to cause hemostasis. Cutting current is best used in 
the case of a bleeding vessel or pedicle that can be desiccated 
by applying pressure with a tissue grasper and allowing the 
fibrous bonding of the dehydrated endothelium cells without 
significant lateral thermal spread. When the coagulation 
waveform is used in this scenario, rather than achieving 
bonding inside the vessel, superficial lateral thermal spread 
is more likely and eschar formation may occur on the tissue 
surface resulting in subsequent bleeding.

Current density refers to the amount of current flow per 
cross-sectional area and has several direct applications to 
electrosurgical energy in laparoscopy. This principle is used 
to safely return current from the patient to the electrosurgical 
unit (ESU). Applying energy per meters squared to a small 
area of bleeding or to a bleeding tissue pedicle will result in 
a measured thermal effect, inversely related to the electrode 
size. A needlepoint electrode will have a high current density 
compared to a much larger spatula tip, resulting in greater 
energy applied to a small surface. The current density 
principle also applies to current as it exits the body. Because 
it exits through the relatively large surface area of the return 
electrode, it does not cause an exit site burn due to low 
current density. Exit site burns have typically occurred when 
part of the return electrode has peeled away from the patient, 
resulting in a smaller area of surface contact, thus creating 
high current density at the exit site.

18.2.8  Glossary of Electrosurgical Terms

Ampere (A) – the rate at which current flows
Voltage (V) – electric potential expressed in volts
Ohm (W) – tissue resistance to current
Watt (W) – the amount of work produced or work done at a 

rate of one joule per second
Current (I) – electron flow measured in coulombs per second 

or the steady current produced by one volt applied across 
the resistance of one ohm

Power (P) – work per unit time
Hertz (Hz) – a unit of frequency in cycles per second
Cautery – searing through the application of a heated 

element
Cutting Current – (continuous or undamped current) – 

continuous high-frequency, low-voltage flow of current 
from one peak of polarity to the opposite peak without 
pausing at the zero polarity

Coagulating Current – (interrupted or damped current) – bursts 
of rapidly increasing current interrupted at intervals such 
that peak polarity alternated with zero polarity

Fulguration – coagulation of surface bleeding through 
spraying long electrical sparks

Vaporization – exploding cells at their boiling point (100°C) 
as a result of applied energy

Desiccation – coagulation of targeted vessels through the 
process of dehydration

Radiofrequency – a term given to the current frequency of 
electrosurgery because it is found within the AM radio 
frequency range (500,000–4,00,000 Hz)

Unipolar system (also monopolar) – current that flows from 
an active electrode, through tissue having a cutting or 
coagulating effect, and traveling through the patient, exiting 
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by way of return electrode plate, usually on the patient’s 
thigh, to the electrosurgical unit

Bipolar System – current that flows from an active elec-
trode, through tissue having a cutting or coagulating effect, 
and returning through a return electrode within the same 
instrument directly back to the electrosurgical unit, with-
out the need for a return electrode plate on the patient

Capacitive Coupling – transference of electrical energy from 
an insulated active electrode to nearby conductive 
material

Current Density – the amount of current flow per cross-sec-
tional area normal to the direction of current flow described 
in amps per meters squared

Formulae
Energy = Wattage × Time
Watts = Voltage × Current

18.3  Patient Positioning

The proper positioning of the patient is an important aspect 
of successful for two reasons: access and safety. To optimize 
access, the patient should be placed on the operating table in 
the low lithotomy position with the buttocks at or slightly 
over the table’s edge to allow placement and use of an 
intrauterine manipulator and to have access to the perineum 
during surgery. The patient’s thighs should be in the same 
plane as the abdomen to allow freedom of motion for laparo-
scopic instrumentation, particularly if any work is needed to 
be performed in the upper abdomen. Stirrups should have 
adequate padding to support the lower leg without creating 
pressure points.

Most nerve injuries occurring during laparoscopic surgery 
due to stretching or compression resolve within six weeks. 
Femoral neuropathy occurring during laparoscopy can be 
associated with excessive hip flexion, abduction, or long 
operating times [1]. When lithotomy positioning is used in 
patients undergoing vaginal or laparoscopic surgery, the 
thigh should be flexed no greater than 90° and abducted no 
greater than 45°. If a patient’s position is changed intraopera-
tively from low lithotomy to high lithotomy, these relationships 
should be maintained.

Sciatic neuropathy during laparoscopic surgery can be 
caused by nerve stretching. Injury to the sciatic nerve has 
been reported in procedures lasting as short as 35 min in 
free-hanging (candy cane) stirrups [2]. Patients at increased 
risk of sustaining sciatic nerve injury are long-legged, obese, 
or short in stature. In hanging-type stirrups, long-legged or 
obese patients have a tendency for external hip rotation and 
shorter patients have less flexion at the knee. In such patients, 
Allen-type stirrups that support the ankle and calf may be 
more appropriate.

18.4  Entering the Abdominal Cavity

Laparoscopic abdominal entry has inherent risk. In most 
cases, it is performed safely and routinely. The most common 
site of initial entry is the umbilicus. Initial entry may be 
performed with a Veres needle, wherein a pneumoperito-
neum is created for subsequent trocar placement, by direct 
trocar placement, or by using the Hasson method (open trocar 
method) where the layers of the abdominal wall and ulti-
mately the parietal peritoneum are entered with scissors 
under direct visualization. Optical-access trocars are also 
available that may allow the surgeon to visualize the layers 
of the abdominal wall laparoscopically as the trocar/laparo-
scope complex is being inserted. Optical-access trocars can 
be used after insufflation with a Veres needle or may be 
placed directly without pneumoperitoneum. Alternative sites 
to umbilical entry include the left upper quadrant (Palmer’s 
point and 9th intercostal space), the posterior vaginal fornix, 
and the transuterine approach, all of which may be used 
primarily or may be used selectively in difficult cases.

18.4.1  Umbilical Site Veres Needle Technique

To perform the Veres needle umbilical technique, a scalpel is 
initially used to make a small umbilical skin incision depend-
ing on the size of trocar to be used. The umbilicus should be 
elevated to avoid incidentally lacerating the great vessels, 
which lie in close proximity to the umbilicus, particularly in 
thin patients. Naso-gastric suctioning will decrease the risk 
of inserting the Veres needle or trocar into an over-distended 
stomach. The patient’s abdomen should be relaxed phamaco-
logically by neural blockade if general anesthesia is being 
used. This allows adequate elevation of the abdominal wall 
for Veres needle and trocar insertion. The patient should be 
lying in a flat or neutral position on the operating table. 
Trendelenburg positioning is not recommended as it may 
cause the angle of the Veres needle or trocar to be closer to 
the great vessels rather than the pelvic cavity. In the thin 
patient, the Veres needle or trocar should be directed toward 
the hollow of the sacrum to avoid the great vessels, whereas 
in the obese patient, the aorta is typically above the level of 
the umbilicus and therefore, the Veres needle or trocar may 
be inserted vertically (90° to the long axis of the patient). 
The use of towel clamps deep in the umbilicus, or Kocher 
clamps on the rectus fascia may aid in properly placing 
the Veres needle. Separate clicks can be heard or felt as the 
needle traverses the rectus fascia and then peritoneum.

Correct Veres needle placement within the abdominal 
cavity can be assessed by several methods. The hanging drop 
technique is performed by placing a small amount of sterile 
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saline in the top of the Veres needle to verify a negative 
intraabdominal pressure as it decends into the abdominal 
cavity. The syringe barrel test is performed by watching the 
column of saline decend the barrel of a syringe attached to 
the Veres needle. Low-flow insufflation should be performed 
at a flow rate of approximately 1–2 l/min, until further signs of 
intraabdominal needle placement are confirmed such as low 
intra-abdominal pressure (<10 mmHg) or loss of dullness to 
percussion over the right upper quadrant. A prospective obser-
vational study of four tests in 345 women showed that high 
insufflation pressures were the most sensitive for preperitoneal 
insufflation [3]. During insufflation, intraabdominal pressures 
should not exceed 20–25 mmHg to avoid interfering with 
diaphragmatic excursion and central venous return from caval 
compression. After an adequate pneumoperitoneum has been 
established, which may range from 1 to 5 l depending on body 
habitus, a trocar is inserted at the umbilicus paying attention 
to the angle of insertion based upon body habitus.

18.4.2  Open Laparoscopy

Hasson described the technique of open laparoscopy in 1971 
as a way of avoiding blind trocar placement. A small incision 
is made at the umbilicus, and Allis clamps are used to grasp 
the rectus fascia, which is then incised. The peritoneum is 
tented and entered directly. A Hasson-type cannula is anchored 
by sutures to the rectus fascia. In a review of over 5,000 cases 
over nearly three decades, this technique has been shown to 
be associated with a low complication rate [4].

18.4.3  Direct Trocar Insertion

Direct trocar placement has also been described by placing 
the trocar through the umbilicus initially rather than using 
the Veres needle. A review of 51 pulications comparing open 
laparoscopy (Hasson method) and closed methods pointed 
out that deaths were only reported in the needle/trocar group 
rather than the open group [5]. However, the rarity of the 
outcome meant that the statistical risk could not be compared 
meaningfully. The meta-analysis was underpowered to 
adequately compare all techniques. Therefore, the question 
of which technique for initial port placement is safest has not 
been definitively answered to date.

18.4.4  Left Upper Quadrant Entry

There are two commonly used methods for gaining laparoscopic 
access at the left upper quadrant: Palmer’s point, and the 
ninth intercostal space. In 1974, Raoul Palmer, a French 

gynecologist, described using a point located 3 cm below the 
left costal margin in the mid-clavicular line for laparoscopic 
access [6]. This is referred to as “Palmer’s Point” by many 
surgeons. The advantage of this site for initial abdominal 
wall entry is the relative unlikelihood of encountering 
adhesions. The organs closest to this insertion site are the left 
lobe of the liver, spleen, transverse colon, and the stomach. 
Therefore, ascites, hepatomegaly, and splenomegaly are 
considered relative contraindications to using this technique.

To use Palmer’s point for initial abdominal wall entry, the 
stomach should be emptied by suction and the LUQ should be 
palpated to exclude splenomegaly. While tenting the abdominal 
skin, the Veres needle is placed into the peritoneal cavity at a 
point 3 cm below the costal margin at the mid-clavicular line, 
aiming at a 45° angle from horizontal. Typically three pops are 
heard or felt to indicate intraperitoneal placement. Insufflation 
pressures of less than 10 mmHg indicate correct intraperito-
neal placement. After insufflation, a 5 mm trocar is placed in a 
similar fashion. Alternatively, a 5 mm trocar can be placed 
directly, and insufflation may be carried out after intraperitoneal 
placement is confirmed visually.

The ninth intercostal space is often used when consider-
ing the left upper quadrant for Veres placement. With this 
technique, the anterior axillary line is used for reference. The 
Veres needle is inserted close to the upper margin of the 10th 
rib to avoid the neurovascular bundle that travels at the 
inferior margin of the 9th rib. The Veres needle is inserted at 
a right angle to the skin, or 45° to the horizontal between the 
ninth and tenth ribs. Once insufflation is complete, a 5 mm 
trocar is placed at Palmer’s point.

18.4.5  Vaginal Approaches to Insufflation

The posterior cul-de-sac of Douglas has long been accessed 
through the posterior vaginal fornix for diagnostic and thera-
peutic purposes when culdocentesis and culdotomy were 
performed regularly. With ultrasound imaging, diagnostic 
culdocentesis has become less common, and many physicians 
today may not be familiar with this approach. To perform 
this technique, a tenaculum is placed on the cervix to gain 
access and to create a taut posterior fornix. The Veres needle 
is inserted at the posterior fornix, approximately 1.75 cm 
from the cervico-vaginal junction, through to the posterior 
cul-de-sac of Douglas, taking care to stay in the midline. 
Typically, a 150 mm Veres needle is used. The needle should 
not be advanced more than approximately 3 cm to avoid vas-
cular injury. Once a pneumoperitneum is created, a standard 
umbilical trocar is placed through the abdominal wall. Fixed 
uterine retroversion and prior posterior fornix surgery are 
considered relative contraindications to using the posterior 
vaginal fornix approach. This should be confirmed by history 
and physical examination.
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The transuterine approach to insufflation may be 
advantageous in obese patients and in patients with extreme 
abdominal wall laxity. Contraindications to this procedure include: 
suspected bowel adhesions to the uterus, previous myomec-
tomy, and pelvic inflammatory disease. This technique is 
performed by placing the patient in moderate Trendelenburg 
positioning to allow the bowel to fall away from the uterus. 
A tenaculum is placed on the anterior lip of the cervix for 
traction and to straighten uterine flexion. Prior to placing 
the Veres needle, the uterus is sounded to determine a cavity 
length and to confirm uterine position. Originally, antevert-
ing the uterus with the Veres needle was described so that 
the Veres needle tip is directed away from the sacral curve, 
rectosigmoid colon, and great vessels. The Veres needle tip 
is advanced through the myometrium and the snap of the 
spring loaded Veres needle mechanism prompts the opera-
tor that the needle has entered the peritoneal cavity. A 
10 mmHg pressure reading should indicate peritoneal place-
ment. Once a pneumoperitneum is created, a standard umbil-
ical trocar is placed.

18.5  Secondary Trocar Placement

Two secondary ports are usually adequate for most laparoscopic 
procedures with more complicated surgeries requiring 
additional ports. Secondary trocars are typically placed lateral 
to the inferior epigastric artery or in the midline above the 
bladder. A 2 to 5 mm trocar may be used for diagnostic laparos-
copy to maneuver pelvic organs for adequate visualization. 
Most instruments for tissue manipulation will fit through a 
5 mm port. Some energy delivery systems and tissue retrieval 
systems require the use of larger ports (8–15 mm).

Lateral trocar placement can be associated with injury to 
the inferior epigastric artery. This vessel is a branch of the 
external iliac artery and can usually be seen along the ante-
rior abdominal wall. To better visualize the relationship of 
the entry point to the inferior epigastric artery, a 22 gauge 
needle can be inserted through the anterior abdominal wall at 
the intended trocar site. If the vessel cannot be seen, a safe 
location can usually be found by measuring 5 cm superior to 
the pubic symphysis and 8 cm lateral [7]. Secondary trocars 
should be inserted in a controlled fashion, under direct vision. 
Placement of suprapubic secondary trocars should be placed 
well above the bladder. Two finger breadths measured 
above the pubic symphysis has been standard terminology 
for midline trocar placement. Due to the significant dif-
ferences in finger widths, and considering the increased risk 
of bladder injury using the suprapubic location, particularly 
if the patient has had prior abdominal surgery, it may be 
worth placing a 22 gauge needle through the anterior abdom-
inal wall in the midline to ensure the port is well above 
the bladder.

The iliohypogastic and ilioinguinal nerves can be injured 
from lateral trocar incisions with subsequent suture ligature 
and fibrotic entrapment. Care should be taken to avoid 
extreme lateral trocar placement; however, there is considerable 
anatomic variation in the course of these nerves, and injury 
cannot always be avoided.

In a retrospective review of over 3,500 laparoscopies in 
1993, the frequency of incisional hernias was reported to be 
0.17% [8]. It is recommended that fascia be closed in trocar 
, which are 10 mm and larger. Though there are case reports 
of hernia occurring at 5 mm trocar sites, closing 5 mm trocar 
sites would usually require enlarging the skin incision or 
using laparoscopic fascial closure devices, which may not be 
warranted in this rare possibility. Closing the fascia may not 
entirely prevent hernia formation. A survey of over 3,200 
gynecologists noted that 18% of hernias occurred despite 
fascial closure and appeared to be related to the number of 
laparoscopies performed rather than the length of the surgeon’s 
career [9].

18.6  Tissue Removal

Small tissue specimens such as peritoneal biopsies are 
simple to remove through 5 mm trocar sleeves. Larger 
ports (10–15 mm) are required to remove ovarian cysts 
or morcellated tissue. Plastic specimen removal bags are 
ideal to remove larger cystic structures such as ovarian 
cysts or medium sized singular solid structures (Endocatch, 
US Surgical Corp., Endopouch, Ethicon Inc.). Alternatively, 
posterior colpotomy can be performed for specimen removal. 
Colpotomy may be performed vaginally as one would 
when performing vaginal hysterectomy or it may be per-
formed laparoscopically. Laparoscopic colpotomy is 
performed by first inserting a lubricated sponge stick in 
the posterior fornix for cul-de-sac elevation. An incision is 
made between the uterosacral ligaments into the vagina on 
top of the sponge by using laser, unipolar scissors, or 
harmonic scalpel. A wet lap pad placed in the vagina will 
minimize loss of pneumoperitoneum.

Morcellation is preferred for larger tissue specimens and 
is much simpler to perform with an electromechanical 
morcellator. Most morcellators require a larger post size of 
15 mm. A tissue graper (tenaculum or claw) is placed through 
the operating port of the morcellator and the tissue is grasped 
carefully to avoid surrounding normal tissue. The specimen 
is then drawn up into the morcellator rather than pushing the 
morcellator into the specimen. For safety reasons, it is impor-
tant that the tip of the morcellator be in view at all times. 
Keeping the cutting tip elevated adds to visualization and 
decreases the risk of inadvertently injuring bowel and other 
vital structures. Severe injuries have been reported including 
injury to the pancreas.
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18.7  Operative Laparoscopy

18.7.1  Mechanical Adhesiolysis

Ideally, adhesiolysis should be used with microsurgical 
technique, gentle tissue handling, and meticulous hemostasis 
with minimal tissue fulguration. Adhesiolysis can be 
performed by a number of techniques including blunt and 
sharp dissection, electrodissection, aquadissection, and laser 
dissection.

Blunt dissection is the most rudimentary form of adhesi-
olysis. This technique is sometimes used in treating thin, 
avascular adhesions. Virtually, any type of laparoscopic 
instrument can be used to place traction on an adhesion to 
cause separation. If bleeding or significant resistance is 
encountered, this technique should be abandoned, and sharp 
or electrical dissection should be used.

Sharp dissection is preferred in cases of thicker avascular 
adhesions. The advantage of sharp dissection over electro-
dissection is the decreased risk of inadvertent electrosurgical 
injury. Similarly to laparotomy, the adhesion is held on 
tension with an atraumatic grasper, and laparoscopic scissors 
are used for dissection. Turning the tip of the scissors toward 
the optical viewing angle will aid in visualization to avoid 
inadvertent injury.

Aqua dissection can be used to free adhesions from the 
pelvic sidewall when operating close to the ureter or to 
the great vessels. It is also a useful technique in removing 
endometriotic nodules. With this technique, the peritoneum 
is grasped and a small incision is made such that the tip of a 
powered suction-irrigation device can be inserted. An irriga-
tor is used to force fluid under the peritoneum, causing it to 
balloon out from deeper tissues. The tissue sample can then 
be dissected free as it is freed from its base.

18.7.2  Adhesiolysis Using Energy

Unipolar energy is frequently used to treat thicker vascular 
adhesions, using to avoid injury to bowel. As well-visualized 
areas are freed from adhesions, less well-visualized areas 
become recognizable. Unipolar instruments such as scissors, 
needle point electrodes, and L-hooks are ideal for adhesiolysis. 
Bipolar instruments such as Kleppinger forceps, bipolar 
scissors, or newer tissue-controlled bipolar energy instruments, 
which seal vessels, can also be used.

Laser dissection has been used in laparoscopy with great 
success due to minimal lateral thermal spread. The small 
spot size of laser makes this a useful tool for precision 
adhesiolysis. The CO

2
 laser has a depth of penetration of 

0.1 mm and is excellent for cutting.

The Harmonic scalpel is used with a technique similar to 
both bipolar dissection (laparosonic coagulating shears 
and harmonic ace) and unipolar dissection (scalpel tip) 
depending on which tip is used, although it does not use 
electrosurgery. These devices have the advantage of minimal 
lateral thermal spread, even compared to the newer bipolar 
electrosurgical instruments [10]. When using the harmonic 
ace, it works best if the tissue is not on tension. This allows 
the tissue to be treated before it is cut, reducing bleeding.

18.7.3  Sidewall and Retroperitoneal Space 
Dissection

When performing dissection of the sidewall or retroperitoneum 
surgery, which is often the case with endometriosis surgery, 
the course of the ureter is identified, along with the iliac vessels. 
If the ureter is able to be identified at the pelvic brim, but 
then is obscured by adhesions, endometriosis, or an ovarian 
mass along its caudad course, the peritoneum overlying the 
sidewall can be grasped and opened with scissors. A Maryland 
dissector can be used to gently spread the peritoneum to view 
the ureter. If the anatomy is distorted, it may be necessary to 
start the dissection high at the pelvic brim or by opening the 
round ligament. If the round ligament is to be opened, it 
should be divided with an energy source as lateral as possible. 
A blunt grasper can be used to dissect the avascular retroperi-
toneal space, while expecting the ureter to be located on the 
medial leaf of the broad ligament. Developing the pararectal 
space will also help to define anatomic landmarks to avoid 
inadvertent vascular or ureteral injury. Once the ureter, great 
vessels, and uterine artery are located, adhesions can be 
divided confidently with an energy system of choice.

18.7.4  Posterior Cul-de-sac Dissection

Cul-de-sac obliteration secondary to endometriosis often 
involves deep fibrotic endometriosis that may involve the 
rectum, rectovaginal septum, or uterosacral ligaments. 
Dissection of the posterior cul-de-sac may be necessary 
when partial or complete cul-de-sac obliteration has occurred 
and the patient has a surgical indication for treatment such as 
pain, mass, and in selected cases, infertility. Skilled surgeons 
can perform it laparoscopically.

Ideally, this condition is known or suspected preoperatively 
allowing for thorough bowel prep prior to surgery. A uterine 
manipulator is useful to antevert the uterus. A rectal probe 
may be placed in the rectum to help delineate and retract 
the rectum posteriorly. Placing a sponge stick in the vagina 
can further help delineate the rectum from the vagina. 
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The rectum is dissected from the posterior aspect of the uterus 
or vagina. Aqua dissection may also be useful. Dissection 
should continue until the loose areolar tissue of the rectovag-
inal space is reached. If a ureter is near the site of dissec-
tion, the position of the ureter should be confirmed before 
any dissection takes place. In some cases, ureteral stenting is 
helpful for ureteral identification. Fibrotic endometriosis 
can then be excised from the posterior vagina or uterosacral 
ligaments. If endometriosis extends to the vaginal mucosa, 
this is also excised.

18.7.5  Oophorectomy and  
Salpingo-oophorectomy

Before starting oophorectomy, the ureter should be 
identified. It can be identified by transperitoneal visualiza-
tion of peristalsis or by dissection as described above. To 
gain access to the infundibulopelvic ligament, the ovary is 
grasped and held medial and toward the abdominal wall for 
optimal visualization. It is coagulated or sealed with bipolar 
energy or ultrasonic energy and transected. Alternately, a 
laparoscopic stapling device or suturing may be used. It 
may be suture ligated by creating an avascular window 
underneath the infundibulopelvic ligament and passing a 
ligature similar to laparotomy. The suture is tied with an 
extracorporeal knot pusher. The loose avascular tissue 
between the infundibulopelvic tissue and utero-ovarian tis-
sue, as well as the utero-ovarian tissue is divided next with 
an energy device or with suture ligatures. Pedicles should be 
examined for hemostasis and the ovary is removed by one 
of the described methods of tissue removal. If the fallopian 
tube is to be removed with the ovary, the proximal fallo-
pian tube and utero-ovarian ligament are coagulated or 
sealed before transection.

18.8  Laparoscopic Myomectomy

Laparoscopic myomectomy can be a simple procedure in 
the case of the pedunculated myoma, and range to one of 
the more difficult laparoscopic surgeries, requiring expert 
laparoscopic suturing skills. Two case–control studies 
comparing open to laparoscopic myomectomy, have both 
demonstrated significantly longer mean operating room 
time with the laparoscopic approach, but with significantly 
shorter hospital stays in the laparoscopic group [11, 12]. 
The use of a preoperative gonadotropin-releasing hormone 
agonist may be considered in patients who are anemic. 
A prospective randomized study using leuprolide acetate 
in patients undergoing laparoscopic myomectomy also 

demonstrated significantly lower blood loss and operative 
times in the treatment group [13]. Other studies have 
shown longer operative times and a higher conversion to 
laparotomy rate associated with the use of GnRH agonists 
in laparoscopic myomectomy because of difficult cleavage 
planes.

Pedunculated myomas can be resected by coagulating 
and transecting the base and then morcellated, or removed 
by posterior colpotomy. The small serosal defect is not 
typically sutured. It is best to avoid losing myoma pieces 
that become detached, as there have been reports of speci-
mens becoming infected or continuing to grow at the trocar 
incision site and elsewhere in the pelvic cavity. Small lost 
myoma fragments are not necessarily an indication for 
laparotomy.

Intramural and subserosal fibroids require an incision to 
be made with scissors, laser, needle electrode, or harmonic 
scalpel. Prior to incising the uterine serosa, it is possible to 
inject hemostatic agents into the serosa and myoma. A dilute 
vasopressin solution or bupivacaine plus epinephrine may be 
injected transabdominally into the myometrium through a 
spinal needle or through a laparoscopic needle instrument. 
As the serosa is incised along the length of the myoma and 
the whorled white appearance of the myoma is seen, the 
edges of the uterine serosa may be held open with atraumatic 
graspers. A corkscrew retractor can be screwed into the 
myoma or a laparoscopic tenaculaum may be used for 
myoma traction. With upward traction, the myoma is peeled 
away from the uterine corpus. The myomas are removed by 
tissue morcellation, as described earlier. Hemostasis is 
achieved with electrosurgery or harmonic scalpel. The defect 
is sutured closed in two or three layers, depending on the 
depth of the defect using a delayed absorbable suture using 
intracorporeal or extracorporial suturing. Another option is 
to perform uterine closure through a minilaparotomy if the 
fundus or area to be sutured can be delivered through a small 
incision.

Uterine rupture has been reported in patients undergoing 
laparoscopic myomectomy and pregnancy should be mon-
itored with the same caution given to patients who have 
undergone abdominal myomectomy. It is not known 
whether laparoscopic repairs are equivalent to repair by 
laparotomy.

18.9  Laparoscopy Using Local Anesthsia  
or Conscious Sedation

Laparoscopy is sometimes performed under conscious seda-
tion or local anesthesia in the operating room or in a nonhospi-
tal environment such as physician’s office with or without the 
assistance of an anesthesiologist. Local anesthesia and conscious 
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sedation has long been used to perform tubal ligation, and 
more recently in performing pain mapping in selected 
patients with chronic pelvic pain [14]. Proper patient selec-
tion is important, as patients must be able to withstand lift-
ing the abdomen at the umbilicus for Veres needle and 
trocar insertion and tolerate local infiltration at the umbi-
licus. If conscious sedation is to be performed in the office 
without the presence of an anesthesiologist, it is important 
to follow state guidelines for conscious sedation. The 
American College of Surgeons has developed guidelines  
that have been endorsed by The American College of 
Obstetricians and Gynecologists that detail requirements for 
resuscitation and an optimally safe environment.

The umbilicus is infiltrated at the skin and then down 
through the fascia with a 25-gauge needle, while elevating 
the umbilicus, using approximately 10 ml of 1% lidocaine 
or 0.25% bupivacaine. If conscious sedation is used, a short 
acting narcotic such as remifentanyl is ideal if pain map-
ping is to be performed such that the patient is awake and 
able to respond to nociceptive stimuli. If tubal sterilization 
is to be performed, an anxiolytic drug such as midazolam is 
useful.

18.10  Conclusion

Laparoscopy has become a common form of gynecologic 
surgery. Over the past few decades, it has become increasingly 
safe with improved technology. Due to this rapidly evolving 
technology, continued education and research are important. 
The main benefits of laparoscopic surgery are shorter hospi-
talization, improved cosmesis, and in some cases improved 
safety and cost.
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Abstract Turner syndrome (TS) or monosomy X, is the 
most common cause of hypergonadotropic hypogonadism in 
girls and young women. This chapter reviews the prevalence 
and different presentations of the syndrome and explains its 
chromosomal origins. The interpretation of chromosomal 
studies in diagnosis of and prognosis for TS, including 
prenatal testing, is reviewed. The most recent data on the 
TS phenotypic spectrum indicate ~95% have short stature 
and ~95% have primary ovarian failure, most presenting 
with primary amenorrhea but a significant number is present 
with 2° amenorrhea. Recent studies indicate that dysmor-
phic features are less common than previously described 
but complex cardiovascular defects and metabolic problems 
including osteoporosis, thyroid dysfunction, diabetes, and 
dyslipidemia are more common than previously appreci-
ated. A significant proportion of young girls may have 
viable ovarian follicles with 15–20% experiencing sponta-
neous puberty, and 3–5% may achieve natural pregnancy. 
Spontaneous and assisted pregnancies with donated oocytes 
are associated with serious maternal complications, includ-
ing eclampsia, diabetes, and catastrophic aortic dissections 
in women with TS. Thus, all TS women contemplating 
pregnancy need thorough medical and especially cardio-
logic evaluations and counseling as to the risks involved. 
Protocols for the physiologic induction of puberty and for 
the maintenance of feminization and prevention of osteopo-
rosis in adults are described. The experience of premature 
ovarian failure and infertility leads to impaired psychosocial 
and sexual functioning in many women with TS. More 
attention focused on the psychological aspects of premature 
ovarian failure may help them cope with the diagnosis in a 
more positive manner.

Keywords X chromosome • Ovarian failure • Primary 
amenorrhea • Pubertal induction • Hormone replacement 
therapy • Osteoporosis

19.1  Introduction

Turner syndrome (TS) is caused by the absence of all or sig-
nificant parts of one sex chromosome in all or most somatic 
cells. It is the most common genetic disease of females, 
affecting ~1/2,000 live-born girls, as revealed by karyotypic 
screening of nearly 50,000 newborns. However, the number 
of clinically diagnosed cases is only about half that expected 
from these birth data [1]. Moreover, most individuals are not 
diagnosed until teenage years or later (Fig. 19.1). Under 
diagnosis is a serious problem because cardiac and metabolic 
defects associated with the syndrome cause morbidity and 
premature mortality if not properly treated. Moreover, effec-
tive hormonal treatment and psychosocial adjustment made 
possible with timely diagnoses greatly improve the quality of 
life for girls and women with TS. Until very recently, TS was 
viewed primarily as a pediatric disorder with medical atten-
tion focused mainly on the use of recombinant human growth 
hormone (GH) to increase adult height. National health reg-
istries in Great Britain and European countries provide qual-
ity epidemiological data and the ongoing National Institutes 
of Health (NIH) prospective genotype-phenotype study pro-
vides high quality data on genetic, physical, physiological, 
and psychological aspects of TS. A recent consensus confer-
ence reviewed all published and registry data to formulate 
updated guidelines for diagnosis, medical screening, and 
treatment of girls and women with TS [2]. The present chap-
ter is based upon these sources. While young girls with TS 
are getting excellent care from the pediatric endocrine spe-
cialists, they seem to fall off the radar when they “graduate” 
from pediatric clinic. The care of adults with TS is currently 
far from optimal [3]. Not only do they not get the recom-
mended medical care, but also some general practitioners 
have advised these young women to stop their estrogen treat-
ment because of the publicity surrounding the Women’s 
Health Initiative studies [4]. It would probably be best if 
these women receive primary care from the reproductive 
endocrinologist. They present a host of medically interesting 
problems and are generally a well informed, cooperative and 
rewarding group of patients.
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19.2  Diagnosis

19.2.1  Diagnostic Criteria

The diagnosis of TS requires both sex chromosomal abnor-
malities and physical features of TS, most commonly short 
stature and/or premature ovarian failure, in a phenotypic 
female [2]. The current standard for chromosomal diagnosis 
is the metaphase karyotype analysis of at least 30 peripheral 
lymphocytes. This is a time-consuming, labor intensive, and 
expensive test that requires cells that can divide in vitro and 
is limited therefore mainly to fresh lymphocytes. Comparative 
genomic hybridization using chromosome microarrays is 
likely to preempt karyotype analyses in screening for sex 
chromosome anomalies [5], with the karyotype reserved for 
confirmatory testing (Fig. 19.2). While most patients with 
TS have >50% abnormal cells on their karyotype, there is no 
specific percentage of cells that must be abnormal for the 
diagnosis, because a full-blown phenotype with short stature 
and ovarian failure may be found in a patient with less than 
50% of abnormal cells on a 30-cell peripheral karyotype. 
This may occur because of tissue mosaicism, in which some 
tissues may be predominantly 45,X cells while the lympho-
cyte karyotype representing only a single cell lineage, may 
not reflect other tissues (Fig. 19.3). However, normal aging is 
associated with sex chromosome loss in lymphocytes [6], so 
normal women in their 40s may have a couple of 45,X cells 
on a peripheral blood karyotype without having TS. The con-
verse situation may occur when a female presents with many 
typical features of TS but has a normal peripheral blood 

karyotype. If she has primary ovarian failure, then repeat 
karyotype on 50 lymphocytes and/or biopsy and analysis of 
genomic DNA from other tissues such as skin and buccal 
epithelium may reveal sex chromosome loss consistent with 
the diagnosis of TS. If these studies are normal, and espe-
cially if ovarian function is normal, she likely has Noonan 
syndrome, an autosomal dominant disorder which affects 
both sexes with short stature, neck webbing, and congenital 
heart defects with normal karyotype.

By original description [7, 8] and current consensus [2], the 
diagnosis of TS includes only phenotypic females. There are 
rare cases of phenotypic males with short stature, hypogonad-
ism and possibly some other features of TS, and a 46,XdelY or 
45,X/46,XY karyotype [9]. The underlying pathology seems 
to be the same as in females with TS, except that there were 
cells with sufficient Y-chromosome material in the developing 
gonadal ridge to permit the development and survival of testis 
long enough to induce a male phenotype. It is actually more 
common, however, for a male with TS features to have Noonan 
syndrome. Because gender identity and sexuality are major 
issues for individuals with these disorders, it is not appropriate 
to label the rare phenotypic male with TS features and Y chro-
mosome deletions as “male TS.”

19.2.2  Gonadal Dysgenesis

“Gonadal dysgenesis” means “defective development of the 
gonads” and was first used to refer to TS in the 1950s. This 
term was expanded to include unrelated disorders sharing the 
common feature of congenital primary hypogonadism. As 
distinctions between different disorders of sexual develop-
ment became apparent, the terminology became increasingly 
cumbersome and confusing, i.e., “pure” 46,XX gonadal dys-
genesis, “pure” 46,XY gonadal dysgenesis, mixed gonadal 
dysgenesis. These historic terms do not reflect current knowl-
edge about the genetic etiology, molecular pathogenesis or 
phenotypic variation in these disorders. Moreover, the term 
‘gonadal dysgenesis’ is not precisely accurate for TS in that 
the ovaries appear to develop normally but undergo acceler-
ated atresia [10–12]. With rapid depletion of primordial fol-
licles, the immature 45,X ovary with little stromal interstitial 
component, recedes into a connective tissue “streak.” 
However, at least 15% of females with TS have sufficient 
follicular function to undergo spontaneous puberty [13] and 
~3% have spontaneous pregnancies [14]. Thus, the historic 
and nonspecific “gonadal dysgenesis” terminology needs to 
be discarded, because it is inaccurate with respect to the TS 
ovary, and because it “lumps” TS with unrelated disorders. 
Moreover, it is more sensitive to the feelings of girls and 
women with TS to refer to premature ovarian failure, since 
this term recognizes that they have or at least at one point had 

Fig. 19.1 Age at TS diagnosis for 290 girls and women aged 7–67 
participating in the NIH study between 2001 and 2007. The large num-
ber diagnosed at birth was detected mainly because of persistent lym-
phedema or neck webbing, in some cases associated with clinically 
obvious congenital heart disease. Girls diagnosed in childhood up to 
age ten were mainly on the basis of short stature. Note that 60% were 
diagnosed as teens or adults, mainly because of amenorrhea
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ovaries supporting their identification as females. Thus, the 
preferred nomenclature is “monosomy X (Turner syn-
drome)”, which includes the chromosomal etiology and the 

familiar eponym signifying the common features of short 
stature and premature ovarian failure.

19.2.3  Chromosomal Origins

The X chromosome abnormalities commonly seen in TS are 
illustrated in Fig. 19.4 and listed in proportion to their occur-
rence in Table 19.1. Loss of an X or Y chromosome as a result 
of meiotic nondisjunction during gametogenesis will lead to a 
“pure” 45,X embryo if the sex chromosome null gamete joins 
with an opposite sex gamete that has at least one normal X 
chromosome. Unlike Down’s syndrome, there is no associa-
tion between maternal age and the risk for a TS gestation nor 
is there any known familial or genetic predisposition to 45,X 
pregnancies, and the likelihood of having a second 45,X preg-
nancy is not increased. The second most common group have 
two or three cell lines, one 45,X and the second a normal 
46,XX or 46,XY karyotype, and sometimes also a third, 
47,XXX cell line as well. This reflects chromosomal loss 

Fig. 19.2 Detection of sex chromosome anomalies. (a) For karyotype 
analysis, fresh blood cells are purified by centrifugation to enrich lym-
phocytes and monocytes. The mononuclear cells are cultured for 3–4 
days in the presence of a mitogen like phytohemagglutinin. When there 
is a large population of dividing cells, the culture is treated with a drug 
such as Colcemid to block the cells in metaphase. After fixation, cells 
are plated onto microscope slides, dried and Giemsa-stained to show 
lightly and darkly stained bands – facilitating chromosome identifica-
tion. “Good chromosome spreads” (i.e. the chromosomes are not too 
long or too compact and are not overlapping), are photographed or 
made into digital images, and the chromosomes cut out, paired up and 
aligned as shown in panel A. Note there is a small “marker” chromo-
some that represents a Y fragment (arrow). (b) Comparative genomic 
hybridization (CGH) using chromosomal microarrays (CMA). Whole 

genomic DNA from a control or reference (left) and from a patient 
(right) are labeled with two different fluorophores. The two genomic 
DNA samples are competitively cohybridized with chromosomal 
sequence “targets” tiled onto the microarray (middle). Computer imaging 
programs assess the relative fluorescence levels of each DNA for each 
target on the array (lower left). The ratio between control and test DNA 
for each clone can be linearly plotted using data analysis software to 
visualize dosage variations (lower right), indicated by a deviation from 
the normal log2 ratio of zero. This technology is investigational at pres-
ent, but has great promise for adaptation to high throughput application 
that will be fast, relatively inexpensive and require simple DNA sam-
ples rather than fresh, living cells. (Reprinted from J Mol Diagn (2006) 
8: 528–533 with permission from the American Society for Investigative 
Pathology and the Association for Molecular Pathology)

Fig. 19.3 Mosaicism for 45,X and 46,XX cell lines in an embryo at 
gastrulation. The 2nd X chromosome may have been lost during cell 
division in one or two cells during early embryo growth that give rise to 
clonal expansions
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(and reciprocal gain in the 47,XXX) during early embryonic 
mitoses (Fig. 19.5a). This mosaic individual may have a 
milder phenotype, if the proportion of abnormal cells present 
in different developing tissues is small. The other type of 
mosaic has an abnormal 46,XabnX cell line and a 45,X cell 
line. A standard 30-cell karyotype is sufficient for diagnosis 
in most cases and identifies a rate of 10% mosaicism with 
95% confidence.

It seems that most of the genes involved in the TS pheno-
type are located on Xp, and hence the phenotype is quite 
similar in patients missing an entire X chromosome (45,X) 
and those missing just an Xp, as in proximal Xp deletions 
and Xq isochromosomes (deletion of the short arm, Xp, and 
joining of two identical long arms, or Xqs; Fig. 19.4). In con-
trast to the 45,X case, TS with an abnormal 2nd X chromo-
some (especially a delXq or delXp) may be familial, and the 
abnormal X may be passed on from mother to daughter. 
Embryonic cells tend to lose abnormal X chromosomes dur-
ing repeated cell divisions; for example, an embryo that had 
a 46,XiXq constitution as a result of receiving the isoXq 
from one of the parents, may lose that large, unwieldy chro-
mosome during early mitoses and thus be mosaic for 46,XiXq 
and 45,X cell lines (Fig. 19.5b). Both these cell lines are 
abnormal and monosomic for Xp, so this mosaic individual 
is expected to be fully affected. Females with a distal Xq 
deletion may be present with isolated premature ovarian fail-
ure and no other TS features; the diagnosis of TS may not be 
appropriate for them.

Fig. 19.4 Common X chromosome structural abnormalities found in 
TS. The short arm is designated “p” and the long arm “q.” The XIC, or 
X inactivation center is located around Xq13 (the numbers refer to tra-
ditional cytogenetic staining bands) and is essential for inactivation of 
the 2nd (or any supernummary) X chromosomes in normal female cells. 
Defects involving XIC deletion are rarely seen because failure to inac-
tivate the 2nd X chromosome is usually lethal. A common X chromo-
some rearrangement involves formation of an isoXq, which occurs after 
replication when daughter chromosomes split transversely across the 
centromere rather than longitudinally. Relatively proximal Xp deletions 

(delXp) give rise to a full TS phenotype in most cases, although ovarian 
function may be more sustained than in 45,X. Xq deletion may be asso-
ciated with relatively mild phenotypes including normal height, since 
both copies of the short stature gene, SHOX, on distal X are present. 
Small, distal Xq deletions commonly present with isolated early meno-
pause. A ring X (rX) chromosome forms when two breaks in an X chro-
mosome leave “sticky” loose ends that join together. The 
pseudo-isodicentric Xp11.1 represents the end-to-end fusion of two 
copies of an Xp deleted chromosome, essentially equivalent to an 
isoXq

Table 19.1 Karyotype distribution in TS

Karyotype Proportion (%)

45,X 50
45.X/46,XX & 45,X/46,XX/47,XXX 20
45,X/46,XY 3
46,XiXq & 45,X/46,XiXq 12
46,XrX & 45,X/46,XrX 6
46,XdelXp & 45,X/46,XdelXp 4
46,XdelXq & 45,X/46,XdelXq 2
46,XdelY 1
Other 2
Pooled data from the NIH study and Gravholt (2006)



31119 Turner Syndrome

19.2.4  Genotype and Phenotype

19.2.4.1  Short Stature

TS is the only chromosomal monosomy compatible with 
life. Since one sex chromosome is normally inactivated 
(“Lyonized”) in diploid female cells, one might ask why 
there is any phenotype in 45,X patients. However, it turns out 
that a significant number of X-chromosome genes escape 
inactivation [15]. Some of these genes are localized in dis-
crete “pseudoautosomal” regions of the X chromosome 
which have Y alleles and are normally expressed bialleli-
cally in both sexes (Fig. 19.6). The only pseudoautosomal 
gene implicated in the TS phenotype to date is SHOX, which 
encodes a homeobox transcription factor involved in skeleto-
genesis [16, 17]. Haploinsufficiency for SHOX, as in TS and 
Leri–Weill syndrome results in short stature and various 
skeletal anomalies [18]. Interestingly, additional X or Y 
chromosomes lead to tall stature secondary to extra doses of 
SHOX. It is likely that haploinsufficiency for other – as yet 
unknown – pseudoautosomal genes cause the impaired lym-
phatic and cardiovascular development and sensorineural 
deafness found in TS. In general, a mosaic karyotype with a 
high percent of normal cells may be associated with a rela-
tively mild phenotype, but the phenotype is highly variable 

even among those females with 100% abnormal cells (e.g., 
see cases 1 and 2).

19.2.4.2  Premature Ovarian Failure

As noted above, the ovaries seem to develop normally in the 
presence of just one normal X chromosome [12]. Normal 
ovaries are populated with millions of germ cells early in 
gestation, most of which do not survive – so that at birth the 
typical human ovary has ~500,000 oocytes. This normal pro-
cess of attrition is magnified in TS so that most girls lose all 
oocytes and are born with streak ovaries [19], suggesting that 
haploinsufficiency for unknown X-linked genes drastically 
impairs oocyte survival. The relation between X chromo-
some genes and premature ovarian failure has proven to be a 

Fig. 19.5 Illustration of two types of mosaic karyotypes in TS. (a) 
From a 30-WBC karyotype, 15 cells (50%) were 45,X, 12 cells (40%) 
were normal 46,XX and 3 cells (10%) were 47,XXX. The standard 
notation reporting this karyotype is: 45,X[15]/46,XX[12]/47,XXX[3]. 
The triple X cell line derives from that early mitosis in which, as a result 
of nondisjunction, one daughter cell got only one X chromosome while 
the other got three. Since both 2nd and 3rd X chromosomes are (mostly) 
inactivated the phenotype in this patient could be relatively mild. 
Particularly, if there were a high proportion of 46,XX or 47,XXX in the 
region of gonad development, her chances for fertility may be good. (b) 
A mosaic karyotype in which both cell lines are abnormal. This cytoge-
netic notation tells us that 20 of the 30 cells analyzed were 45,X and the 
remaining third were 46,XiXq. Hence, all cells were monosomic for Xp 
and one expects a full TS phenotype

Fig. 19.6 Schematic Representation of the Sex Chromosomes. Short 
(p) and long (q) arms separated by the centromere (C) are indicated. 
The pseudo-autosomal regions (PAR1 at the p terminus and PAR2 at the 
q terminus) contain genes like SHOX that are expressed from both 
active and inactive X chromosomes in females, and from both X and Y 
chromosomes in males. The X-inactivation center (XIC) is a complex 
genomic region that transcribes XIST, a nonprotein coding RNA that 
coats the inactive X chromosome. The positions of several X-linked 
genes involved in sex determination and reproduction are shown. KAL1 
– one of the genes mutation or deletion of which causes hypogonadotro-
pic hypogonadism (IHH)/Kallmann syndrome. ZFX, BMP15, DIAPH2, 
and FMR have all been implicated in ovarian function. AR- androgen 
receptor; FRA-X – loci for the fragile X syndrome. The sex chromo-
somes pair only at the small terminal PAR regions, which is a weak 
connection and explains why loss of a sex chromosome is a common 
occurrence
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complicated and frustrating subject. X chromosome break-
points and rearrangements, involving multiple sites on both 
Xp and Xq are associated with premature ovarian failure 
[12]. The finding that both Xp and Xq deletions are associ-
ated with premature ovarian failure led to the speculation 
that missing or broken chromosomes may cause defects in 
meiotic homologous pairing leading to oocyte apoptosis 
[20]. To add further to the complexity of the X chromosome’s 
influence upon fertility, balanced translocations of the long 
arm of the X chromosome and various autosomes are associ-
ated with premature ovarian failure, but the Xq breakpoints 
do not coincide with any candidate genes, and often occur in 
gene-poor “deserts” [21]. Thus, it has been proposed that the 
fusion of Xq to autosomes causes epigenetic alterations in 
autosomal gene expression leading to ovarian failure – an 
entirely different mechanism from the haploinsufficiency for 
X chromosome genes that causes ovarian failure in X mono-
somy. Thus, it seems that one X chromosome is sufficient for 
ovariogenesis, but that both X chromosomes are required to 
maintain oocyte/follicular survival. It will be very interesting 
and potentially clinically useful to identify the X-linked 
gene(s) promoting fertility in women.

19.2.5  Y Chromosome and Gonadoblastoma

This is a subject where there is much controversy and very 
little high quality evidence. One fact is 100% certain – any 
patient with TS and signs of virilization need workup for 
gonadal, adrenal or midline tumor, as well as further investi-
gation of karyotype looking for Y chromosome material. 
The presence of Y chromosome material in patients with TS 
is associated with the development of gonadoblastoma in 
about 12%, according to a recent survey of the medical lit-
erature [22]. The risk is several fold greater in individuals 
with 46,XY “pure gonadal dysgenesis” or Swyer syndrome. 
The gonadoblastoma is a benign in situ tumor, usually micro-
scopic in size and diagnosed histologically on ovaries 
removed prophylactically. Gonadoblastomas have the poten-
tial to transform into malignant germ cell neoplasms, but the 
frequency with which this occurs in TS is unknown. 
Unfortunately, there is little evidence to guide decision mak-
ing on this issue. Epidemiological studies on sources of mor-
bidity and mortality in TS do not report gonadal tumors; 
indeed cancer seems relatively reduced in this syndrome 
[23–25]. However, it is unknown whether serial ultrasound 
or other imaging could detect emergence of malignancy in a 
timely manner, and some patients may be lost to follow-up. 
Hence, the standard recommendation is for laparoscopic 
gonadectomy in these patients [22]. It was previously 
assumed that gonads in patients with TS and Y chromosome 
mosaicism have no reproductive potential, but spontaneous 

pregnancies in such women have recently been reported [26, 
27]. Thus, possible preservation of follicles/oocytes should 
be discussed with patients facing gonadectomy. Many fami-
lies and older patients react quite strongly to the information 
about Y chromosome, potential tumor, and need for gonad-
ectomy (“castration”). Therefore, the patient and/or her par-
ents should be informed of the finding of Y chromosome 
material with the utmost sensitivity regarding gender identity 
issues to minimize psychological harm. If a pelvic ultrasound 
shows no mass and there is no virilization (the majority of 
advancing tumors produce androgens), the family should be 
allowed time for adjusting to the information, further discus-
sion or second opinions and if possible, and counseling by 
specialists in gender disorders. Routine testing for SRY or 
the presence of Y chromosome material in 45,X individuals 
without masculinization and without a “marker” chromo-
some (Fig. 19.2) is not clinically warranted at present [2] 
because the yield is very low and is actually in the range of 
test error.

19.2.6  Prenatal Diagnoses

Prenatal cytogenetic testing using chorionic villous or 
amniotic tissue is becoming ever more common. With the 
approaching wide availability of less expensive, high throughput 
microarray technology, chromosome screening will likely be 
universal. Sex chromosome anomalies are actually the most 
common abnormal findings from such testing. This poses a 
serious challenge for the clinician who asked to interpret the 
likely outcome of such gestations. The finding of 45,X or 
45,X/46,XX or XY mosaic karyotypes in routine screening 
(i.e., not prompted by fetal or maternal abnormalities) 
creates a difficult counseling dilemma, because the outcome 
of such pregnancies range from fetal demise to the birth of a 
normal child with a normal postnatal karyotype [28–31]. If 
a high resolution fetal ultrasound is normal, a live birth is 
more likely and the child could have TS without major car-
diac or lymphatic defects or could even be normal. A repeat 
karyotype after birth is necessary, since cytogenetic results 
from prenatal testing are not always confirmed in the live-
born child. The situation is less optimistic if the fetal ultra-
sound is abnormal in the context of a TS karyotype. The 
presence of cystic hygroma, heart defects or hydrops, is 
associated with high risk for fetal demise. Some of these 
fetuses survive, however, and may have an excellent outcome 
(See clinical case 1).

Physicians involved in counseling need to be aware that 
the clinical spectrum of TS is much broader and often less 
severe than that described in many textbooks. In particular, 
incidental prenatal diagnoses are associated with a mild phe-
notype [31, 32]. Prospective parents need to be informed 
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about the variability of features, the likelihood of short stat-
ure and ovarian failure, and the currently available treat-
ments. It should be emphasized that most individuals with 
TS have normal intelligence, and that most adults with 
TS function well and independently. This point is stressed 
because the lay person may confuse Turner with Down’s 
syndrome.

19.2.7  Physical Diagnosis in TS

The most constant physical feature of TS is short stature 
(Table 19.2). Untreated adult height is about 20 cm (~8″) 
shorter than expected based on familial height. Thus, it is 
important to ask about the height of parents and sibs. Girls 
treated with GH for 5 years or more may reach 60–64″. 
Approximately 50% have skeletal malformations, includ-
ing scoliosis, cubitus valgus, or a wide carrying angle and 
brachymetacarpia, particularly a foreshortened 4th meta-
carpal (Fig. 19.7), but radial bowing or Madelung defor-
mity is actually rare. About two thirds of girls and women 
with TS have a high arched palate and ~25% have multiple 
pigmented nevi usually apparent on the head and chest. 
Evidence of fetal lymphedema is found in the presence of 
neck webbing (pterygium colli; ~30%), malrotated low set 
ears (~35%), and a low posterior hairline (~50%) (Fig. 19.7). 
Neck webbing is defined as redundant cervical skin folds 
arcing out from mastoid to acromium. The webbed neck 
has a trapezoidal shape and is always associated with a very 
low posterior hairline and usually with low set malrotated 
ears and downsloping or hooded appearing eyes. All these 
features are caused by the stretching of developing fetal 
skin and scalp over the cystic hygromata. In contrast, the 
common short neck in most TS patients is attributed to 
impaired longitudinal growth of vertebral bodies related to 
SHOX deficiency. It is important to identify neck webbing 
because these patients have nearly twice the prevalence of 
congenital cardiovascular defects (~50%) vs. those without 
the webbed neck [33, 34]. The present observations gath-
ered from large numbers of patients examined in the 21st 
century show that the “classic” phenotype of dysmorphic 

external features (Fig. 19.7) represent only about one third 
of cases while, aside from short stature, most have rather 
subtle physical signs (Fig. 19.8). Moreover, the height defi-
cit may not be obvious if the patients comes from a tall 
family (Fig. 19.8).

19.2.8  Congenital Cardiovascular and Renal 
Defects in TS

Congenital cardiovascular defects are the most medically 
significant and life-threatening consequences of monosomy 
for the X chromosome. Indeed, the great majority of 45,X 
gestations end in fetal demise due to circulatory failure. 
About 10% of live-born girls with TS come to medical atten-
tion early because of major cardiovascular defects, including 
left heart hypoplasia, aortic valve disease, and aortic coarcta-
tion. Screening of asymptomatic women with TS using car-
diac magnetic resonance angiography (CMRA) reveals that 
~50% have abnormalities of the aortic valve, aortic arch and/
or major vessels [35]. An example of a CMRA study in a 
45-year-old woman with TS and intractable hypertension, 
who had previous “normal” cardiac echos, is shown in 
Fig. 19.9. In addition to bicuspid aortic valve, aortic root 
dilatation and aortic coarctation, many women have very 
abnormal-appearing elongation of the transverse aortic arch 
often associated with dilatation of the aortic root [35]. 
Cardiac MR is invaluable in screening for congenital cardio-
vascular anomalies and has revolutionized our view of the 
spectrum of defects in TS and other disorders. CMR visual-
izes the aortic valve in motion and the entire configuration of 
the aortic arch. Unlike cardiac echo, CMR is not impeded by 
obesity or chest wall dimensions in obtaining accurate car-
diovascular images, and all patients with TS need to have at 
least one comprehensive CMR evaluation.

The pathophysiology of the cardiovascular defects in 
TS is unknown, but there appears to be a generalized vas-
culopathy [36] affecting major arteries and veins. The pro-
spective, evidence-based information available at present 
as well as a wealth of anecdotal reports [37, 38] indicate 
that women with TS are at greatly increased risk for aortic 
dissection or rupture even at aortic diameters that are in the 
normal range for normal size adults [39, 40]. Unfortunately, 
few ER staff members think of aortic dissection when a 
young woman complains of chest or back pain, and most 
cases go undiagnosed until it is too late. A very small per-
centage of individuals with TS should have proportionately 
small aortic diameters, and evaluation for aortic dilatation 
needs adjustment for body surface area. Bicuspid aortic 
valve, dilated aortic root, and hypertension are the major 
risk factors for aortic complications in TS as in the general 
population. Hypertension is found in ~40–50% of patients 

Table 19.2 Physical features of TS

Short stature 95%
Low post hairline 55%
High arched palate 60%
Multiple nevi 25%
Cubitus valgus 45%
Scoliosis 50%
Webbed neck 30%
Based on prospective examination of 300 participants in the NIH TS 
protocol 2001–2007
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with TS and is usually independent of renal or cardiovas-
cular anomalies [41]. The high blood pressure may be part 
of a dysautonomia and is also characterized by resting 
tachycardia, already detected in utero [42, 43] and reduced 
heart rate variability [44]. Perhaps related to sympathetic 
overactivity, the renin-angiotensin system (RAS) is hyper-
active in TS. Patients usually respond well to beta-adrenergic 
blockade and RAS inhibition. Given the risk of aortic 
dissection, it is highly critical to maintain good BP 
control.

Renal malformations are found in 20–30% of patients 
with TS. Horseshoe kidney, renal agenesis, and duplex col-
lecting systems are most common abnormalities [45, 46]. In 
the absence of obstruction of the collecting system, the renal 
anomalies are usually clinically insignificant. Chronic uri-
nary infections in a patient with TS mandate close investiga-
tion of the urologic anatomy. The prevalence of various 
medical problems among adults with TS is summarized in 
Table 19.3.

19.3  Care for Girls and Women with TS

19.3.1  Pubertal Induction

As noted above, 15–20% of girls with TS will undergo some 
spontaneous pubertal development [13, 47], but eventually 
~95% of the individuals with TS will have premature ovarian 
failure. FSH level can be measured at age 11 to help predict 
the likelihood of spontaneous development and prepare the 
parents and child psychologically for initiating estrogen 
treatment if necessary. If there is no sign of spontaneous 
pubertal development and FSH is elevated by age 11–12, 
estrogen therapy should begin. Unfortunately, there have 
been and most likely never will be controlled clinical trials 
aimed at optimizing the pharmacological protocol for puber-
tal induction in TS or in any girls with primary ovarian failure. 
The expert consensus in the pediatric endocrine community 
at present is that, pubertal induction should be as physiological 

Fig. 19.7 “Classic” Stigmata of TS. These photos are from the first 
report in 1930 of what later came to be called TS by a German physi-
cian, Otto Ullrich (with permission from Ref. [106]). Henry Turner, an 
academic physician from Oklahoma published a series of 7 similar 
cases in 1937 and was the first to treat TS females with estrogen [8]. 
The patient seen in this figure has neck webbing associated with low set 
ears, downsloping or hooded appearing eyes (a) and a low posterior 

hairline (b). These features are all secondary to stretching of the head 
and neck skin over cystic hygroma during fetal development, and tend 
to make the patient look dull, or unintelligent, which is not usually true. 
This patient, for example, obtained a PhD in biochemistry. She also 
demonstrates the elbow anomaly known as cubitus valgus, or “wide 
carrying angle,” in which she cannot hold the arms straight at her sides. 
In addition, she has a typical short 4th metacarpal (c)
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as possible because by trying to mimic natural puberty we 
are likely to do more good than harm [2]. Pubertal induction 
in girls with TS should begin with very small doses of (bioi-
dentical) 17-beta estradiol (E2) at 12 years of age. Delaying 
estrogen therapy until 15 years of age to optimize height pro-
motion by GH is not recommended. To quote from the recent 
guidelines, “This emphasis on stature tends to undervalue 
the psychosocial importance of age-appropriate pubertal 
maturation and may be deleterious to bone and other aspects 
of the child’s health [48–50].” Moreover, we now know that 
very low dose of estradiol does not interfere with GH’s posi-
tive effect on final adult height, so GH use may be continued 
for the first year on E2 [48, 51–53].

Parenteral forms of E2 are now considered to be more 
physiologic alternatives than traditional oral formulations 
[48, 52–54]. Low dose E2 patches that deliver 14 mcg/d are 
appropriate to begin with and more choices will likely arrive 
in the future. Depending on the starting age and individual 
tolerance and responsiveness, the dose may be doubled every 
6–12 months over a period of 2–4 years until full adult dos-
age is achieved (e.g., 14–25–50–75–100 mcg patches). 
Maximizing the time between the introduction of estrogen 
and starting progesterone is thought to enhance breast devel-
opment, thus it is advised to delay the addition of progester-
one for 2 years after starting estrogen or until breakthrough 
bleeding occurs [2]. By the same token, the common practice 
of starting a low-dose combined oral contraceptive in this 
circumstance may not offer the best outcome of breast or 
uterine development. Ideally, a parenteral form of natural 
progesterone should be used to induce regular menses during 
teenage years, as this will parallel the experience of teenage 
peers. As a practical matter, we now use oral progesterone to 
induce cycles. After high school, many young women prefer 

Fig. 19.8 TS Diagnosed With 2° Amenorrhea At Age 27. This figure 
shows a woman who had normal pubertal development, including 
menarche (Case 2). She went on oral contraceptives and continued 
them until her late mid 20s when she married and wanted to start a fam-
ily. No menses occurred after discontinuation of the oral contraceptives. 
Her parents and sibs were tall and at ~5¢1″ she is about 6 in. shorter than 
expected. Her karyotype is 45,X/46,XrX

Fig. 19.9 Magnetic Resonance Angiography Reveals Aortic Coarctation. 
The panel on the left shows a normal, smooth, “candy cane” shaped 
aortic arch. On the right, there is a focal narrowing just after the origin 
of the left subclavian a (which is abnormally dilated). The contrast 
agent was gadolinium

Table 19.3 Medical problems in TS

Primary ovarian failure 97%
1° amenorrhea 85%
2° amenorrhea 12%
Congenital heart 50%
Aortic coarctation 12%
Aortic valve disease 30%
Aortic root dilatation 22%
Autoimmune thyroid 60%
Hypothyroid 56%
Hyperthyroid  4%
Hearing loss 55%
Hypertension 42%
Liver disease 60%
Mild elevation LFT 33%
Fatty liver 31%
Gastrointestinal
IBD 5%
Celiac 5%
Intestinal telangiectasia 5%
Data from the NIH study for 200 adults (>17 years)
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convenience regimens that eliminate or reduce frequency of 
menses, and such alternatives are preferable to noncompliance. 
However, the use of conventional birth control pill with a 
“pill-free” week is not advisable. The pill-free week amounts 
to 3 months of estrogen deficiency each year, which is asso-
ciated with bone loss. Perhaps the 3-month cycle birth con-
trol regimen is preferable. The hormone regimen should be 
based on the individual preferences of each patient and usu-
ally involves a trial and error approach through the wide vari-
ety of products available.

It is important to educate each patient about the impor-
tance of continued estrogen replacement therapy until the 
time of normal menopause to maintain feminization and pre-
vent osteoporosis [50]. Failure to counsel the patient on the 
importance of compliance with estrogen treatment during 
adult years may have disastrous consequences, illustrated in 
Fig. 19.10. The patient needs to understand that clinically 
significant osteoporosis with fragility fractures, back pain, 
and height loss affects almost 50% of women who discontinue 
estrogen treatment prematurely [55]. To help insure adequate 
bone mineral accrual, teenage girls with TS should have a 
calcium intake of 1,200–1,500 mg per day. Vitamin D defi-
ciency is now a major concern, so a daily multivitamin that 
contains at least 400IU Vitamin D is recommended for girls 
and young women who do not go out in the sun on a regular 
basis. In addition to a healthy diet, daily exercise is to be 
encouraged. If the girl has congenital heart disease, her exer-
cise regimen needs to be approved by her cardiologist.

A few European studies suggested that conventional 
pubertal induction does not produce optimal development of 
the uterus in TS [56–59]. It is not clear from these studies 
whether impaired uterine development was due to delayed 
estrogen treatment, too low estrogen dosage, or use of andro-
genic progestins. There does not seem to be any inherent 
defect in uterine capacity in TS, since development is normal 
in TS girls with spontaneous puberty [56, 60]. Moreover, a 
recent study examining TS women in the U.S. found that 
adequate recent estrogen use was associated with relatively 
normal uterine size and configuration, regardless of age at 
initiation [61]. During the process of pubertal development, 
it is important to engage girls with TS in age-appropriate dis-
cussions on how TS and its treatment affect their sexual 
development and function and reproductive potential. For 
girls who seem ready for sexual activity, counseling about 
sexually transmitted diseases (and unwanted pregnancy for 
those with endogenous ovarian function) should also be pro-
vided. During this challenging phase of development, girls 
with TS may benefit greatly from involvement with special 
teen camps, mentoring programs, and peer support groups 
(info at https://www.turnersyndrome.org/.

19.3.2  Ovarian Hormone Replacement  
in Adults

Unfortunately, negative publicity about unwanted effects of 
hormone replacement in older postmenopausal woman has 
confused some practitioners and patients and many women 
with TS have discontinued ovarian hormone replacement 
(4). Our current ad hoc approach to this subject stresses the 
very low risk, high benefit ratio for the use of estrogen in 
young patients with ovarian failure with at least a 50% risk 
of clinically significant osteoporosis in those who discon-
tinue estrogen at a young age. [55]. We emphasize the excel-
lent safety record of many millions of woman-years use of 
oral contraceptive, the importance of estrogen for bone, and 
the need for estrogen effect upon the genitourinary system 
for adequate sexual function. We promote the physiological 
aspects of transdermal estradiol and its proposed relative 
safety in regard to thrombosis risk [62], which may be 
increased in TS [63–65]. We aim to parallel the normal life 
cycle patterns of estrogen exposure, using a higher dose 
(e.g., 100 mcg patch) during young adulthood, and decreas-
ing to 50 mcg patches by 35–40 years with further reduction 
and cessation by age 45–50 years for most women. Of note, 
the use of estrogen to treat premature ovarian failure is much 
more liberal in Europe, where use of 4 mg oral E2 is not 
uncommon. Given the current preference for “natural” prod-
ucts, we recommend progesterone rather than any deriva-
tive, with cycling on a monthly or tri-monthly basis. These 

Fig. 19.10 X-rays from two 30-year-old women with TS. Both have 
45,X karyotypes, both had primary amenorrhea and started on estrogen 
at age 12. The woman whose X-ray is seen on the left discontinued 
estrogen during college and the one on the right continued estrogen use 
to the present day. The one on the left lost 2 in. in height and has verte-
bral wedging and dorsal kyphosis (dowager’s hump). Her vertebral 
BMD T-score was –4

https://www.turnersyndrome.org/
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recommendations are not based on controlled clinical stud-
ies, but represent our best attempts to reconcile our patients’ 
concerns, available medical data, and expert opinion [2]. 
The major contraindications to estrogen use in women with 
TS are similar to those for women in general, i.e., history of 
gynecological cancer, history of thrombosis or known clot-
ting disorder, and possibly, familial breast cancer risk. 
Women with TS have significantly low androgen levels [66] 
and might benefit from the use of a low dose testosterone 
patch designed for women, but this has not yet been evalu-
ated in any clinical study.

19.3.3  Psychosocial Concerns

The great majority of individuals with TS have normal intel-
ligence although focal deficits in visual spatial cognition and 
organizational skills are noted [67, 68]. Many parents of girls 
with TS are now enthusiastic about defining specific “non-
verbal learning disabilities” and attention deficit disorders 
in their daughters who will qualify for special education 

resources. This trend is despite the fact that earlier genera-
tions of TS patients have distinguished educational achieve-
ments with average years of formal education exceeding that 
of the general public [55, 69, 70]. Despite academic achieve-
ments, many women with TS have social difficulties [71]. 
Major psychiatric diagnoses are not increased in TS, except 
for depressive episodes, which occur with the same fre-
quency seen in 46,XX women with infertility [72]. Women 
with TS express significantly higher levels of shyness and 
social anxiety and reduced self-esteem compared with nor-
mal female controls, but nearly identical to feelings expressed 
by 46,XX women with spontaneous premature ovarian fail-
ure, illustrated in Fig. 19.11 [73]. During open-ended inter-
views, this same group of women with TS reported that 
dealing with premature ovarian failure and loss of fertility 
was the most difficult part of having TS [74]. These observa-
tions suggest that the experience of premature ovarian failure 
and infertility cause symptoms of shyness, social anxiety, 
and poor self esteem.

Girls and women with TS, typically have a female pattern 
of gender identity, but make their sexual debut later than 
their peers and may be less likely to marry [71, 75, 76]. 

Fig. 19.11 Shyness, Social Anxiety And Impaired Self Esteem In 
Women With Premature Ovarian Failure. Surveys measuring these 
symptoms were administered to 100 women with TS, 100 women with 
46,XX premature ovarian failure and 37 age-matched normal cycling 

female volunteers. The scores for both 45,X and 46,XX groups with 
premature ovarian failure show significantly greater shyness, social 
anxiety and depression and less self-esteem compared with control 
women. Adapted from [73]
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The Derogatis Interview for Sexual Functioning adapted for 
females was administered to 100 women, average age 37 
years (range 18–59), participating in the NIH TS study [77]. 
Sexual interest and fantasy scores were completely normal in 
the TS group. Sexual activity was near control levels in the 
partnered group (~30%), but practically nil among unmar-
ried women [77]. Further study is needed to elucidate the 
nature of psychosocial impediments affecting establishment 
of partner relations and sexual functioning in women with 
TS. Several reports suggest that delayed pubertal develop-
ment and miscommunications about the diagnosis and its 
meaning for sexual and reproductive functions, contribute to 
poor self esteem, social difficulties, and impaired or absent 
sexual functioning in TS [76, 78, 79]. Thus, it is possible that 
improving the management of pubertal development and 
providing honest and sensitive education and two-way com-
munication about sexual aspects of the syndrome may 
enhance the quality of life for women with TS in the future. 
Psychosocial support for the individual with TS and family 
is critical to successful medical management, and helping 
them to connect with others with TS through the Turner 
Syndrome Society, USA. (https://www.turnersyndrome.org/) 
or other means is extremely important.

19.3.4  Pregnancy in TS

Spontaneous pregnancies are reported in women with TS, 
most often in mosaic individuals with a high percentage of 
normal cells. Indeed, the widely quoted high rate of ~7% 
reported in Birkebaek et al. [80] included women with less 
than 10% abnormal cells, so the diagnosis of TS is somewhat 
doubtful. Nevertheless, pregnancy does occur in a small 
number of women with TS, including some with apparent 
nonmosaic 45,X karyotypes [81], or a mosaic 45,X/46,XY 
karyotypes [82] and some that had elevated gonadotropins 
and had been on HRT [83, 84]. The number of such pregnan-
cies is too small and scattered to allow accurate statistical 
assessment of risk and outcome, but case reports indicate 
increased risk for C-section, hypertension, and aortic dissec-
tion for the mothers [84]. The outcome of live-born infants, 
according to compilation of case reports, suggests a high 
incidence of chromosomal and morphological anomalies 
[14]. However, a recent report found that of 64 live children 
born to TS mothers, 24 had postnatal karyotypes; 19 were 
normal, and most abnormal results came from a mother with 
a 46,XdelXp karyotype who passed the deletion to her 
daughters [80]. There were no cases of Down’s syndrome or 
other chromosomal anomalies in this series.

Although early reports suggested a poor response to 
embryo implantation in TS, improvement in hormonal 
preparation of the endometrium has apparently resulted in 

implantation rates equal to non-TS patients [85]. However, 
a recent review of women with TS participating in oocyte 
donation programs in the U.S. in 1997 found that of 146 
women treated, 101 (69%) became pregnant; 94 of these 
pregnancies resulted in the birth of a live baby, for a mis-
carriage rate of only 6.4% [86]. While this shows a good 
rate of pregnancy, it was found that only ~50% of TS 
patients had a screening echocardiogram prior to fertility 
treatment. While no deaths or major complications 
occurred in the reviewed cases, the authors projected a 
mortality rate of 2.1% based on a world literature review 
[86]. This report was followed by a practice alert from the 
American Society for Reproductive Medicine [87] warn-
ing of a 100-fold increased risk for death in women with 
TS attempting pregnancy, and stating that TS “is a relative 
contraindication to pregnancy.” Importantly, the warning 
stresses the necessity for full cardiac evaluation prior to 
attempting pregnancy. [87].

This is a troublesome dilemma, since the desire to experience 
life as a normal woman and start a family based on carrying 
a child to term is a very strong motivation for many young 
women with TS. The most intensive cardiac evaluation and 
current imaging technology indicate that ~50% of individu-
als with TS have some cardiovascular involvement. If these 
patients are identified at a young age, they can be counseled 
on alternatives to pregnancy from the early stages of pubertal 
development. For the ~50% of young women who have no 
apparent cardiovascular disease, the prospects for assisted 
pregnancy should be addressed on a case by case basis with 
full disclosure of potential risks.

19.3.5  General Medical Care for Adults  
with TS

Most women with TS are getting primary medical care from 
family practitioners or gynecologists. Given the many gyne-
cological, or “women’s health” issues involved in TS care 
(pubertal induction, feminization, sex education, impaired 
sexual functioning, coping with infertility, maintenance 
HRT, assisted pregnancy, and osteoporosis) the latter may be 
more appropriate. There is a host of chronic medical prob-
lems affecting women with TS, but most respond well to 
treatment and the patients are generally motivated and com-
pliant. Major medical conditions occurring with high fre-
quency in women with TS are summarized in Table 19.3 and 
a medical care plan is outlined in Table 19.4.

Sensorineural hearing loss affects many young adults 
with TS, worsens with age and has a significant adverse 
impact on quality of life [88]. Thus, regular audiological 
testing and aggressive promotion of hearing aid use are 
important for women with TS. Autoimmune thyroid disease 

https://www.turnersyndrome.org/
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– usually Hashimoto’s thyroiditis but occasionally Grave’s 
disease – is greatly increased in prevalence in TS, affecting 
at least 50% of adults [89]. Other forms of autoimmunity that 
may be slightly increased in TS are celiac disease [90], 
inflammatory bowel disease, [91] and juvenile rheumatoid 
arthritis [92]. These entities are, however, very rare in the 
well-characterized NIH study population. About 40% of 
women with TS demonstrate mild to moderate elevation of 
hepatic transaminases TS [93]. The etiology of liver disease 
in TS may be heterogeneous, with some cases primarily vas-
cular and others related to fatty infiltration [94]. Progression 
to clinically significant liver disease is relatively rare, at least 
as reported in the medical literature [94]. It is possible that 
the increasing prevalence of fatty liver may interact with the 
underlying TS liver pathology to create a more toxic condition. 
The abnormal liver function tests are not a contraindication 
to estrogen use in these patients; in fact, oral estrogens gen-
erally moderate transaminase levels in TS [93, 95].

Obesity, diabetes, and dyslipidemia are major challenges 
for many women with TS. It has frequently been observed 
that women with TS seem prone to obesity [95–97] and par-
ticularly to a central or android fat distribution [98]. Not sur-
prisingly, there is also a high prevalence of dyslipidemia and 
type 2 diabetes mellitus in TS. The predisposition to meta-
bolic problems seems to predate the onset of obesity [99], 
but is aggravated with excess adiposity. Women with TS, 
however, do not demonstrate marked insulin resistance and 
are actually relatively insulin sensitive for their degree of 
adiposity [99, 100]. Thus, diabetes in most women with TS 
is relatively easily controlled with diet, strictly avoiding 
refined carbohydrates, and by doing exercise. When diet and 
exercise do not suffice, usually a single agent such as met-
formin is effective. Lipids may benefit from diet and exercise 
as well, but frequently a statin is necessary to get the LDL 
cholesterol to a desirable level. Many women with TS have 

several risk factors for atherosclerotic coronary artery dis-
ease, e.g., hypertension, diabetes, and dyslipidemia, and thus 
the LDL cholesterol should be below 120 mg/dl.

19.3.5.1  Osteoporosis

Skeletal demineralization has been described in girls and 
women with TS since the first descriptions of the disorder. 
However, many past studies of bone mineral density (BMD) 
in TS were confounded by small skeletal size and variable 
estrogen exposure. Recent studies taking bone size into 
account suggest that trabecular bone mineralization, e.g., 
BMD at the lumbar spine and ultra distal radius, is actually 
normal in women who have used estrogen consistently begin-
ning by their mid-teens [101]. Cortical bone, e.g., the radial 
shaft and femoral neck is, however, significantly abnormal 
and often in an osteoporotic range in these women [102, 
103]. Appendicular fractures are increased in young women 
with TS, suggesting that the observed thinness of cortical 
bone reflects fragility as well [104]. Certainly, the fracture 
risk is expected to increase with age. Unfortunately, it seems 
that bisphosphonates and parathyroid hormone have mini-
mal impact on cortical BMD [105]. Moreover, all safety and 
efficacy data for these agents apply only to older postmeno-
pausal women. It is really unknown whether they are effec-
tive at all in TS, or whether the safety profile when used in 
young women will be acceptable. Thus, it seems wise to 
reserve the use of these potent agents for older patients who 
appear at great risk, or younger women who have atraumatic 
fractures. Further study is required to determine whether the 
reduction in cortical bone is an intrinsic feature of TS per-
haps related to haploinsufficiency for SHOX or another 
X-linked gene, or due to deficient estrogen during childhood 
and the early teens. Current recommendations to begin 

Table 19.4 Care plan for adult with TS

System Baseline test(s) Follow-up Comments

Cardiovascular – refer 
to CHD specialist

Cor exam, BP in all extremities, ECG, 
Echocardiogram, MRA

Per cardiology 50% will have some 
CHD

Blood pressure BP Every visit Critical if CHD
Renal Renal ultrasound Only if abnormal
Thyroid TSH Annual
Liver LFTs Annual LFTS US if obese
Lipids Lipid panel Annual lipids
Diabetes BMI, waist, FBS Annual waist, FBS
Bone health DXA BMD At time of menopause transition or prn
Hearing Audiology, ENT Audiology Q3–4 years
Sexual health Evaluate knowledge, activity, 

contraception
Annual or prn Counseling, support groups

Psychosocial Assess social anxiety, depression Annual or prn
Adapted from [2]
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low-dose estrogen treatment earlier may clarify this issue. 
Another untested possibility is that cortical bone deficiency 
in TS is related to hypoandrogenism in TS. Prophylactic 
treatment of low cortical BMD in young women with TS 
with bisphosphonates is not warranted since it is unknown if 
the low cortical BMD predicts fractures in young or middle-
aged physically active adults, and since these agents have 
little if any effect on cortical bone. Evaluation of a new 
patient should include history of estrogen use and any other 
factors that pertain to bone health, history of nontraumatic 
fractures and/or height loss and a baseline DXA. Low scores 
are predictable in women less than 4¢10″ tall, but can serve as 
the patient’s baseline to measure effects of lifestyle interven-
tions, such as weight bearing, low impact exercise programs, 
calcium and Vitamin D supplementation, and changes in 
estrogen use.

19.4  Summary: Evidence-based Guidelines

19.4.1  Diagnosis and Care for Girls  
and Women with TS

 1. Girls/young women with hypergonadotropic hypogonad-
ism and short stature presenting with 1° or 2° amenorrhea 
need sex chromosome analyses

 2. All newly diagnosed patients with TS needs comprehen-
sive medical evaluation with special focus on the cardio-
vascular system
 (a) Cardiology consult, echo, MRA, ECG
 (b) Renal ultrasound
 (c) Thyroid, liver function tests
 (d) Celiac screen, lipid panel
 (e) Audiology

 3. Pubertal induction: Absent pubertal development, ele-
vated FSH by age 11–12:
 (a) Begin low dose transdermal estradiol, gradually 

increasing over 2–3 years, adding progesterone 
when bleeding occurs or when adult dose E2 is 
reached

 (b) Attend to psychological aspects of premature ovar-
ian failure and educate on importance of estrogen 
therapy

 4. Transitioning from pediatric to adult care, a young woman 
with TS should have:
 (a) Cardiac MRA to establish adult cardiac status and 

aortic diameters
 (b) BP evaluation; Rx HBP with beta blocker, RAS inhibitor
 (c) DXA to establish baseline BMD
 (d) Begin annual testing of liver, thyroid, and metabolic 

function

 (e) Address social and sexual functioning with referral to 
counseling if needed.

 5. Maintenance estrogen therapy for young adults 20–35 
years should be at least 100 mcg/day transdermal estra-
diol (=1.25 mg conjugated equine estrogens, 2 mg oral 
estradiol, 10 mcg ethinyl estradiol) cycled with 
progesterone.

 6. Implement bone health regimen, including low impact weight-
bearing exercise, calcium and Vitamin D supplements.

 7. Women with any congenital cardiovascular defects or 
hypertension should be counseled against attempting 
pregnancy. Women without apparent risk factors still need 
a current cardiovascular evaluation immediately prior to 
attempting pregnancy. If pregnancy is achieved, they 
should be supervised by high-risk pregnancy specialists 
as latent tendency for vascular compromise, hypertension, 
and diabetes may be expressed during pregnancy.

19.5  Clinical Cases

19.5.1  Case 1

19.5.1.1  A “Severe” Case of TS Diagnosed In Utero

A community obstetrician asks about prognosis of a mid 
trimester pregnancy with bilateral cystic hygromata. 
Amniotic karyotype done because of the abnormal fetal US 
was 45,X.

Figure 19.11 shows the excellent outcome of one such 
pregnancy. This 18-year-old college freshman was the prod-
uct of a gestation complicated by bilateral cystic hygromata 
and oligohydraminos. The cytogenetic testing revealed a 
nonmosaic 45,X karyotype. At birth she had moderate web-
bing of the neck and mild peripheral lymphedema. The 45,X 
karyotype was confirmed on the infant’s peripheral blood 
analysis. She did well, and was treated with growth hormone 
achieving an adult stature of 5¢1″. She had premature ovar-
ian failure with an elevated FSH, and was started on estrogen 
to induce pubertal development at age 12. She has had cos-
metic surgery to reduce neck webbing and improve jaw line. 
Her social and intellectual development is normal. She has 
an asymptomatic bicuspid aortic valve that requires cardiol-
ogy follow-up on a regular basis, but her health and QOL are 
excellent Fig. 19.12.

The response to the community provider should be that 
the risk of spontaneous fetal demise is high, probably ~90%. 
Live-born girls may have congenital heart defects and cos-
metic issues related to the fetal lymphedema, but with mod-
ern medical and surgical management may have excellent 
quality of life and academic achievement.
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19.5.2  Case 2

19.5.2.1  A “Mild” Case of TS Diagnosed at Age 27

A 27–year-old G0 P0 woman came for evaluation of infertil-
ity (Fig. 19.7). She had normal pubertal development, menar-
che at age 12 but menses were irregular. She went on BCP at 
age 16 to normalize periods and continued use until she 
wanted to become pregnant at age 25. She did not have a 
menstrual period. After 6 months, she went to a gynecologist 
who measured FSH of 63. Further investigation revealed that 
although at ~5¢1″ she was not extremely short; she was a few 
inches shorter than her mother and ~6″ shorter than her sis-
ter. She had a high arched palate, low posterior hairline, and 
multiple nevi. Her karyotype was 45,X[42]/46,XrX[8].

She clearly has TS with 2° amenorrhea (masked for years 
by BCP). She actually has short stature for her genetic poten-
tial, and additional characteristic signs, i.e., high palate, low 
hairline, and multiple nevi. The karyotype is mostly 45,X 

with a second abnormal cell line containing a ring X chro-
mosome. Thus, her mild phenotype is not explained by high 
grade mosaicism for normal cells. The relatively mild pheno-
type is typical of many individuals with TS, leading unfortu-
nately to delayed diagnoses. She needs a further work up at 
this time, especially to examine the cardiovascular system 
with cardiology consultation. Additional screening tests are 
summarized in Table 19.3.
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Abstract Errors in chromosome segregation occurring 
during human oogenesis and early embryogenesis are 
very common. Meiotic chromosome development during 
oogenesis is subdivided into three distinct phases. The 
crucial events, including meiotic chromosome pairing 
and recombination, take place from around 11 weeks 
until birth. Oogenesis is then arrested until ovulation, 
when the first meiotic division takes place, with the 
second meiotic division not completed until after fer-
tilization. It is generally accepted that most aneuploid 
fetal conditions, such as trisomy 21 Down syndrome, 
are due to maternal chromosome segregation errors. 
The underlying reasons are not yet fully understood. It 
is also clear that superimposed on the maternal meiotic 
chromosome segregation errors, there are a large number 
of mitotic errors taking place post-zygotically during the 
first few cell divisions in the embryo. In this chapter, we 
summarise current knowledge of errors in chromosome 
segregation during oogenesis and early embryogenesis, 
with special reference to the clinical implications for 
successful assisted reproduction.

Keywords Oogenesis • Embryogenesis • Chromosome  
segregation • Nondisjunction • Meiotic recombination • MLH1 
• Crossing-over • Chiasma • Aneuploidy

20.1  Introduction

20.1.1  Meiosis

Meiosis, derived from the Greek for diminution, means to 
halve. The process of meiosis halves the chromosome num-
ber of a diploid cell during gametogenesis, producing hap-
loid gametes. This involves two cell divisions (meiosis I and 
meiosis II; Fig. 20.1, Table 20.1) without an intermediate 
DNA replication step. The first of these meiotic cell divi-
sions is reductional, i.e., the chromosome complement of a 
diploid oogonial cell/primary oocyte is halved leading to 
haploid secondary oocytes. During the second meiotic divi-
sion, chromatids separate in the same way as in mitosis, thus 
the chromosome number is not changed (Table 20.1). Fusion 
of a haploid sperm cell and a haploid oocyte at fertilization 
restores the somatic diploid chromosome number.

The process of meiosis is evolutionarily conserved from 
yeast to man, though with marked differences between sexes 
of the same species and between different species.

20.1.2  Differences in the Meiotic Process 
Between the Human Male and Female

There are drastic differences in the meiotic process between 
human males and females (Table 20.2). In particular, the tim-
ing of events, the numbers of gametes produced and the level 
of chromosome abnormalities in sperm compared to oocytes 
are very different.

20.1.2.1 Timing of Meiotic Events

In the human male, the testicular premeiotic spermatogonia 
start dividing mitotically at puberty. The meiotic process, 
including the reductional division at meiosis I, the equa-
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tional division at meiosis II followed by maturation of sper-
matids to spermatozoa is ongoing in the testes throughout 
life. In the human female, however, meiosis is subdivided 
into three separate stages. The first part of meiosis I, i.e., 
prophase I (Table 20.1), takes place in fetal ovaries and con-
tinues until birth, at which time meiosis is arrested, and is 
not continued until ovulation. The second part of the reduc-
tional division of meiosis I takes place just before ovulation, 
and the process continues into the second meiotic division. 

Meiosis is then arrested again, at the metaphase II (MII) 
stage (Table 20.1). The anaphase and telophase stages of the 
second meiotic division are not completed until after the 
oocyte has been penetrated by the spermatozoon at 
fertilization.

The study of the meiotic chromosome behavior in 
human males is much more advanced than that in females, 
as the difference in timing of meiosis between the sexes 
means it is much easier to obtain tissue material from 
males. Testicular biopsies of post-pubertal men have 
yielded large amounts of data. However, in females, biop-
sies of fetal ovaries, individual oocytes at the metaphase I 
(MI) stage (prior to ovulation) and individual oocytes 
arrested at the MII stage (post-ovulation and pre-fertiliza-
tion) are scarce and difficult to obtain for study. Accordingly, 
a large body of knowledge has accumulated over the last 
40 years or so, of the meiotic chromosome behavior of 
normally fertile men and those with reproductive problems 
(see Chap. 22). The situation is very different in the human 
female. It is only within the last decade that technology has 
been developed to allow the relevant investigations of chro-
mosome behaviour in fetal ovaries and the meiotic divi-
sional stages occurring at ovulation and following 
fertilisation. Meiotic investigations of chromosome behav-
iour in human fetal ovaries have been performed by few 
research groups, while chromosome analysis of the meio-
sis divisional stages has primarily been undertaken as 
research projects within a number of Assisted Conception 
Units.

20.1.2.2  Frequency of Gametes Produced

With respect to availability of material for study, it should 
also be noted that there are incredible differences in gam-
ete production between sexes. There are normally at least 
300 million spermatozoa produced daily in post-pubertal 
human males, which stands in sharp contrast to the meager 
production of around 300–400 oocytes in the lifetime of 
human females.

20.1.2.3  Incidence of Meiotic Chromosome Errors

For reasons not yet fully understood, errors in meiotic chro-
mosome behaviour giving rise to aneuploidy in offspring are 
more common in the human female than in the male. 
Remarkably, these errors are much more common in the 
human female than in any other species investigated to date. 
The reason for this species difference also remains unknown 
and requires further study.

Fig. 20.1 Schematic illustration of meiosis, where following 
 homologous chromosome synapsis, and crossing-over at the Pachytene 
stage of prophase I, the derivative bivalents at metaphase I progress to 
metaphase to anaphase I, metaphase II to anaphase II, and telophase II 
showing the four potential haploid gametes
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Table 20.1 Features and timing of meiotic stages in oogenesis (adapted from Hultén et al. [65])

Stage Subdivision Features

Fetal Meiosis I Prophase I DNA replication of each chromosome produce sister chromatids joined at 
the centromereDevelopment

Leptotene Chromosome condensation begins, formation of the lateral elements of the 
synaptonemal complex

Zygotene Chromosomes pair, completion of the synaptonemal complex
Pachytene Chromosomes fully paired, crossing-over completed and chiasmata fully 

established
Diplotene Initiation of separation of the synapsed chromosomes, meiosis arrested at this 

stage until ovulation
Adolescence 
ovulation

Prometaphase I Diakinesis Chromosomes condense and separate, except at chiasma sites

Metaphase I Homologous chromosomes align on the equatorial plate, the kinetochores 
attach to the spindles

Anaphase I Homologous pairs separate, sister chromatids remain together
Telophase I Two daughter cells form

Meiosis II Prophase II Nuclear envelope dissolves, new spindle created
Metaphase II Chromosomes align on the spindle

Fertilization Anaphase II Centromeres separate, sister chromatids migrate to opposite poles
Telophase II Cell division results in four potential haploid gametes from each parent cell

Table 20.2 Main differences between oogenesis and 
spermatogenesis (adapted from Hultén et al. [65])

Oogenesis Spermatogenesis

Can take over 40 years, few oocytes 
progress to the final stages, most 
are lost before birth

Continuous process from 
puberty throughout 
life

Two unequal cell divisions with most 
cytoplasm retained in the oocyte 
and only a minor part forming the 
first and second PBs. Thus only 
one mature egg is produced from 
each parent cell

All divisions are equal and 
each parent cell produces 
four gametes

Oocyte numbers appear to be 
limited to those present at birth, 
with approximately 350 
ovulating between puberty and 
the menopause

Continual supply of gametes

Interstitial initiation of chromosome 
synapsis is more common

Chromosome synapsis is 
initiated telomerically

Poor efficiency of obligate chiasma 
formation

Efficient obligate chiasma 
formation

Higher chiasma frequency Lower chiasma frequency
Synaptonemal complexes are 

relatively decondensed, 
associated with higher chiasma 
frequency

Condensed synaptonemal 
complexes, associated 
with lower chiasma 
frequency

20.1.3  Content of this Chapter

In this chapter, we will summarise current knowledge of errors 
in chromosome segregation during oogenesis and early 
embryogenesis, with special reference to the clinical impli-
cations for successful assisted reproduction. The main prob-
lems occurring during oogenesis are: (a) errors in meiotic 

chromosome pairing and recombination at the meiosis I 
prophase; (b) insufficient elimination of chromosomally 
abnormal oocytes during the meiotic chromosome pairing 
stage; and (c) abnormalities in segregation of chromosomes 
at the anaphase I (AI) and anaphase II (AII) stages. The first 
two of these problems may be investigated in fetal ovaries, 
while the segregation errors can only be analyzed on isolated 
oocytes at the MI stage captured at ovulation and when 
arrested at the following MII stage. Crucial information may 
also be obtained by investigation of the results of AI chromo-
some segregation, i.e., the secondary oocyte and the first polar 
body (PB). As evidenced from the analysis of chromosome 
constitution in early embryos, there is also a high frequency 
of post-zygotic mitotic chromosome segregation errors.

20.2  Investigation of Meiotic Chromosome 
Behaviour in Fetal Ovaries

Primordial germ cells are the gametic precursors. Around the 
fifth week of pregnancy, they migrate to the area of the geni-
tal ridge. Subsequently, sexual differentiation occurs and, in 
females, ovarian development begins. Oogonia, the precur-
sors of oocytes, increase in number following cellular divi-
sion to become oocytes. The proliferation of cells is then 
arrested and the oocytes begin the first stages of meiosis at 
around 10–11 weeks of gestation, which continues until birth 
(Fig. 20.2) [1]. It is at the prophase of the first meiotic cell 
division (Table 20.1) during this early fetal developmental 
stage, that the crucial events of crossing-over, chiasma for-
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mation and recombination of parental alleles take place. As 
human fetal ovarian material is difficult to obtain, less knowl-
edge is available from direct microscopy analysis of cross-
ing-over, chiasma formation and recombination in the human 
female than in the male. Nevertheless, both direct investiga-
tion of fetal ovarian oocytes and indirect studies of recombi-
nation by family linkage analysis have demonstrated that 
meiotic recombination errors, leading to aneuploid oocytes, 
are common in the human female.

It is important to note that the meiotic recombination pro-
cess in oocytes can be studied in three very different ways, 
depending on their stage of maturation. First, crossover fre-
quency and distribution along the lengths of individual chro-
mosomes can be identified in fetal oocytes by analysis of the 
meiotic chromosome pairing structure, the synaptonemal 
complex (SC) using immunofluorescence against recombi-
nation proteins [2–6]. Second, there is the potential to iden-
tify crossover frequency and distribution in the form of 
chiasmata at the MI stage [7]. Third, it is also possible to 
estimate crossover frequency and distribution indirectly by 
family linkage analysis [8–10].

20.2.1  Analysis of Meiotic Crossovers in Fetal 
Oocytes

Meiosis in fetal oocytes starts with pairing of the maternal 
and paternal homologous chromosomes along their entire 

length. This pairing is mediated by a meiosis-specific protein 
structure, the Synaptonemal Complex (SC; Fig. 20.3). 
Meiotic crossover points may be directly visualized by 
immuno-fluorescence microscopy analysis of the SC in fetal 
oocytes from around 12 to 24 weeks’ gestational age. The 
visualization of the crossover/chiasma/recombination points 
has been made possible by the use of (commercially avail-
able) antibodies against the recombination proteins MLH1 
and MLH3 (Fig. 20.4).

20.2.2  Oocyte Crossover Patterns

Meiotic crossover patterns in human fetal oocytes can vary 
significantly [2–6; Cheng et al 2009]. In a study of 95 oocytes 
from one fetus, a mean of 70.3 (range 48–102) recombina-
tion events per oocyte were detected. Chromosomes lacking 
a recombination focus altogether were also described [4]. A 
more detailed analysis indicated that fetal oocytes with 
defects in the formation of the SCs, such as incomplete pair-
ing or breakage, were predisposed to recombination defi-
ciency [4]. A study of 131 oocytes from nine cases [3] also 
described large variation between individual cases (range 
10–107). It was concluded that if such variability persisted 
throughout development and into adulthood, that as many as 
30% of human oocytes would be predisposed to aneuploidy, 
i.e., an abnormal chromosome number [3]. This is because 
the bivalents would lack a crossover site between the mater-
nal and paternal homologues leading to the absence of a chi-
asma, which would normally hold them physically together at 
MI. Thus, the maternal and paternal chromosomes would not 
be able to orient stably at the metaphase plate in relation to 

Fig. 20.3 Schematic illustration of the proteinaceous Synaptonemal 
Complex (SC). During meiosis I, taking place in fetal oocytes, the two 
homologues are paired along their entire length, held together by a 
number of meiosis-specific proteins (cohesins, blue and red ). The pro-
cess of crossing-over (black dot) takes place within the center of the SC. 
Note that most of the chromatin (blue) is not exposed within the SC

Fig. 20.2 Changes in human oocyte number (million) during prenatal 
and postnatal development. There is a very rapid increase in human 
female germ cell (oocyte) number early during fetal development 
with a peak at 7 months gestational age, followed by a relatively rapid 
decline before birth and postnatally before puberty, but a slower deple-
tion during reproductive years until menopause
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the spindles, an obligatory mechanical requirement for the 
normal reductional chromosome segregation at AI. 
(Fig. 20.5a). Instead they would be expected to segregate ran-
domly at AI (Fig. 20.5b). By chance, 50% of the two daughter 
cells, i.e., the secondary oocyte and the first PB would then 
contain both maternal and paternal chromosomes, while the 
remaining 50% would contain neither. Thus, if the original 
bivalent had been “achiasmatic” the secondary oocyte and the 
corresponding first PB would be expected to be aneuploid in 
50% of cases. There is also the possibility that the half chro-
mosomes (chromatids) of an unpaired chromosome (univa-
lent) would segregate in the same way as at mitosis, leading 
to an extra chromatid in either the secondary oocyte or the 
first PB (Fig. 20.5c).

20.2.3  Natural Elimination of Abnormalities

The majority of fetal oocytes are eliminated during fetal and 
postnatal life, with only a small minority reaching ovulation 
and thus meiotic MI–AI stages (Fig. 20.2). There is evidence 
to suggest that natural selection against oocytes containing 
abnormalities in homologous chromosome pairing and 
crossing-over takes place during fetal development, leading 
to delay in their maturation or deletion by atresia and apop-
tosis [4]. This type of selection may also continue after birth 
until the onset of ovulation in adulthood. There is a paucity 
of data describing patterns of recombination in immature 
oocytes, comprising the ovarian reserve in adult women. 
These data could be obtained by analysis of chiasmata at the 
MI stage, as has been performed in spermatocytes (Fig. 20.6a). 
However, the scarcity of oocyte material available for study, 
combined with the limited clarity of chiasmata in oocytes 

compared to spermatocytes at this stage (Fig. 20.6b) [7] still 
presents challenges for obtaining this information. Chiasma 
analysis at the MI stage would also allow evaluation of the 
extent of delay and elimination by atresia and apoptosis 
oocytes exhibiting crossover errors during oocyte maturation 
from fetal life to adulthood.

20.3  Meiotic Crossover Errors Detected  
by Family Linkage Analysis

Meiotic crossover errors in the human female have also 
been investigated indirectly by linkage analysis, using DNA 
samples from both parents and children [8, 9]. Patterns of 
allelic recombination are then determined by using DNA 
markers along the length of individual chromosomes, 
including the chromosomes for which aneuploidy is com-
mon: 21 (Down syndrome), 18 (Edwards syndrome), 13 
(Patau syndrome) and the sex chromosomes X and Y (e.g., 
Klinefelter and Turner syndromes). These studies have 
demonstrated that the outstanding majority of autosomal 
trisomies originate from recombination errors taking place 
during maternal oogenesis. However, errors in parental 
oogenesis as well as spermatogenesis give rise to the 
Klinefelter and XXX syndromes.

20.3.1  Linkage Analysis of Trisomy 21

It has been concluded from linkage analysis of families with 
a case of Down syndrome that lack of recombination during 

Fig. 20.4 Imaging the Synaptonemal Complex (SC) in a spermatocyte 
(a) and an oocyte (b) MLH1 foci are seen in yellow, the centromeres in 
the spermatocyte in magenta, and the SCs by SYCP3 staining in red. 

Note that the chromosome pairs (bivalents) are shorter in the spermato-
cyte than in the oocyte; and there are also a lower number of MLH1 
foci/crossover points/chiasmata/recombination foci
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maternal oogenesis account for approximately half of all 
cases associated with chromosome nondisjunction at AI. 
Aberrant positioning of chiasmata (more distal or proximal 
than normal) on the long arm of chromosome 21 has also 
been detected and identified as a putative causal factor [8, 9]. 
Much effort has gone into explaining why such positioning 
would increase the risk for nondisjunction at AI [8–10]. The 
mechanism underlying this process remains to be elucidated; 
however, it should be noted that the same distal chiasma site 
on chromosome 21 is prevalent in human males and is not 
associated with a high rate of nondisjunction.

It was initially thought that the well-known maternal age 
effect in risk of having a child with Down syndrome (Fig. 20.7) 
was due to changes in patterns of maternal meiotic recombi-
nation. More recently, it has been clearly demonstrated that 
this is not the case, and a so-called two-hit hypothesis has 
been suggested to explain the maternal age affect. This postu-
lates that bivalents with the vulnerable chiasmata positions 
are less readily handled by the AI machinery as women grow 
older. It has been suggested that one explanation could be 
age-related impairment of the binding of homologous grand-
parental chromosomes by the protein cohesin, with an 

Fig. 20.5 Cartoon illustrating the different types of meiosis I segrega-
tion that may take place in a normal disomy 21 oocyte. (a) Normal 
chromosome pairing and crossing-over, attachment of the movement 
centers (kinetochores) at metaphase 1 and separation at anaphase 1. (b) 
Lack of crossing-over and chiasma formation may lead to primary 

nondisjunction at anaphase 1. (c) Lack of a chiasma can also lead to 
the same type of segregation at anaphase 1 as during mitosis (preco-
cious meiotic disjunction). (Printed with permission from Hulten et al., 
Molecular Cytogenetics 2008, 1:21. doi:10.1186/1755-8166-1-21)
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Fig. 20.6 Chromosomes at metaphase I in a spermatocyte (a), and an oocyte (b), Chiasmata can be reliably identified and counted in the 
spermatocyte, but this presents more difficulty in the oocyte

Fig. 20.7 Birth rate of T21 in relation to maternal age. The so-called 
maternal age effect was first recognized by Penrose in 1934, and has 
since been seen without much variation in different countries around 
the world

increased risk for primary nondisjunction of the two chro-
mosomes 21 at AI (Fig. 20.5b, c) [10]. Most recently, it has 
been suggested that the maternal age effect is a multifactorial 
trait, and may be influenced by environmental factors [8, 9]. 
Another intriguing possibility is that normal women may be 
trisomy 21 ovarian mosaics [11–13] with the potential for 
oocytes containing three chromosomes 21 accumulating dur-
ing maturation and when reaching MI undergoing obligatory 
secondary nondisjunction at AI (Hultén et al 2009).

20.3.2  Linkage Analyses of Trisomy  
13 and 18

There are few data concerning trisomy 13 (Patau syndrome) 
and the genetic errors that can cause it. However, a recent 
study of 78 cases [14] indicated that over 90% of cases are due 
to maternal meiotic errors, with approximately one-third of 
these occurring at AII. This demonstrates some similarity to 
trisomy 18 in that a large proportion of these cases appear to 
arise predominantly because of errors at AII. Though, as the 
authors describe, the only similarity between chromosomes 13 
and 18 is that they are gene poor, and any specific, potentially 
causative, genomic features have yet to be identified; if indeed 
there is a common cause of both trisomies [14].

20.4  Direct Evaluation of Oocyte Aneuploidy

To date (as far as the authors are aware), there have been 
no detailed studies evaluating exact oocyte aneuploidy 
rates in MI oocytes. However, numerous investigations 
have been performed on MII oocytes [15–17], obtained as 
immature MII oocytes or oocytes that have failed to fertil-
ize. These studies have demonstrated that segregation 
errors involving both whole chromosomes and chromatids 
are common [18]. The material investigated consists almost 
exclusively of MII oocytes obtained at infertility treatment 
clinics, where spare oocytes, spontaneously arrested at 
MII, have been donated for research. However, the various 
stimulation regimes necessary for in vitro fertilization 
(IVF) do not appear to affect the chromosome constitution 
of the oocyte, as oocytes obtained from natural cycles show 
similar frequency of anomalies [19, 20]. Furthermore, 
the eggs that remain unfertilized after exposure to sperm 
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are not cytogenetically different from those that are fertil-
ized [21].

Thousands of human oocytes at the MII stage have been 
investigated to obtain information on the efficacy of AI seg-
regation as well as the occurrence of structural chromosome 
aberrations. Traditionally, two methods have been used for 
analysis of oocytes, following cell fixation on a microscope 
slide. Chromosome analysis has been performed by karyo-
typing and fluorescence in situ hybridization (FISH) for 
selected chromosomes. Recently, however, a DNA-based 
method, comparative genomic hybridization (CGH) has also 
been used to investigate oocyte aneuploidy.

20.4.1  Analysis of Oocyte Aneuploidy  
by Karyotyping

20.4.1.1  Methodology

Karyotyping involves spreading and fixing a single cell on a 
microscope slide, followed by staining and microscopy anal-
ysis. However, use of a single cell risks the loss of one or 
more chromosomes, and their contracted nature does not 
allow for the use of conventional G-banding techniques for 
exact identification of individual chromosomes. Indeed, a 
large-scale study of unfertilized human oocytes only resulted 
in the successful analysis of 45.9% of samples [22].

20.4.1.2  Results

In the most recent, large-scale karyotyping study of 1,397 
oocytes from 792 patients (mean age 33.7 ± 4.7 years), 
numerical abnormalities were detected in 20.1% of samples. 
The majority of these were due to extra or missing whole 
chromosomes or chromatids, whereas structural abnormali-
ties (breaks, deletions, and acentric fragments) were rarer, 
only detected in 2.1% of cells. Numerical abnormalities 
caused by extra or missing chromatids were more common 
than aneuploidy of whole chromosomes, confirming the 
hypothesis that AI segregation errors of chromatids are common 
in human oocytes obtained through IVF studies (Fig. 20.5c) 
[23]. Although aneuploidy was detected in all chromosomes, 
the distribution was skewed toward a significantly higher fre-
quency in the physically smallest autosomes (chromosomes 
13–22); a result that has been confirmed in further studies 
[15, 24], irrespective of the method used.

A strong positive correlation between maternal age and 
rate of aneuploidy was also detected [22]. The same effect 
has been observed in a sample of fresh oocytes (not stimu-
lated by hormone injections as part of IVF treatment) inves-
tigated using spectral chromosomal analysis [25].

20.4.2  Analysis of Oocyte Aneuploidy Using 
Fish and CGH

The difficulties described above for analysis of oocyte aneu-
ploidy have led to the development and application of molecu-
lar cytogenetic methods: initially, multiprobe fluorescence in 
situ hybridization (FISH) analysis and more recently CGH.

20.4.2.1  Methodology

Similar to karyotyping, a set of FISH probes designed to 
hybridize to specific chromosomal regions are incubated with 
a cell, spread on a microscope slide. The probes are labelled, 
e.g., with a red or green fluorophore, and after incubation, the 
slides are washed and the results observed and recorded with 
the use of a fluorescent microscope. The application of FISH 
with chromosome-specific DNA probes to MII oocyte prepa-
rations allows the identification of specific chromosomes; an 
additional advantage of using FISH is that precise informa-
tion can also be obtained from the chromatin of the first PB.

20.4.2.2  Results

FISH analysis of the first PB with probes specific for chro-
mosomes X and 18 has been demonstrated to be able to pre-
dict the chromosome constitution of the oocyte under the 
assumption that the loss and gain will be reciprocal [16]. 
This approach has since been developed for diagnostic pur-
poses, with the aim of avoiding the use of oocytes that have 
been predicted to be aneuploid based upon first PB analysis 
of five autosomes by FISH [26]. Micromanipulation of the 
PBs followed by FISH with 3–5 chromosome-specific 
probes is now a technique used in preimplantation genetic 
diagnosis (PGD). The largest study to date examined 6,733 
oocytes from women above the age of 35 (average 38.5 
years), and a large proportion of oocytes were aneuploid 
with respect to the chromosomes tested (13, 15, 18, 21 and 
22) [27]. In total, 41.7% of oocytes were considered to be 
aneuploid because of AI malsegregation, the majority 
involving chromatids rather than whole chromosomes. Loss 
of a chromatid from the first PB was the most common 
anomaly scored, but it should be noted that technical FISH 
error could also produce this result.

Several researchers have used multiprobe FISH to ana-
lyze MII oocytes and the associated first PBs [15, 17, 28]. A 
number of interesting features have emerged from these 
studies. In agreement with karyotyping studies, anomalies 
were not randomly distributed between the chromosomes. 
The smaller chromosomes, 13, 16, 18, 21 and X were most 
frequently aneuploid, with no anomalies detected for chro-
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mosomes 1, 9 or 12 (Fig. 20.8). In addition, analysis of an 
MII oocyte and its corresponding first PB revealed a previ-
ously not well-recognized mechanism leading to aneuploid 
gametes. In two cases, an extra chromosome was detected in 
the first PB with no accompanying loss in the MII oocyte; 
and in a third case, extra chromatids were present in both the 
MII oocyte and the first PB [17]. All three of these mature 
eggs must have been derived from cells that were trisomic 
for the chromosomes involved (13 and 21) when entering 
meiosis during fetal life. Without further investigation, it is 
not possible to determine whether this preexisting aneu-
ploidy arose during the premeiotic divisions (germinal mosa-
icism) or if it was present in the embryonic gonad (gonadal 
mosaicism). The first instance of gonadal mosaicism cytoge-
netically proven this way was reported in a woman who had 
had three previous conceptions with trisomy 21 and for 
whom PGD was performed. FISH analysis of unfertilized 
MII oocytes and corresponding first PBs proved that ovarian 
mosaicism was the cause of the abnormal conceptions (see 
also Table 2 in Hultén et al. [12, 29].

20.4.3  Analysis of Oocyte Aneuploidy  
Using CGH

20.4.3.1  Methodology

To obtain an accurate estimate of aneuploidy in human 
oocytes requires a method that does not involve the spreading 
of chromosomes on a slide. A DNA-based method, such as 
CGH, is appropriate, but for single cell analysis the DNA 

must first be amplified from the 6–10 picograms initially 
present to the 200 nanograms required. DNA from a small 
number of cells from a chromosomally normal control source 
is similarly amplified, test and control DNAs are then labeled 
with red or green fluorochromes, respectively, and co-hybrid-
ized to prepared slides of normal male metaphase chromo-
somes, which act as indicators (Fig. 20.9). The two DNAs 
compete for hybridization sites allowing differences in the 
number of copies of any of the chromosomes to be detected 
by analysis of the green:red ratio along each indicator chro-
mosome on the slide (Fig. 20.10). The approach of using 
CGH analysis to acquire data on aneuploidy in human oocytes 
has been validated by several recent studies [24, 30–34].

20.4.3.2  Results

As the first PB and the MII oocyte are reciprocal products of 
the first meiotic division, analysis of one of these cells should 
predict the chromosome constitution of the other, although 
there are exceptions as in cases of germinal or gonadal mosa-
icism, where there is preexisting aneuploidy in the oocyte. 
The first PB CGH approach has been applied in both clinical 
practice and research projects, providing an indirect means 
of assessing oocytes for aneuploidy involving any chromo-
some. As regards IVF treatment, the aim is the identification 
and transfer of embryos derived from chromosomally nor-
mal oocytes, which are likely to have the greatest chance of 
forming a viable pregnancy. However, the application of this 
technology in a clinical context to either PBs or embryonic 
blastomeres (i.e., Preimplantation Genetic Screening – PGS) 
is not without problems, one of which is the length of time 

Fig. 20.8 FISH analysis of an MII oocyte to show an extra chromatid 16. Chromosomes are stained with DAPI and successively hybridized to 
probes for chromosomes 13 and 21, then 16, 18 and the X. (Reproduced with permission from Mahmood et al. 2000, Hum Genet 10:620–626; 
Copyright Springer Verlag Ltd)
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the method requires [34]. Standard CGH requires 3–4 days 
and the analysis is labour intensive, preventing analysis of 
large numbers of cells. Blastocyst transfer, usually on day-5 
post-fertilization, provides sufficient time for PB CGH anal-
ysis to be completed; however, this is not appropriate for all 
patients undergoing IVF. An alternative is to cryopreserve 
the zygotes immediately after biopsy of the first and second 
PBs or after blastomere biopsy on day 3 of development. The 
success of improved freezing (vitrification) protocols in rou-
tine IVF makes this a more attractive option.

The use of lymphocyte metaphases for CGH analysis has 
recently been replaced by the use of genomic microarrays for 
pre- and postnatal genetic analysis, but for single cell analy-
sis this approach is not yet sufficiently robust for application 
in clinical practice.

20.4.4  The Aneuploidy Rate in Human Oocytes

Recent karyotyping data that include chromatid anomalies and 
the more specific FISH analyses indicated that the overall rate 
of chromosome and chromatid imbalance in human oocytes is 
about 11% for women of maternal age 32–34 years [15, 17, 
22, 35]. However, several independent studies of aneuploidy 
in MII oocytes and corresponding first PBs have used CGH to 
obtain exact information on all chromosomes. There are now 
data on at least 221 MII oocyte-PB complexes donated from 

82 patients ([24, 30, 31] and unpublished data). The results 
confirm that CGH is able to detect chromatid losses and 
gains, as well as whole chromosome changes, and partial 
aneuploidies thought to be due to chromosome breakage.

Current data suggest an aneuploidy rate of 20.8% ([24, 
31] and unpublished data), double the rate found by karyotyping 
[22]. Chromosome loss and gain occurred almost equally in 
the oocyte and first PB in the abnormal samples, in accor-
dance with the theoretical expectations of the outcome of 
primary meiotic nondisjunction of the two homologues. 
These data provide no support for the frequent occurrence of 
anaphase lag. As evidence gained by analysis of preimplan-
tation embryos shows that those with autosomal monosomies 
and with autosomal trisomies of the largest autosomes rarely 
progress beyond initial implantation, over half of the abnormal 
oocytes will lead to IVF failure. The mechanism of gonadal 
or germinal mosaicism involving secondary meiotic nondis-
junction, leading to aneuploid oocytes was confirmed by the 
observation of oocytes or PBs with an additional or missing 
chromosome, without the reciprocal anomaly being scored 
in the corresponding PB or oocyte [24, 31–33].

Abnormalities affected all chromosomes except 7 and 
14, but most frequently the X and then chromosomes 21, 
22, followed by 8, 12 and 20 ([24, 31] and unpublished 
data). The mechanisms involved whole chromosome nondis-
junction, chromatid imbalance due to precocious chromatid 
separation, chromosome breakage and, rarely, gonadal/
germinal mosaicism. It is of interest that the larger autosomes, 

Fig. 20.9 Protocol for CGH analysis of individual MII oocyte and corresponding first PB. (Provided by Elpida Fragouli, Oxford University)
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numbers 1–12, were affected solely by whole chromosome 
nondisjunction and unaffected by chromatid anomalies. This 
is thought to reflect the increased cohesion of larger bivalents 
as well as the role of crossing-over in holding paired homo-
logues together, as larger chromosomes have greater numbers 
of chiasmata. It is further suggested that smaller chromo-
somes with few or no crossovers are more likely to separate 
early, in turn predisposing them to random disjunction as well 
as to chromatid anomalies. However, the X chromosome 

stands out as a special case, 8 of 16 X chromosome anomalies 
were seen in just three patients (age range 18–42). At least 
half of these were chromatid anomalies.

From both the X chromosome and the autosome data, it is 
clear that age-independent mechanisms are operating in the 
younger women, and there may be a causal link to their infertility. 
These mechanisms would include germinal or gonadal mosa-
icism as well as a predisposition to the production of aneuploid 
gametes due to reduced recombination in meiosis I.

Fig. 20.10 Outcome of meiotic nondisjunction of chromosome 12 vis-
ible in an oocyte/polar body complex after CGH analysis. The oocyte 
has lost one chromosome 12 and the PB has gained an extra chromosome 

12. Reference DNA was from a 46, XX source, labeled in red in both 
cases; test DNA was labeled in green. (Provided by Anna Mantzouratou, 
University College London Centre for PGD)
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20.4.5  Aneuploidy in Early Human Embryos

20.4.5.1  Constitutional Aneuploidy

Parental meiotic chromosome segregation errors will lead to 
constitutional aneuploidy, thereby affecting all cells of the 
embryo. Almost all recent information on the chromosomal 
status of the early human embryo has been derived from 
PGD and follow-up studies of nontransferred embryos. 
However, they are rarely complete enough to allow determi-
nation of parental meiotic chromosome segregation errors. 
Reliable conventional karyotyping of single embryonic cells 
is virtually impossible; but the advent of interphase FISH 
analysis, using fluorescently labelled chromosome-specific 
probes, has made it possible to determine the copy number 
of individual chromosomes in the nuclei of single cells 
obtained from preimplantation embryos. The data obtained 
from PGD follow-up studies, in particular those carried out 
for aneuploidy screening, complement those obtained from 
research studies on human oocytes. Munné et al. [36] 
reported on the diagnostic analysis of single cells from over 
2,000 embryos using FISH probes for up to 14 chromo-
somes. Cells were tested for a minimum of four chromo-
somes from: 1, 4, 6, 7, 13, 14, 15, 16, 17, 18, 21, 22, X and 
Y. Those most frequently involved in aneuploidy were chro-
mosomes 15, 16, 21 and 22; those least involved were 6, 14, 
X and Y. Because follow-up analyses were not carried out 
on the majority of nontransferred embryos, in most cases it 
was not possible to distinguish chromosome segregation 
errors that occurred during parental meiosis from those that 
arose post-zygotically in the embryo.

As a follow-up to aneuploidy screening for couples who 
were having difficulties conceiving via IVF due to repeated 
implantation failure (RIF) or advanced maternal age 
(AMA) or who were experiencing repeated miscarriage 
(RM), mainly after natural pregnancies, studies have been 
carried out to determine the mechanisms leading to aneu-
ploidy and implantation or pregnancy failure. Embryos 
from 75 couples undergoing preimplantation genetic 
screening (PGS) have been investigated for abnormalities 
of chromosomes 13, 15, 16, 18, 21 and 22 using FISH in 
two rounds of hybridization ([37] and unpublished data). 
This included the screening of single blastomeres on day 3 
and full follow-up analysis on day 5/6 of all the cells of 
nontransferred embryos. In total, 94 PGS cycles were 
included in the study, and 847 embryos biopsied, with 
results obtained for 91% of these. Approximately one-fifth 
(19%) were normal disomic for the chromosomes tested at 
diagnosis on day 3, while 81% showed an abnormal result. 
Despite the low normality rate, the pregnancy rate per 
cycle that progressed to embryo biopsy was 29.5%; 32.9% 
per cycle in which embryos were suitable to be transferred. 
Satisfactory follow-up was obtained from 536 embryos. 

All those diagnosed as chromosomally abnormal were 
confirmed as abnormal on follow-up, of which 94% were 
mosaics with mixed cell types and only 5.3% were uni-
formly abnormal. Although mosaicism in general is com-
mon in human embryos generated by IVF and increases 
with the number of days spent in culture, this almost uni-
versal aneuploid mosaicism is beyond what is normally 
seen in embryos from routine IVF patients [38–42].

Parental meiotic chromosome segregation errors, detected 
because all embryonic cells were affected with the same 
aneuploidy, were identified overall in only 14.8% of 
embryos, most frequently for chromosomes 18, 21 and 22. 
Errors in post-zygotic mitotic segregation were detected 
mostly for chromosomes 13, 15 and 16. There was a signifi-
cant difference in the distribution of embryos that were uni-
formly abnormal (p < 0.005) and those caused by parental 
meiotic segregation errors (p < 0.005) between the referral 
groups. The rates for parental meiotic errors were 24% for 
the RM group, 20% for the AMA group and only 8.9% for 
RIF patients. There were similarities in the abnormalities 
affecting embryos from the couples with RM and AMA, 
whereas couples with RIF appeared to be different due to 
the low frequency of identifiable abnormalities in their 
embryos caused by parental meiotic chromosome segrega-
tion errors. For this patient group, post-zygotic abnormali-
ties appear to be the main factor leading to implantation 
failure. The RM patients resemble those with AMA, 
although the average age (36 years) in the RM group is 
much lower than in the AMA group (42 years). It would 
appear from these data that even for the RM and AMA 
groups, aneuploidy caused by parental meiotic chromosome 
segregation errors is far less of a risk than the mosaic form 
caused by post-zygotic mitotic errors.

20.4.5.2  Mosaic Aneuploidy

In general, the embryos of women undergoing IVF who are 
younger than 37 years of age are chiefly at risk of mosaic 
aneuploidy caused by post-zygotic segregation errors rather 
than the full constitutional type with all embryo cells being 
aneuploid, this type originating from parental meiotic segre-
gation errors. Interphase FISH detection of the X and Y 
chromosomes for the purposes of embryo sexing first indi-
cated that mosaicism is a common feature of human preim-
plantation embryos [38]. Subsequent studies using autosomal 
probes for testing between three and nine chromosomes 
detected mosaic aneuploidy in more than half of the embryos 
investigated [39, 41, 42]. The development of single cell 
CGH analysis, allowing the copy number of every chromo-
some to be determined, and its application to analyze every 
cell from a total of 24 good quality 3-day-old embryos dem-
onstrated that 62% were mosaic [43, 44]. The extent of 



33720 Errors in Chromosome Segregation During Oogenesis and Early Embryogenesis

mosaic abnormality varied between the presence of a single 
abnormal cell to every cell being abnormal, but with the 
chromosomal constitution varying randomly from cell to 
cell (a feature termed “chaotic”). Importantly, the CGH 
analysis also showed that a quarter of the embryos were 
totally euploid, with no chromosome imbalance by day 3 of 
development. Clearly, it is these euploid embryos that have 
the greatest potential to implant and develop normally 
thereafter.

20.5  Preimplantation Genetic Diagnosis  
for Chromosomal Disorders

Preimplantation genetic diagnosis (PGD) for chromosomal 
disorders involves analysis of a single cell, either the first 
PB or a blastomere taken on day 3 of development. As it is 
not possible to visualize the whole chromosome set with 
accuracy, PGD almost always involves FISH with chromo-
some-specific DNA probes. This enables the number of 
copies of each chromosome to be determined. The highest 
efficiency and accuracy is achieved by using probes for 
three pairs of chromosomes for each hybridization experi-
ment. Probe mixes to detect five chromosomes are avail-
able commercially, but they involve some compromise on 
efficiency and accuracy.

20.5.1  Specific PGD for Carriers of 
Chromosomal Rearrangements

One of the most common reasons for requesting specific 
PGD is where one parent is a carrier of a balanced chromo-
somal rearrangement (such as a translocation or an inversion) 
and this has led to infertility or frequent miscarriage. For 
each couple, an individual protocol must be developed to 
detect embryos that have an unbalanced form of the rear-
rangement. A three-probe strategy has been designed for 
reciprocal translocations, such that two of the probes are 
located either side of the breakpoint on one of the involved 
chromosomes and the third probe maps to any position on 
the second involved chromosome (Fig. 20.11) [45]. The main 
risk for these couples is due to segregation problems of the 
rearranged chromosomes at the first meiotic division, lead-
ing to the production of a high proportion of unbalanced 
gametes [46, 47]. However, from the data gathered on the 
outcome of this type of specific PGD, it is apparent that the 
level of abnormality detected far exceeds that expected due 
to parental meiotic segregation errors alone. Much of the 
abnormality is chaotic in nature (affecting multiple chromo-
somes) and clearly post-zygotic in origin [46–49]. The fre-

quency of abnormality in the embryos from these cycles 
approaches 75%, adding weight to the suggestion that these 
particular couples are afflicted by two pathologies, the 
increased risk of parental meiotic segregation errors, com-
pounded by additional factors that result in above normal 
rates of post-zygotic anomalies. It is possibly these addi-
tional factors that lead to the couple being referred for PGD. 
It should be noted, however, that it is nevertheless possible 
for most of the parents who carry a translocation or inversion 
to achieve a normal pregnancy by this type of advanced spe-
cific PGD, with the option available for confirmation of a 
normal pregnancy by prenatal diagnosis using fetal cells 
obtained by chorionic villus sampling at 12–13 weeks of 
pregnancy or amniocentesis at around 16 weeks.

20.5.2  Preimplantation Genetic Screening for 
Aneuploidy

PGS was developed to improve the outcome for couples 
that were unable to achieve an ongoing pregnancy due to 
AMA, RIF or RM. In all these situations, the parents them-
selves have normal somatic karyotypes. The aim is to pro-
vide a general screen for the most common aneuploidies 
affecting implantation and spontaneous abortion. Probe 
sets used invariably contain those specific for chromosomes 
13, 18 and 21; and frequently also include probes for chro-
mosomes 16 and 22. The X and Y chromosomes may also 
be selected.

20.5.3  First Polar Body or Blastomere for the 
Diagnosis of Aneuploidy?

Up to 20% of embryos overall will have an error that is due 
to meiotic chromosome segregation errors during the pro-
duction of gametes in either parent, of these, 90% will be 
maternal. Initially, it might seem that analysis of the first PB 
would be the most effective procedure for the identification 
of aneuploid embryos. However, as previously stated, at 
least 50% of embryos created by IVF are chromosomally 
mosaic, with a mixture of normal and abnormal cells [42, 
50] and this proportion increases in couples with RIF [37, 
51]. This type of aneuploidy is due to errors in post-zygotic 
mitotic divisions.

20.5.4  Problems with First PB Analysis

There are several problems with analysis limited to the first 
PB. Meiotic segregation of the primary oocyte will lead to 
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two haploid cell nuclei, each normally expected to contain 
23 chromosomes. Each chromosome will then consist of 
two chromatids that should still be attached at the centrom-
ere. Many of the chromosome-specific probes used for FISH 
hybridize to the centromere region and should appear as a 
doublet signal, but this is not always clear. Therefore, the 
distinction between the presence of one or two chromatids 
may be difficult, especially as the first PB rapidly degener-
ates. Assuming the primary oocyte is normal disomic, loss 
of a chromosome or a chromatid from the first PB should be 
mirrored by a gain in the secondary oocyte, as these are the 
two haploid products of the first meiotic oocyte division. 
While an extra whole chromosome will always lead to a tri-
somic embryo, an extra chromatid in the secondary oocyte 
will lead to a trisomic embryo in 50% of cases, since it is 
likely to segregate randomly at A2 after fertilization. This in 
turn highlights a second problem with first PB analysis – 
namely that events at A2 will determine the eventual out-
come. Ideally, therefore, both first and second PBs should 
be analysed where possible. If the first PB alone is analysed 
this will lead to the discarding of oocytes with chromatid 

anomalies that could lead to a chromosomally normal 
embryo if the additional chromosome material is passed to 
the second PB.

In cases of PGD for maternal carriers of chromosomal 
 rearrangements, usually reciprocal or Robertsonian translo-
cations, there are additional problems posed by crossingover 
during the prophase of meiosis I. As oogenesis progresses in 
the mother (occurring during fetal development), crossin-
gover within the chromosome segment between the centrom-
ere and the  breakpoint (the interstitial segment) will create a 
“hybrid”  chromosome with one normal chromatid and the 
other  unbalanced due to the translocation. This may be 
detected by the use of “chromosome paints” – collections of 
probes that hybridize along each chromosome arm – but 
once again it is not possible to predict whether the normal or 
the abnormal chromatid will pass to the oocyte [52]. The cor-
responding oocytes complementary to such first PBs can 
thus not be used for fertilization. In summary, unless analysis 
of the second PB is also possible, many of the oocytes will 
unfortunately have to be discarded due to the uncertainty of 
the outcome after AII segregation.

Fig. 20.11 Three-probe strategy for detection of reciprocal translocations. 
Probes are located on both sides of the breakpoint on one of the chro-
mosomes involved, and the third maps to the second involved chromo-
some. This example illustrates the FISH probe strategy for a carrier of 

46XX, t(8;12)(q11.2;q12) for use in PGD. Probes are shown hybridized 
to the chromosomes of carrier parent (left) and to an embryonic 
nucleus, which is balanced for the translocation. (Provided by Anna 
Mantzouratou, University College London Centre for PGD)
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20.5.5  Problems with Single Blastomere 
Analysis

A single blastomere will provide an interphase nucleus for 
analysis. FISH analysis of interphase chromatin is less efficient 
than that of metaphase chromosomes, especially when locus-
specific probes are used. Hybridization failure is one source 
of error. Probes that detect multiple copies of a sequence, 
e.g., alpha satellite DNA associated with the centromere, give 
larger signals and are less prone to this type of technical error. 
Another major problem is that of chromosomal mosaicism, 
the cell chosen for biopsy and analysis may not be representa-
tive of the embryo as a whole. In the case of specific PGD for 
chromosomal rearrangements it would be advisable to take 
two cells for analysis, as embryos that are a mosaic of bal-
anced and abnormal cells occur quite frequently [49]. 
Unfortunately, however, the indications for PGS are such 
that removal of two cells is not considered advisable as this 
may retard embryonic development.

Embryo mosaicism is of two basic types, firstly, diploid/
aneuploid mosaicism where the embryo began with a normal 
diploid complement and an aneuploid cell line developed 
during post-zygotic cleavage divisions, usually due to loss or 
gain of a chromosome (or similarly diploid/aneuploid mosa-
icism where the embryo began with an aneuploid comple-
ment and a normal cell line developed during post-zygotic 
cleavage divisions, due to loss of the extra chromosome); 
and secondly a mixture of different aneuploid cells. Clearly, 
it is the first type where there is a mixture of normal and 
abnormal cells that has the most potential to cause misdiag-
nosis. The outcome of diploid/aneuploid mosaicism cannot 
then be predicted with certainty. In cases where an aneuploid 
cell is detected, the chances are that many of the remaining 
cells are normal. Equally, when a normal cell has been biop-
sied, it is still possible that a large proportion of the remain-
ing cells are aneuploid. Analysis of a single blastomere out 
of eight available at 3 days post-conception is not likely to 
detect aneuploidy that affects one or two cells only. However, 
such embryos do have a reasonable chance of implantation 
and progression to a normal pregnancy.

20.5.6  Controversies Over PGS

Given the high rates of chromosome abnormalities seen in 
embryos created by IVF, screening a cell from each embryo 
for aneuploidy should improve the outcome, especially for 
high risk couples. There is a large amount of evidence to 
indicate that PGS improves implantation and reduces miscar-
riage [53–57]. However, these studies were retrospective and 
nonrandomized. Others using randomized control trials 

(RCTs) were not able to demonstrate a significant difference 
between couples treated by PGS and a control group [18, 58] 
at least when there was no restriction on the number of 
embryos to be replaced per cycle. Most recently, an RCT 
demonstrated a negative effect [59]. There are crucial differ-
ences between these studies, quite apart from being random-
ized or not being so; the methodology used in the RCTs has 
been widely criticized [60]. For example, in the studies by 
Staessen et al. [61] and Mastenbroek et al. [59], chromo-
somes 15 and 22 were not tested – the latter is a particularly 
important omission as it is one of those most frequently 
involved in the production of aneuploid oocytes originating 
from parental meiotic segregation errors. Most striking is the 
poor diagnostic success rate in the Mastenbroek et al. [59] 
study with 20% of embryos remaining undiagnosed, far 
higher than in any other reported study. This fact alone sug-
gests that the group was not experienced at carrying out PGS, 
and other data presented indicates that the biopsy technique 
used was detrimental [59]. In conclusion, evidence to date 
suggests that if PGS is carried out efficiently and is applied to 
appropriately chosen groups of patients who are at high risk 
of producing aneuploid embryos then it is beneficial [37]. 
Couples who are likely to benefit from aneuploidy screening 
include those where the maternal age is over 40, couples 
experiencing repeated miscarriage (where the parents have 
normal chromosomes) and couples with recurrent implanta-
tion failure. The former two groups have been shown to have 
an increased risk of meiotic errors and the third group to have a 
very high rate of post-zygotic anomalies [37, 51].

20.5.7  Screening the Whole Chromosome 
Complement

At the preimplantation embryonic stage, trisomy or monosomy 
can affect any chromosome; this has led to the development of 
technology which enables the whole chromosome complement 
to be screened for aneuploidy. The most effective method is that 
of CGH. This was first applied to analyse single blastomeres 
from cleavage stage embryos [43, 44] and provided concrete 
support for the findings of the interphase FISH studies. Namely 
that mosaicism was very common (60%) and that some of it 
was “chaotic” in nature, with differing abnormalities in cells 
from the same embryo. The most striking finding from both 
studies was that only 25% of embryos were normal euploid.

The problem with diagnostic CGH analysis of single blas-
tomeres is that the time taken precludes transfer of the 
embryo in the same cycle, requiring it to be frozen while 
analysis is carried out [62]. With more efficient freezing (vit-
rification) protocols, there is hope that this may now be 
feasible. In the meantime, others have approached the 
problem by subjecting the first PB to CGH analysis [34]. 
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This provides an extra 2 days for analysis, allowing embryo 
selection and transfer in the same cycle, albeit with a very 
labor-intensive protocol. As with any analysis involving the 
first PB, there needs to be confirmation either with the sec-
ond PB or by analysis of a blastomere. Some recent reports 
have failed in this respect [63, 64]. However, post-conception 
diagnosis is banned in Italy and Germany; for those coun-
tries first PB analysis is all that is available.

When dealing with extremely high-risk patient groups, 
the level of embryonic aneuploidy is so high that screening 
the whole chromosome set is not necessary since much of 
the mosaicism is chaotic [37]. Additionally, certain groups of 
chromosomes are more likely to be affected by aneuploidy 
caused by parental meiotic chromosome segregation errors 
[24] and these are the ones chosen for PGS. Paradoxically, 
the net effect of these considerations is that when dealing 
with groups of patients at lower risk, a more thorough screen 
of a wider range of chromosomes is needed to demonstrate 
any beneficial effect.

20.6  Conclusions

Mammalian oogenesis, leading up to mature eggs having 
half the chromosome number in comparison to somatic cell 
nuclei, is a complex process. Uniquely, in human females, 
this process is also highly error-prone, with a high proportion 
of mature eggs showing an abnormal chromosome number, 
aneuploidy. Superimposed on the segregation errors taking 
place during the meiotic cell divisions at oogenesis, there is 
a high amount of mitotic segregation errors during early 
embryogenesis, so that a high proportion of embryos are 
aneuploidy mosaics. The underlying reasons for these prob-
lems are not yet fully understood. Much work has been 
devoted within Assisted Conception Units to the develop-
ment of schedules for preselection of embryos that, follow-
ing IVF treatment, have the optimal chance of being 
implanted and the successful outcome of the pregnancy. This 
includes analysis of chromosome copy number in the first 
and the second PBs as well as in individual cells, blastom-
eres, micromanipulated from the embryo at the eight-cell 
stage. Both types of investigation are labour intensive with 
limited success rate. Nevertheless, there are indications that 
these methods, if carried out efficiently and applied to appro-
priately chosen groups of patients, who are at high risk of 
producing aneuploid embryos, then they are beneficial.
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Abstract With every heartbeat, men produce approximately 
1,000 spermatozoa. Although the regulatory mechanisms are 
still only partially understood, the remarkably well-organized 
process needed for this consistent, high level of production 
of unique haploid cells has been resolved and is presented in 
the first section of this review. The numerous unique cellular 
features needed for the extraordinary sperm cell to undertake 
its function are then discussed.

Keywords Spermatogenesis • Stem cell renewal • Meiosis • 
Spermatid • Acrosome • Flagellum

21.1  Introduction

The main focus of this chapter is on male germ cells: their 
mode of renewal and differentiation, their ultrastructural fea-
tures, their spatial arrangement within the testis, and the func-
tional significance of their genes and proteins. Although some 
of the data discussed will be from animal models, whenever 
feasible, focus has been placed on literature related to the 
human testis. The primary objective of this review is to pres-
ent the adult situation; it does not deal with the complex 
changes that take place during development or senescence. 
Many topics have had to be excluded. These include studies 
of the effects of hormones, therapeutic and nontherapeutic 
drugs, and environmental factors (chemicals, radiation, etc.) 
that regulate or can affect sperm production. A rapidly grow-
ing number of mouse models (null mutation, gene over-
expression, induced random mutations) give new insight into 
the function of many specific genes and the large array of 
clinical conditions that result in abnormal sperm production.

21.2  General Features of Testicular  
Histology

The testes of mammals are paired organs that essentially 
perform two functions: production of spermatozoa and hor-
mones, mostly androgens, and also estrogens. The testicular 
parenchyma is composed of numerous seminiferous tubules 
and the intervening interstitial space [1–3]. Seminiferous 
tubules are coiled structures forming loops that empty at both 
ends into the rete testis, an anastomotic channel located at 
one pole of the testis and lined by a cuboidal epithelium [4]. 
Seminiferous tubules consist of an epithelium composed of 
germ cells and supporting Sertoli cells, with the latter being 
mitotically inactive in adults. Sertoli cells perform a multi-
tude of functions that support and nourish germ cells and that 
have been extensively described [5, 6]. The interstitial space 
consists of the hormone-producing Leydig cells, mac-
rophages, blood and lymphatic channels as well as nerves 
[1, 7, 8].

21.3  Spermatogenesis

The process of spermatogenesis has been investigated by 
many groups of researchers [1–3]. It is defined as the process 
whereby germ cells develop, differentiate, and metamorphose 
into spermatozoa. It is an orderly and well-defined process, 
occurring in seminiferous tubules of the testis and requiring 
an intimate communication with Sertoli cells. The temporal 
events whereby undifferentiated spermatogonial germ cells 
develop into spermatozoa over a period of several weeks 
require hormonal, autocrine, paracrine, and juxtacrine signal-
ing between the different testicular compartments (germ, 
Sertoli, myoid, and Leydig cells, and macrophages). These 
signals, regulating cell growth and/or cellular differentiation, 
encompass gonadotropins (LH, FSH), steroids (androgens 
and estrogens), growth factors, and peptides [9–12].

Spermatogenesis is characterized by three specific func-
tional phases: proliferation, meiosis, and spermiogenesis. 
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In the proliferation phase, spermatogonia undergo several 
mitotic divisions to form spermatocytes that after the process 
of two meiotic divisions form the haploid spermatids. The lat-
ter develop into spermatozoa as a result of a complicated 
metamorphosis involving dramatic structural modifications of 
the shape of their nucleus, compaction of the nuclear chroma-
tin, formation of an acrosome, and establishment of a flagel-
lum permitting eventual motility. The series of modifications 
occurring in spermatids is referred to as spermiogenesis, a 
subdivision of spermatogenesis. Spermatogenesis thus consti-
tutes undifferentiated spermatogonial renewal and prolifera-
tion, spermatogonial differentiation, meiosis of spermatocytes, 
and spermatid development.

21.3.1  The Cycle of the Seminiferous 
Epithelium

In the middle of the last century [13], it was noted that in 
cross sections of seminiferous tubules of the testis of rodents, 
germ cells were organized in concentric layers within the 
seminiferous epithelium with immature germ cells, sper-
matogonia, residing at the base of the epithelium adjacent to 
the limiting membrane, and more advanced germ cells (sper-
matocytes, early and late spermatids) occupying successive 
layers situated closer to the tubular lumen. In addition, several 
distinct generations of germ cells, each at the same step of 
development and developing in synchrony, were seen in any 
given tubular cross sectional profile; it was also noted that the 
various generations of germ cells in different cross sectional 
profiles gave rise to specific cellular associations, referred to 
as the stages of the cycle of the seminiferous epithelium. In 
the rat, 14 distinct stages occur, each with generations of germ 
cells at specific steps in their development; the stages were 
designated by roman numerals I-XIV. As a result, it was 
observed that four or five generations of germ cells occupied 
a given tubular cross section, depending on the specific stage 
of the cycle of the seminiferous epithelium. In fact, stages 
I-VIII showed five generations of germ cells, while stages 
IX-XIV presented four generations [2, 13].

The formation of specific stages of the cycle and their 
sequential appearance in a given area of tubule was found to 
be highly synchronous. A generation of germ cells at a spe-
cific step of their development associated with other genera-
tions of germ cells, each at their own step of development; 
such cellular associations were precise and constant. Since 
spermatozoa were periodically released from the seminifer-
ous epithelium, the idea of a cycle of the seminiferous epi-
thelium was proposed. The precise sequential occurrence of 
the 14 cellular associations that occurred over time in a given 
area of the tubule was defined as a cycle of the seminiferous 
epithelium [13]. Using a variety of techniques, the duration of 

each stage and hence the cycle of the seminiferous epithelium 
could be determined. The cycle was found to be different for 
different species and even varied among strains of the same 
species. The duration of a cycle was constant and was calcu-
lated to be about 12 days in the rat [13], 8.65 days in mouse 
[14], and 10–11 days in primates [15]. In the human testis, 
generations of germ cells also developed in synchrony; how-
ever, cross sectional tubular profiles did not display any single 
stage, but, rather, several different stages, thus making analy-
sis of the human testis more complex. Also unlike rodents, 
there were only six stages of the cycle of the seminiferous 
epithelium, with a cycle lasting 16 days and spermatogenesis 
taking 64 days in man (Fig. 21.1) [16, 17].

Fig. 21.1 Stages of the spermatogenic cycle in man. Starting from the 
upper left corner of the figure and encircling the table, drawings illustrate the 
steps of spermatogenesis in man. The table in the center of the figure gives 
the cellular composition of the six stages of the cycle of the seminiferous 
epithelium (Roman numerals, I–VI). Ad dark type A spermatogonium;  
Ap pale type A spermatogonium; B type B spermatogonium; Pl preleptotene 
primary spermatocyte; L leptotene spermatocyte; Z zygotene spermato-
cyte; P pachytene spermatocyte; II: secondary spermatocyte; Sa, Sb

1
, Sb

2
, 

Sc, Sd
1
, Sd

2
: correspond to steps of spermiogenesis; Rb: residual body; 

Di: diakinesis; ID and IID: first and second maturation divisions of 
spermatocytes. Reproduced from Clermont [16]



34721 An Overview of Sperm Production

21.3.2  The Wave of the Seminiferous 
Epithelium

The wave of the seminiferous epithelium is in space what the 
cycle is in time. Specific stages of the cycle of the seminifer-
ous epithelium are arranged in consecutive order throughout 
the length of a seminiferous tubule, and move distally from 
the rete testis, with the stages showing a decreasing order. 
Since tubules are loops with both ends emptying into the rete 
testis, the sequence of stages reverses in the middle of the 
loop to permit the formation of a descending order in both 
limbs of the loop. The sequential order is broken occasion-
ally for a short distance; such breaks are coined modulations 
of the segmental order. The wave is defined as a series of 
adjacent stages that include, in the rat, the 14 possible types 
in addition to any stage involved in modulation [18].

21.3.3  Spermatogonial Stem Cell Renewal

Spermatozoa are continuously produced in the testis and this 
requires the presence of stem cells. Although the periodic 
renewal of type A spermatogonia was recognized early in the 
last century [19], the process of spermatogonia renewal is 
complex and is only beginning to be understood [19]. The 
undifferentiated stem cells produce sperm throughout adult 
life, thereby transmitting genetic information to future gen-
erations and simultaneously renewing themselves to maintain 
a constant supply. While studies have been done on several 
species, the majority of studies in recent years were done on 
the mouse and rat [20–23]. In the 1950s, Clermont and 
Leblond developed the initial significant concepts on stem 
cells that have led the way for all subsequent investigations. 
These investigators demonstrated that there are five classes of 
type A spermatogonia (A1–4 and Ao), in addition to more 
differentiated intermediate (In) and B spermatogonia; while 
the majority are actively engaged in proliferation, the Ao, 
now referred to as Aisolated (As), acts as reserve stem cells. 
Extensive analyses of these cells have been done on cross sec-
tions of seminiferous tubules and on whole mounts, where the 
spermatogonial cells can be seen in face view, allowing an 
analysis of their overall shape and topographical distribution 
along the tubule. Examining whole mounts of seminiferous 
tubules and recording mitotic and labeling indices using 
3H-thymidine, Clermont and associates proposed that the type 
A4 spermatogonia were the stem cells and that they gave rise 
to A1 and In spermatogonia at each cycle of the seminiferous 
epithelium, while the As acted as reserve stem cells to be used 
after assault to the testis [24–27].

In the early 1970s, an alternative model was proposed by 
Huckins [28]. It stated that all spermatogonia fall into three 
categories: stem cells (As); proliferating cells, Apair (Apr) 

and Aaligned (Aal); and differentiating cells (A1–A4, In, B). 
The As, Apr, and Aal are morphologically undifferentiated 
spermatogonia, while the A1–4, In, and B are differentiated 
cells. Huckins [29] also demonstrated that the As are located 
singly in the basal compartment of the seminiferous epithe-
lium and that they divide periodically, but randomly to yield 
either two new daughter cells that separate to become two 
new As stem cells or two daughter cells (Apr) that remain 
connected by intercellular bridges and are committed to dif-
ferentiate. Most of the As cells are in a short cell cycle (60 h), 
while a few As spermatogonia have a very long cell cycle, 
remaining in G1 phase for up to 13 days, from which they 
exit randomly to reenter the common stem cell pool and 
resume mitosis [30]. The latter were defined as cells that are 
highly resistant to irradiation and other noxious agents and 
thus constitute a population of cells that ensures the continu-
ation of spermatogenesis over a lifetime [31].

In the rat, the production of paired daughter cells by the 
As spermatogonia signals a commitment to differentiation. 
Most of these cells undergo a variable number of synchro-
nous divisions before beginning to differentiate, whereupon 
they are referred to as the Aal undifferentiated proliferating 
compartment. This activity increases the size of the germ cell 
population. Cyclically, spermatogonia in the proliferating 
compartment morphologically transform into differentiating 
spermatogonia, the type A1 spermatogonia; this occurs at 
stage VII–VIII of the cycle. Type B spermatogonia eventu-
ally divide to give rise to preleptotene (PL) spermatocytes. 
Over the past decade, this model appears to have been widely 
accepted by many investigators [24, 32, 33].

In the human testis, essentially three types of spermatogo-
nia are recognized (Adark, Apale and B) in the light micro-
scope, but other types of A spermatogonia have been 
suggested by electron microscopy [33–37]. Adark have been 
considered reserve stem cells, with Apale being active stem 
cells [16, 17]. However, some investigators stated that the 
Adark may be representative of a phase of the cell cycle since 
in many testicular abnormalities, the Apale usually persist 
[38]. Recent investigations on the human testis [39] suggest 
that spermatogenesis begins with the first division of a pair 
or quadruplet of Apale spermatogonia at stage I–II. These 
clones of cells split and enter a second division that leads to 
pairs, quadruplets, or eight-cell clones of B spermatogonia, 
as well as a pair or quadruplet of Apale spermatogonia to 
replenish the pool of Apale spermatogonia. Thus, in the 
human testis, more committed Apale spermatogonia may act 
as stem cells, with the Adark dividing only rarely [39].

Another noted feature of spermatogonia derived from 
early studies revealed that many of these cells undergo 
degeneration during their differentiation [40]. In fact, because 
of extensive degeneration of dividing spermatogonia (A2, 
A3), the theoretically expected number of preleptotene (PL) 
spermatocytes is considerably reduced (25%). It has been 
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estimated that 75% of spermatogonia do not survive to 
become mature sperm [41]. Apoptosis is the process by 
which most germ cell death occurs in the seminiferous 
tubules. Spontaneous apoptosis occurs primarily during the 
very late and early stages of spermatogenesis [42, 43]. Cell 
death associated with exposure to toxicants increases apop-
tosis primarily at these same stages [43–45], whereas andro-
gen withdrawal causes an increased rate of apoptosis 
primarily during the middle stages, at the time of germ cell 
release from the tubules. Several different signaling mole-
cules, including the TNFa/TNFR1, Fas/FasL, TRAIL/DR5, 
and Bcl2 family proteins have been shown to play roles in 
regulating germ cell apoptosis depending on the nature of the 
insult, e.g., heat, drugs, and radiation [46–49].

21.3.4  Spermatocyte Development

Meiosis, involving many genes, is unique to germ cells and is 
a process of cell division required for the production of 
healthy haploid spermatids [3, 50]; it serves two important 
cellular activities: meiotic recombination and synapsis of 
homologous chromosomes. The recombination of homolo-
gous chromosomes during prophase of the first meiotic divi-
sion assists in orienting chromosomes on the meiotic spindle 
as well as introducing genetic variability. Proliferating type B 
spermatogonia differentiate and enter meiosis as primary 
spermatocytes that undergo the first meiotic division. The lat-
ter is composed of prophase, metaphase, anaphase and telo-
phase. Prophase is lengthy, taking up to 90% of the time 
required for the completion of meiosis [51, 52]. It consists of 
the following defined cells: preleptotene spermatocytes, the 
first cells to be formed, are actively engaged in DNA synthe-
sis and are the most mature cells capable of incorporating 
thymidine into DNA; they are followed by leptotene sperma-
tocytes, involved in chromosome condensation; chromosomal 
pairing known as synapsis occurs in zygotene spermatocytes; 
during pachytene, spermatocytes undergo a thickening and 
shortening of chromosomes and exchange of chromosomal 
material by the process of crossing over; diplotene is where 
desynapsis occurs and chromosomes partially separate; diake-
nesis involves shortening of chromosomes, with each one 
composed of two chromatids. Prophase is followed by meta-
phase, where attachment of paired chromatids to the equator 
of the spindle occurs. Anaphase involves movement of paired 
chromatids to opposite poles of the spindle, and telophase 
results in daughter cells called secondary spermatocytes. The 
latter have a short half life with a haploid number of chromo-
somes though their DNA content is diploid. They undertake 
the second meiotic division to form spermatids with a haploid 
DNA content and a haploid chromosomal number. The duration 

of spermatocyte maturation is of the order of 20.9 days in rats 
and 25.3 days in humans.

The nucleus of spermatocytes contains specialized struc-
tures such as the synaptonemal complexes and the sex vesicle 
(XY or sex body), described in detail by several investigators 
[53–55]. Synapsis of homologous chromosomes is mediated 
by the synaptonemal complex (SC). The relationship between 
abnormalities of the synaptonemal complex and male fertility 
in the human has been documented in several recent articles 
[56–58]. The temporal aspects of synaptonemal complex 
assembly, relationship between the synaptonemal complex 
and meiotic recombination, and the structural composition of 
the synaptonemal complex and its associated proteins have 
been reviewed recently [59].

There is a remarkable stage-specific gene expression in 
both rats [60] and humans [61]. The expression pattern of 
genes in germ cells throughout spermatogenesis and during 
development can be found at: http://mrg.genetics.washington.
edu. The mechanisms for this selective turn on and off of 
large families of genes, such as those associated with the cell 
cycle, DNA repair, and embryonic neuron development, is far 
from resolved. In addition, many genes are expressed uniquely 
by germ cells once they enter meiosis; neither the need for 
having these genes expressed nor the mechanism regulating 
such expression are resolved; however, proposed mechanisms 
include alternative splicing, and epigenetic mechanisms, such 
as DNA methylation, histone modifications and piRNAs [62–
66]. For example, in humans, the cytochrome c oxidase II 
gene is expressed in primary spermatocytes where it may 
serve the high energy demands of these cells as they enter the 
final stages of meiosis. The rescue factor-humanin gene is 
also expressed by these cells and may prevent germ cell death 
and/or apoptosis, allowing spermatogenesis to proceed [60].

21.3.5  Spermiogenesis: Associated Processes 
Involved in the Formation  
of Spermatids

During spermiogenesis, several major changes occur to sper-
matids as they metamorphose into spermatozoa: (1) the 
shape of the cell and its nucleus undergo major modifications 
that are species specific; (2) there is a compaction and con-
densation of the nuclear chromatin; (3) the acrosome devel-
ops on the surface of the nucleus; (4) the connecting piece 
and other components of the flagellum are formed; (5) the 
excess cytoplasm of the spermatid, referred to as the residual 
body, is eliminated; (6) the release of spermatids, known as 
spermiation, occurs. Many of the details of these processes 
have been described by others [3, 67–69]. Spermiogenesis 
extends over 22.7 days in rats and 21.6 days in humans.

http://mrg.genetics.washington.edu
http://mrg.genetics.washington.edu
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21.4  The Spermatozoon

Over a few weeks, the transition that occurs from the somatic 
diploid spermatogonium to the haploid, highly specialized 
spermatozoon (Fig. 21.2), with a number of organelles and 
cellular features that are distinct from every other cell type in 
the body, is remarkable. Highlights of some of these cellular 
characteristics are described below.

21.4.1  Role of the Golgi Apparatus  
in Acrosome Formation

The acrosome is a membrane bound lysosomal structure that 
functions in sperm–egg binding; it is formed from the Golgi 
apparatus of early spermatids [70–72]. The acrosome is made 
up of three major subdivisions: apical segment, principal seg-
ment and equatorial segment. The membrane of the acrosome 
consists of an outer acrosomal membrane, underlying the 

plasma membrane of the spermatid, and the inner acrosomal 
membrane, facing the nucleus and being apposed to the 
perinuclear electron dense material, referred to as the perfo-
ratorium. The acrosome contains a variety of hydrolytic 
enzymes, with hyaluronidase and acrosin being most promi-
nent; they both facilitate sperm penetration of the egg invest-
ments [73, 74]. Acrogranin and dipeptidyl peptidase II are 
found in the guinea pig acrosome and acrosomal antigen 
SP-10 in the human. It has been suggested that the acrosomal 
infrastructure is made up of spatially segregated distinct 
matrix components that may interact with and define the 
distribution of selected hydrolases [75].

21.4.2  Endoplasmic Reticulum

The endoplasmic reticulum (ER) undergoes extensive struc-
tural modifications during spermiogenesis [76]. In addition 
to being closely related to the Golgi apparatus, in steps 1–7 

Fig. 21.2 Drawing of the head of a rat spermatozoa as seen from the 
side and accompanied by representative cross-sectional views. The 
region of the perinuclear theca delineated in smooth gray and lying 
between the acrosomic system (A: stippled in light gray) and the 
nucleus (N: dark black) represents the perforatorium (P). The region 
of the perinuclear theca beginning where the acrosomic system ends 
and lying between the nucleus and the plasmalemma is the post-
acrosomal sheath (PS). The ventral spur (VS) refers to the ventral 
prominence of the sperm head, which is due to the ventral thickening 
of the postacrosomal sheath. The inner part of the ventral spur is col-
ored in smooth gray to convey that this part of the ventral spur is simi-
lar in composition to the perforatorium. The acrosomic system is 

composed of the acrosome (A), head cap (HC) and separated head cap 
segment (HCS). The outer periacrosomic layer (OP), lying between 
the plasmalemma and the acrosomic system, is continuous structur-
ally with the perforatorium and acrosomal sheath. The region of the 
outer periacrosomal layer adjacent to the acrosornic head cap is 
denoted in smooth gray to convey that this part of outer periacrosomal 
layer is similar in composition to the perforatorium. The dashed white 
line at the base of the nucleus indicates the borderline of the perifossal 
zone. Labels: PM, plasma membrane; A axoneme; M mitochondria; 
ODF outer dense fibers. Reproduced from Oko RI, Clermont Y (1991) 
Biogenesis of specialized cytoskeletal elements of rat spermatozoa. 
Ann N Y Acad Sci 637:203–223
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(rat) the ER cisternae are dispersed in the cytoplasm where 
they are arranged as a 3-D network of spherical and tubular 
cisternae connected by small tubules that line the plasma 
membrane. In steps 8–14, the ER lines the microtubules of 
the manchette as long tubes or plates, appears along the fla-
gellum in the form of a fenestrated sleeve, and encloses large 
vacuoles as fenestrated spherules. The ER is also continuous 
with the annulate lamellae and an aggregate of radially 
arranged collapsed cisternae termed the radial body. At steps 
15–19, the ER regresses, fragments, and then disappears from 
the cytoplasm [76].

21.4.3  Chromatoid Body: Structure  
and Functions

The chromatoid body is a spongy-looking mass of electron 
dense granulofilamentous material with areas of low electron 
density that are associated with numerous small vesicles [77–
80]. It first appears as an inter-mitochondrial dense material 
in pachytene spermatocytes. During early spermiogenesis, 
the chromatoid body is closely associated with the Golgi 
apparatus and multivesicular bodies and moves on the nuclear 
envelope, where continuities are noted between the chroma-
toid body material and intranuclear dense particles through 
nuclear pore complexes [81]. Later, the chromatoid body 
moves away for the Golgi apparatus toward the centrioles 
occupying the opposite pole of the nucleus where it associates 
with the annulus [77, 82]; in humans, it is transferred to the 
residual body at the time of spermiation [83]. While the chro-
matoid body does not contain DNA [84], it has been proposed 
to be involved in RNA storage and processing and contains 
snRNP, hnRNP proteins, TP2 mRNA, histone H4, ribosomal 
RNAs, large ribosomal subunit proteins P1/P2, and mRNA-
binding proteins p48/52 [79, 80, 84–88].

21.4.4  Intercellular Bridges

During spermatogenesis, numerous mitotic and meiotic divi-
sions occur in which cytokinesis begins, but is arrested such 
that daughter cells remain connected by intercellular bridges. 
The intercellular bridges are large (approximately 1 mm) open 
channels between clones of germ cells that are lined by an 
electron dense layer on the inner aspect of their membrane 
and that contain ER, mitochondria, ribosomes, filaments and 
microtubules [89–91]; it has been shown that, thanks to these 
bridges, genetically distinct spermatids can share the product 
of transgenes, thus making them phenotypically equivalent 
[92]. Hundreds or even thousands of germ cells may be con-
nected by intercellular bridges [41, 91]. Intercellular bridges 

provide physical support and synchronous development for 
the clones of developing germ cells by facilitating the spread 
of regulatory substances throughout the clone [41, 90, 93]; 
removal of a specific protein (TEX14) prevents the formation 
of these bridges, blocking spermatogenesis at the first meiotic 
division, thus resulting in infertility [94].

21.4.5  Sperm Head and Nuclear  
Modifications

During spermiogenesis, the nucleus undergoes several major 
modifications, including a change in shape, compaction of 
its chromatin, protein expression and metabolic activity. In 
the early steps of rat spermiogenesis, the spermatid nucleus 
is round, occupies the center of the cytoplasm of the cell and 
is metabolically active. In the rat, when the acrosome is fully 
formed at the end of stage VIII, the spherical spermatid 
nucleus migrates to the periphery of the cell and becomes 
oriented with the acrosome intimately apposed to the overly-
ing plasma membrane. From stage IX onward, the nucleus 
takes on its species-specific shape. The structure of the head 
components of the rat spermatid has been studied extensively 
[72, 95]. The transformation of the nucleus, acrosomic sys-
tem, and perinuclear theca (perforatorium and postacrosomal 
dense lamina) during the maturation phase of spermiogene-
sis (steps 14–19) has been reviewed recently [96].

At about step 8 of spermiogenesis, the nucleus ceases 
metabolic activity and the chromatin begins to condense 
along with nuclear elongation. Despite the cessation of RNA 
synthesis at this time, the male gamete undergoes dramatic 
changes [68, 97]. During spermatogenesis, before and during 
meiosis, most of the basic nuclear somatic-type histones are 
replaced by testis-specific histones, such as H1t and others. 
During spermiogenesis, these are replaced with transition 
proteins (TP1, TP2), followed by their replacement with 
highly basic protamines [98, 99]. These proteins are involved 
in molecular remodeling and species specific compaction of 
the male genome within the differentiating spermatid nucleus 
[100]. The loss of H1t in spermatid nuclei appears to be 
involved in changing chromatin from a euchromatin to a fila-
mentous form; the appearances of TP1 and TP2 are related to 
chromatin condensation [88]. This is followed by further 
DNA compaction induced when protamines bind to DNA, 
displacing the other chromatin proteins [101, 102].

Protamines are arginine-rich proteins of the testis. Two 
types of protamines are present, protamine 1 and 2, both are 
hypermethylated and evident in round spermatids. Protamine 1 
is present in most mammals [103], while protamine 2 is found 
in a few mammals, including humans [104]. Protamine 1 has 
polyarginine DNA binding domains, while protamine 2 is syn-
thesized as a precursor protein processed after binding to DNA 



35121 An Overview of Sperm Production

in late spermatids. Binding of protamines to DNA condenses 
the DNA into a highly compact form. Protamine binding to 
DNA induces the coiling of DNA into donut or toroidal struc-
tures [105]. Histone to protamine exchange in spermatids is 
preceded by hyperacetylation of core histones resulting in 
decreased DNA–histone interaction. In the human testis, hyper-
acetylated histone H4 displays a strong signal in nuclei of elon-
gating spermatids and spermatogonia, wherein it appears to 
play an important role in correct histone-to-protamine exchange 
[106]. In human sperm, histones remain as 15% of the nuclear 
proteins, whereas in rodents, the proportion of histone remain-
ing in spermatozoa is in the range of 1% [107, 108].

The dramatic change in chromatin architecture also requires 
the appearance of DNA strand breaks because most of the 
DNA supercoiling is eliminated in the maturing sperm [109]. 
In the human testis, there is an increase in DNA strand breaks 
in the nuclei of round spermatids coincident with chromatin 
remodeling [110]. Chromatin in pachytene spermatocyte 
nuclei is loosely packed because of the poor DNA and chro-
matin condensing property of the testis specific linker histone 
H1t, which lacks a DNA condensing domain. TP1 is a DNA 
melting protein, while TP2 is a DNA condensing protein 
[101]. TP2 has two zinc finger modules and is phosphorylated 
by sperm specific protein kinase A. The phosphorylation and 
dephosphorylation cycle plays a role in the chromatin conden-
sation process [111]. The chromatin domain containing the 
two human protamines and TP2 forms a DNase I-sensitive 
conformation in pachytene spermatocytes; this persists in 
mature sperm [112, 113]. In addition, this domain contains an 
enrichment of histones, and the distribution of histones and 
protamines within the sperm nucleus is nonrandom [114].

The protamine mRNAs are stored in the cytoplasm for 
about a week before the protamine protein is synthesized. 
Testis Brain RNA-binding protein (TB-RBP, translin, TSN) 
is present in the cytoplasm of round spermatids, functions 
with the cytoskeleton and facilitates both translational regu-
lation of stored mRNAs and their transportation between 
cells [115]. It accumulates in the cytoplasm of spermatogo-
nia and during meiosis enters the nuclei of pachytene sper-
matocytes, functioning as a DNA-binding protein for gene 
rearrangements. It travels from cell to cell via the intercellu-
lar bridges [116]. Given the large number of proteins that are 
synthesized in spermatids well after transcription stops, it is 
likely that there are a number of other RNA binding proteins 
yet to be identified in these cells.

Translationally inactive, sperm nuclei have been shown 
recently to contain both mRNAs and noncoding RNAs, i.e., 
miRNA and piRNAs [117–120]; the functional significance 
of these RNAs is unclear since sperm cannot synthesize pro-
teins, and their contribution to the zygote is likely to be 
extensively diluted by the contribution of the oocute; how-
ever, they may play a role in selective activation of paternal 
genes after fertilization.

21.4.6  Structure of the Flagellum

As the acrosome grows on one pole of the nuclear surface, 
paired centrioles move to the opposite pole, where they initi-
ate formation of the flagellum. The flagellum consists of a 
neck or connecting piece, and middle, principal and end 
pieces. Throughout its length, the flagellum shows specific 
modifications [96]. A central axoneme consists of nine 
microtubular doublets circularly arranged to form a cylinder 
around a central pair of single microtubules. In the middle 
piece, the axoneme is surrounded by an outer cylinder of 
nine outer dense fibers arranged as nine rod-like structures 
that run parallel to the axoneme; they play a role in protect-
ing sperm against shearing forces, defining waveform and 
generating motility [121, 122]. A discontinuous helix of 
individual elongated mitochondria is arranged around this 
cylinder. In the principal piece, the mitochondrial helix is 
absent and a fibrous sheath composed of its own unique pro-
teins replaces two of the outer dense fibers. The fibrous 
sheath may play a role in directing the sperm wave form 
[123]. The principal piece is 10 times the length of the mid-
dle piece and terminates in the end piece. In humans, the 
total length of the flagellum is 45 mm. The annulus is the site 
of junction between the middle and principal piece.

A-kinase-anchoring protein, or AKAP, controls cAMP-
dependent protein kinase (PKA) [124] and has been localized 
to the flagellum, midpiece and acrosome [125–127]. WAVE1, 
a member of the Wiskott–Aldrich syndrome family of adaptor 
proteins, has been identified as an AKAP that targets actin and 
is localized to the Golgi apparatus of spermatocytes and round 
spermatids, whereas in elongating spermatids, it is localized to 
the mitochondrial sheath [128]. Several putative partners of 
WAVE1, such as the regulatory subunit II of PKA, are also 
localized to the flagellar mid piece. Collectively, these data 
suggest that a functional signaling unit is established by 
WAVE1 and associated proteins in maturing sperm [128].

The outer dense fiber proteins are synthesized during the 
latter part of spermiogenesis [129, 130], long after transcrip-
tional activity in the haploid germ cell has ended. They are 
translationally regulated, with their mRNAs being stored in 
an electron dense amorphous granulated body which is abun-
dant in the cytoplasm of elongated spermatids at steps 15–17, 
at the time of peak outer dense fiber assembly.

The fibrous sheath extends throughout the principal piece, 
where it lies under the plasma membrane and surrounds the 
outer dense fibers and axoneme [96]. It consists of two longi-
tudinal dense columns connected by circumferential ribs. It 
provides form and rigor to the flagellum and determines the 
shape of the flagellar beat [131]; infertility is associated with 
sperm with defective fibrous sheaths [132]. Several proteins 
have been identified, with the most abundant being phospho-
rylated [133, 134]. Intermediate filament-like proteins also 
appear to be present in the fibrous sheath [123]. Interestingly, 
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a number of glycolytic enzymes have been shown to be bound 
to the fibrous sheath [135], and null mutations for enzymes 
such as glyceraldehyde 3-phosphate dehydrogenase-S result 
in immotile sperm and consequent male infertility [136].

The perforatorium is the expanded subacrosomal region of 
the perinuclear theca [72]. The perforatorial proteins are syn-
thesized during the meiotic prophase, reaching a peak in early 
spermiogenesis prior to the initiation of the condensation of 
the nucleus of spermatid at which time RNA synthesis stops. 
The perforatorial proteins are concentrated in the nuclei of 
pachytene spermatocytes and round spermatids until their 
displacement into the cytoplasm during nuclear condensation 
[137]. The perforatorium contains several proteins of differ-
ent molecular weights [138, 139]. The major protein of the 
perforatorium is PERF 15, a 15-kDa protein that shares simi-
larities with members of the family of fatty acid-binding pro-
teins. It appears that the outer aspect of PERF 15 may play a 
role in development and stabilization of the acrosome and 
shaping the sperm [140]. The extracellular protein coat of the 
inner acrosomal membrane (IAM38), facing the perinuclear 
theca, is involved in secondary sperm–zona binding and 
penetration during fertilization [141].

The axoneme is essential for motility and consists of over 
240 different proteins [142]. In humans, the radial spoke pro-
tein 44 gene, also termed RSP44, produces the protein desig-
nated as human meichroacidin. The latter localizes to the 
tails of elongating spermatids, where it appears within radial 
spokes of the axonemal complex and plays a role in sperm 
motility [143].

21.5  Conclusions

The last half of the twentieth century saw an explosion in our 
understanding of the process of spermatogenesis and of the 
remarkably complex and unique cellular elements that con-
stitute spermatozoa. Over the last 10 years, the functions of 
many germ-cell specific proteins are being resolved thanks 
to ever-rapidly developing molecular biology tools. However, 
we still have a very limited understanding of the regulatory 
factors that control the assembly of spermatozoa, of the cell 
signaling mechanisms that allow for the complex communi-
cation among germ, Sertoli and Leydig cells, and of how 
extrinsic factors such as drugs and environments conditions 
modulate changes in both the quantity and quality of sperma-
tozoa that are produced. With the rapid development of our 
understanding of the genetic and epigenetic mechanisms that 
regulate the sperm proteome and function, we can look for-
ward to resolving the underlying causes of male infertility, to 
developing new therapeutic approaches for its treatment, and 
to identifying specific and selective approaches for male 
contraception.
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Abstract It has been suggested that reduced recombination is 
associated with the production of paternally derived aneuploid 
gametes. Recent studies have shown major defects in recom-
bination and synapsis of chromosomes in infertile men who 
have an increased frequency of aneuploid sperm. Given this 
information, the aim of this chapter is to provide a brief over-
view of human spermatogenesis and meiosis, and to investigate 
previous and current techniques used to further our understand-
ing of chromosomal synapsis and genetic recombination. The 
chapter also covers the: current understanding of the timing 
and progression of synaptonemal complex (SC) formation, SC 
abnormalities, the frequency and variation of meiotic recombi-
nation in control males and azoospermic infertile males, and the 
clinical implications for meiotic recombination studies.

Keywords Meiosis • Spermatocytes • Recombination • 
Synaptonemal complex • Aneuploidy • Chromosomal synapsis 
• Pachytene

22.1  Introduction

Spermatogenesis in the male begins at the onset of puberty, 
takes approximately 70 days to complete in humans and is a 
continual process occurring in the seminiferous tubules within 
the testes. Spermatogonia (containing a diploid number 
(n = 46) of chromosomes) develop from primordial germ cells 
that lie within the tubules, and at puberty the spermatogonia 
undergo mitosis. Of these progeny, some continue to divide 
indefinitely, while others undergo meiosis and become pri-

mary spermatocytes. These primary spermatocytes continue on 
to division I of meiosis, becoming secondary spermatocytes. 
By the end of the second meiotic division, these cells are 
spermatids, which then undergo a series of morphological 
differentiation steps in order to become spermatozoa.

22.2  Meiosis

From a genetic point of view, the two key features of sper-
matogenesis are the specialised form of cell division (meiosis) 
that takes place to halve the number of chromosomes within 
the gametes, and the generation of genetic variation among the 
population through genetic recombination. The most impor-
tant meiotic stage is considered to be meiosis I prophase, 
during which, homologous chromosomes come together (syn-
apsis) and an intimate physical coupling of the homologous 
chromosomes allows exchange of genetic material (genetic 
recombination) [1]. During subsequent stages of meiosis I, 
homologous chromosomes segregate and the cell divides into 
two cells. During meiosis II, sister chromatids in each of these 
cells separate and the cells divide again, resulting in the gen-
eration of four germ cells containing a haploid number of 
chromosomes (n = 23). It is hypothesised that chromosome 
pairing and recombination of chromosomes is critical for the 
normal progression of spermatogenesis and to ensure that 
chromosome segregation occurs correctly. Any alteration in these 
vital meiotic events results in chromosomal non-disjunction 
(abnormal segregation of chromosomes) and sperm that have 
missing or extra chromosomes (aneuploidy).

Aneuploidy is the leading cause of infertility, birth defects, 
developmental defects and pregnancy loss in humans. 
Aneuploidy in humans is surprisingly prevalent, estimated to 
affect 0.3% of live births, 4% of stillbirths and up to 35% of 
spontaneous abortions [2]. Information is emerging that while 
meiotic recombination is essential for providing genetic vari-
ability within the population, it also appears to play a crucial 
role for correct chromosome segregation, ensuring the forma-
tion of haploid gametes [3]. Several studies to date have 

H.G. Tempest 
Department of Medical Genetics, University of Calgary, Calgary, AB, 
Canada 
Herbert Wertheim College of Medicine, Department of Human and 
Molecular Genetics, Florida International University, Miami,  
Florida, USA, 33199

R.H. Martin (*) 
Department of Medical Genetics, University of Calgary, 3330 Hospital 
Drive, Calgary, AB, Canada T2N 4N1 
e-mail: rhmartin@ucalgary.ca

Chapter 22
Meiotic Recombination and Errors During Spermatogenesis

Helen Ghislaine Tempest and Renee Halo Martin

D.T. Carrell and C.M. Peterson (eds.), Reproductive Endocrinology and Infertility: Integrating Modern Clinical and Laboratory Practice, 
DOI 10.1007/978-1-4419-1436-1_22, © Springer Science+Business Media, LLC 2010



358 H.G. Tempest and R.H. Martin

 demonstrated that a reduction in genetic recombination in 
lower organisms is associated with increased frequencies of 
aneuploidy in the gametes [4]. Single sperm typing has also 
provided evidence of this association in human sex chromo-
somes – reduced recombination within the pseudoautosomal 
pairing region is associated with increased sex chromosome 
aneuploidy [5]. Reduced recombination between the sex chro-
mosomes has also been observed in paternally derived cases 
of Klinefelter syndrome (47,XXY) [6, 7]. However, little is 
known about the patterns of meiotic recombination in human 
germ cells or the mechanisms through which these are con-
trolled [8]. Our current understanding of the progression and 
patterns of recombination will form the basis of this review.

22.2.1  Techniques Used to Study Genetic 
Recombination

Genetic recombination in human spermatogenesis has been 
studied for several decades through genetic linkage studies, 
single sperm typing by PCR, the cytogenetic study of chias-
mata at diplotene and diakinesis and, more recently, through 
immunocytogenetic studies.

Genetic linkage studies allow genetic measures of recom-
bination to be calculated over relatively short genomic seg-
ments (typically regions of individual chromosomes) through 
the identification of genotype data in families [9, 10]. The use 
of this method to study the entire genome in individual meioses 
is inefficient, however [9], and few genome wide studies have 
been reported [11].

Microsatellite typing using PCR on single sperm cells has also 
been utilised to estimate the frequency of recombination between 
two selected markers on a given chromosome [5]. Again, while 
this is a useful technique, it is technically demanding and can 
generate information only on the region between the two micro-
satellite markers chosen on the chromosome of interest.

Hultén and colleagues have been at the forefront of cytoge-
netic studies of genetic recombination, and have conducted 
numerous studies on meiotic recombination in both mice and 
human meiocytes by studying chiasmata at diplotene and diaki-
nesis stages of metaphase I. This technique is limited by techni-
cal difficulties, as chiasmata at the diplotene stage are difficult 
to distinguish from chromosome twists, while diakinesis prepa-
rations are notoriously difficult to analyse due to highly con-
densed chromatin and poor chromosome morphology/banding 
[1]. These conditions make it difficult to pinpoint chiasmata to 
individual chromosomes or specific chromosome regions. 
Some of the technical difficulties in identifying individual chro-
mosomes can be overcome by using multi-colour fluorescence 
in-situ hybridisation (FISH) on diakinesis preparations, but due 
to the extreme condensation of the chromatin, specific chromo-
some regions are still indistinguishable. In addition, the amount 

of data that can be generated by these techniques is restricted, 
as the diplotene and diakinesis stages are relatively short, so 
only a small proportion of nuclei are found at these stages. 
Thus, this method is able to generate relatively crude recombi-
nation maps, but not high-resolution maps [9].

More recent immunocytogenetic techniques have proved 
advantageous. The identification of meiotic proteins in 
knockout mice has enabled researchers to study chromosome 
pairing and recombination in spermatogenesis using rela-
tively simple immunocytogenetic methods. The use of immu-
nocytogenetic studies on pachytene spermatocytes has 
alleviated the technical disadvantages of traditional cytoge-
netic methods, as there are a large number of readily acces-
sible cells in which the synaptonemal complex can be studied. 
Fine mapping of individual chiasmata is possible using a 
combination of immunocytogenetic and FISH techniques to 
identify individual chromosomes [1, 8]. The major limiting 
factor in these studies is the difficulty in obtaining the tes-
ticular material required to undertake this type of analysis. 
As a result, studies to date are predominantly focused on 
men undergoing vasectomy reversals and infertile men with 
obstructive and non-obstructive azoospermia. The advantage 
of such studies are that they enable the total number and 
position of recombination events within a single nucleus to 
be observed, and provide an overview unavailable from linkage 
or sperm typing analyses [1].

22.2.2  Identification of Key Proteins Involved 
in Mammalian Chromosome Synapsis 
and Recombination

Until relatively recently, the vast majority of research in mei-
otic recombination has been carried out in lower eukaryotes 
such as saccharomyces cerevisiae and drosophila. Recently, 
an immunocytogenetic approach, identifying proteins at the 
pachytene stage of prophase I in the mammalian meiotic 
recombination pathway, has been used to investigate mam-
malian recombination [3]. Since large numbers of spermato-
cytes (derived from testicular tissue) are available per 
individual for investigation at pachytene, normal baseline val-
ues for meiotic events can be established [8, 9]. Visualisation 
of meiotic proteins has been possible by using antibodies to 
the synaptonemal complex (SC; SCP1 and SCP3), to sites of 
genetic recombination (MLH1) and to the centromere 
(CREST – calcinosis, Raynaud’s phenomenon, oesophageal 
dysfunction, sclerodactyly, telangiectasia). The SC is a pro-
teinaceous complex composed of axial elements (SCP3) and 
transverse elements (SCP1), that “zipper up” homologous 
chromosomes, linking them together during prophase of 
meiosis I [12]. During this period, the chromatin of each chro-
matid is organised into an array of loops [13] around the SC. 
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The use of anti-CREST antibodies to pinpoint the centromere 
aids in analysis of pachytene spreads. A mismatch repair 
protein, MutL homologue 1 (MLH1), was identified when it 
was observed that meiotic recombination was practically 
absent in a male knock-out mouse cancer model missing the 
gene for this protein [14]. In wild-type mice with functional 
copies of the mlh1 gene, discrete foci were observed on SCs 
during pachytene, and the overall number and positions of the 
foci corresponded to previous cytogenetic studies of chias-
mata in mice. This finding suggested that in addition to its 
function as a mismatch repair protein, MLH1 was also 
involved in the process of meiotic recombination, localising 
at the sites where genetic exchanges take place during 
pachytene – and that absence of MLH1 results in a break-
down of this process. Initial data on the number and location 
of foci (generated to determine whether MLH1 is a suitable 
marker for genetic recombination) are reassuring, produc-
ing markedly consistent results when compared to both con-
ventional genetic linkage studies and cytogenetic studies 
[15]. Marcon and Moens [16] provided further corrobora-
tion: using okadaic acid (a phosphatase inhibitor), they 
demonstrated that MLH1 foci are localised at chiasmata. 
Through the rapid and reliable analysis of the localisation of 
these proteins, it is possible to generate both chromosome-
specific and genome-wide genetic maps [8, 17].

22.2.3  Timing and Progression of SC 
Formation

Immunocytogenetic studies have been crucial to the unravel-
ling of molecular events during meiotic recombination, 
including the timing and progression of SC formation (chro-
mosomal synapsis). It is apparent that the first components 
of the SC that form are those of the axial elements (SCP3), 
which are first visible during the leptotene phase of prophase 
I. By zygotene, these become full-length axial elements 
along the length of sister chromatids. As these sister chroma-
tids come into close proximity, transverse elements (SCP1) 
form between the axial elements, and by pachytene, the 
homologous axial elements have been “zippered up” [12, 
18]. Immunocytogenetic studies have begun to shed light on 
not only the timing of SC assembly, but also on the process 
by which homologous SCs synapse. In humans, it appears 
that the initiation of synapsis is tightly controlled, with few 
inter-individual differences [19]. In acrocentric chromo-
somes, initiation of synapsis occurs at the distal end of the 
long arm; in metacentric and sub-metacentric chromosomes, 
there are two initiation sites, located distally on the p- and 
q-arms of the chromosomes, and synapsis proceeds towards 
the centromere. In non-acrocentric chromosomes, the cen-
tromere itself appears to act as a barrier, and hinders synapsis: 

if synapsis is completed on one arm prior to the other, it does 
not proceed past the centromere to the other arm [19]. While 
the initiation of synapsis occurs preferentially at the distal 
ends of chromosome arms, Brown et al. [19] have provided 
evidence that the site of initiation is found in sub-telomeric 
regions rather than within the telomere itself. To date, however, 
it remains to be established whether synapsis start sites 
require specific DNA sequence(s) or whether they are found 
within sub-telomeric repeat regions.

22.2.4  Fidelity of Meiotic Chromosome 
Synapsis

Immunocytogenetic analyses, when SC formation is com-
plete in all bivalents at pachytene, have revealed potential 
perturbations in chromosome synapsis [8]. In particular, the 
observation of discontinuities (gaps) and unpaired regions 
(splits) along the length of the SC is indicative of abnormal 
fidelity in chromosome pairing during prophase I (Fig. 22.1). 
These SC abnormalities are not attributable to the immuno-
cytogenetic technique itself, as they have been previously 
observed using silver staining and light microscopy [20]. On 
average, Sun et al. [8] found gaps in 35% and splits in 7.5% 
of spermatocytes in 11 control males. However, a large 
degree of variation was found between individuals, with 
ranges of 20–58% and 0–37% for gaps and splits, respec-
tively. Identification of individual SCs has revealed that gaps 
occur most commonly within the heterochromatin regions of 
chromosomes 1 and 9 [8], with 91% of events located on 
9qh. Splits in the SC were primarily located on chromosomes 
1 and 9, with 9qh splits accounting for 58% of events [21]. 
Since correct pairing and meiotic recombination are required 
to ensure correct chromosome disjunction, abnormalities in 
chromosome pairing and synapsis may lead to aneuploidy 
and all its resultant clinical implications.

22.2.5  Variation in Meiotic Recombination 
Frequencies

Physical interaction of DNA molecules through reciprocal 
recombination [22] enables the formation of chiasmata 
between homologous chromosomes [18]. It has long been 
recognised that the process of meiotic recombination is con-
trolled genetically, and that there is strict regulation of both 
the number and distribution of these exchanges [8]. There is 
however, evidence of inter-species variations in the overall 
frequency of recombination (in flies, bacteria, fungi, plants 
and mammals) and sex-specific differences within the same 
species [23–25]. For example, in most studies, the frequency 
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and distribution of meiotic recombination foci is markedly 
different between the sexes in humans, with a much higher 
frequency of recombination events in females than in males 
(approximately 95 MLH1 foci per oocyte, vs. 50 per sperma-
tocyte) [1, 8, 9, 17, 26, 27]. In one of the few studies where 
the frequency of MLH1 foci was lower (approximately 70 
per oocyte), Tease and Hultén [28] noted that SC length in 
oocytes is longer that that in spermatocytes, suggesting that 
perhaps SC length may be the determining factor for recom-
bination focus frequency. It is clear that recombination events 

are not fixed, but are subject to intrinsic factors (e.g. genetic 
background) [29] and extrinsic factors (e.g. environmental 
and age effects) [30–32] that contribute to the significant 
intra- and inter-individual variability observed.

In normal men, there is a significant amount of variability 
in recombination frequencies between individuals (% differ-
ence) and among cells from the same individual (range). This 
variation was first shown cytologically when Laurie et al. [33] 
reported significant variation in chiasmata frequency between 
chromosome arms (especially for larger chromosomes), and 
was further confirmed when Laurie and Hultén [34] reported 
a 16% difference in the mean number of chiasmata per cell 
among 13 donors (range 46.3–53.7). The more recent use of 
immunocytogenetic methods gave similar results, with the 
following levels of variability observed in control donors: 
23% difference among 11 donors (range 42.5–55.0) [8]; 20% 
among 25 donors (range 46.2–55.3) [9]; 15% among 14 donors 
(range 46.2–52.8) [26] and 13% in 10 donors (range 46.4–
53.2) [17]. Studies have sought to identify the source of this 
well-reported variability in human male spermatocytes. 
Although SC formation is essential for the production of 
recombination nodules, Sun et al. [8] found no evidence of an 
association between reduced recombination frequencies and 
the number of gaps/splits per SC or per individual, so recom-
bination frequency variability does not appear to be associated 
with errors in chromosome synapsis. To date, the underlying 
cause of this variability remains to be elucidated.

22.2.5.1  Age Effect

The question of an age effect on genetic recombination is 
something that has sparked a great deal of interest. The pres-
ence of an age effect in females does not seem improbable, 
especially given the well-established association between 
the elevated risk of the producing an aneuploid conceptus 
and increasing maternal age. Indeed, there is evidence that a 
decreased recombination frequency in females is correlated 
with advancing age in mice [35–37], hamsters [38] and in 
humans for the telomeric and pericentromeric regions of 
chromosome 21 [31]. A similar association between paternal 
age and decreased recombination in mammals has not been 
identified [8, 11, 26, 39] with the exception of two studies 
carried out by Sun et al. [17, 40].

22.2.5.2  Achiasmate Bivalents

Achiasmate autosomal bivalents (i.e. bivalents lacking a 
recombination event) are found in approximately 0.1–5% of 
control men [8, 17, 18, 41]. Achiasmate bivalents are clini-
cally relevant, as these bivalents that lack recombination foci 
and are thus unable to orientate themselves on the metaphase 

Fig. 22.1 Human pachytene spermatocyte. (upper) SCs are shown in 
red, centromeres in blue and MLH1 foci in yellow. Discontinuities 
within the SCs are indicated (SC gaps –g; SC splits -sp an enlarged 
example is inset top right). (lower) Subsequent cenM-FISH analysis 
allows identification of individual chromosomes so that recombination 
(MLH1) foci can be analysed for each SC. Numbers positioned by the 
centromeres (upper) correspond to individual chromosomes as identi-
fied by cenM-FISH
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plate in order to segregate to daughter cells correctly [18]. 
The absence or reduction of recombination can increase 
sperm aneuploidy frequencies, or can even arrest spermato-
genesis, resulting in infertility [8, 22, 42]. No relationship 
between the mean numbers of autosomal MLH1 and SCs 
containing no MLH1 foci was found in control males, that is, 
individuals with low frequencies of recombination did not 
have an increased frequency of achiasmate bivalents. The 
frequency of sex bodies lacking MLH1 foci was, however, 
notably higher than that found in autosomes, with MLH1 
foci absent in approximately 27–31% of sex bodies [17, 18, 
43]. One study has provided evidence linking a reduction of 
recombination within the sex body to a reduction in auto-
somal recombination frequencies, suggesting that the pres-
ence of recombination within the sex body may be a marker 
for general recombination and for the continuation of the 
meiotic process [43].

22.2.5.3  Meiotic Recombination Maps for Individual 
Chromosomes

Analysis of the frequency of recombination across the genome 
is a useful tool, but the identification of potential chromo-
some-specific effects on recombination in normal men pro-
vides detailed information on recombination formation and 
chromosome–chromosome variation. This enables an assess-
ment of the incidence of aneuploidy for individual chromo-
somes, and could ultimately provide clues to identify the 
source of clinically observed trisomies [40]. Although it was 
possible to study the progression of chromosome synapsis 
and recombination, recombination frequencies and errors in 
chromosomal synapsis using immunocytogenetic methods, 
this technique could not, at first, identify or study specific 
chromosomes. Recently, however, the number and position of 
recombination foci and errors in chromosome synapsis for 
individual chromosomes has been made possible by follow-
ing immunocytogenetic techniques with centromere-specific 
multi-colour fluorescent in-situ hybridisation (cenM-FISH) 
on the same spermatocytes. After capturing and analysing 
immunocytogenetic images of SCs, sites of recombination 
and the centromeres in an individual spermatocyte and record-
ing its exact position on a slide, cenM-FISH is performed, 
and the same pachytene spread is re-captured for analysis and 
identification of individual chromosomes [17, 40, 44, 45] 
(Fig. 22.1). The combination of these two strategies enables 
the analysis of crossover frequencies, distributions and syn-
aptic defects in human germ cells in a precise manner, thus 
providing a means to determine patterns of recombination 
across the whole genome at a chromosomal level that is not 
readily available by other means [40]. The first recombination 
maps for individual autosomal chromosomes was published 
in 2004 using this method [44]. These recombination maps 

address questions about the position and distribution of 
recombination foci across chromosomes [40, 44] and the 
analysis of achiasmate bivalents [40]. Data obtained from 
these studies showed that MLH1 foci preferentially occur 
near medial and terminal regions of the chromosomes, with 
an apparent repression of foci around the centromere [40, 44]. 
With the exception of the short arms of the acrocentric chro-
mosomes, where recombination rarely occurs, each chromo-
some bivalent typically had at least one MLH1 focus per 
chromosome arm. The frequency of MLHI foci per SC varies 
according to SC size, with up to five MLH1 foci observed on 
the larger chromosomes. On average, there is one MLH1 focus 
per SC for the smallest chromosomes and 3.9 MLH1 foci for 
chromosome 1, the largest chromosome [44]. There also 
appears to be positive interference – the presence of one 
recombination focus inhibits the formation of a second one in 
close proximity, and MLH1 foci are rarely found next to the 
centromere [40]. Not surprisingly, a strong association 
between SC length and the number of MLH1 foci has also 
been identified [17, 26, 44]. Analysis of MLH1 foci in 10 
control men revealed that 5% of spermatocytes had one or 
more achiasmate autosomal SCs and that 27% of sex bodies 
were achiasmate [17]. In this study, MLH1 foci were always 
present on SCs 1–10; of the 60 spermatocytes lacking MLH1, 
in decreasing order of frequency, the following SCs were 
involved: SCs 21; 22; 14; 16; 15; 17; 18; 20; 13; 11; 12 and 
19. A significantly higher frequency of achiasmate chromo-
somes was found for chromosomes 21, 22 and the sex chro-
mosomes, with the highest autosomal frequency observed for 
chromosome 21 [17, 43]. This observation may in part be 
explained by the association between SC length and MLH1 
focus frequency. Chromosomes 21 and 22 are the smallest in 
the genome, and recombination can take place only in the 
small pseudoautosomal region of the sex chromosomes, so 
typically only a single recombination event takes place in 
these chromosomes. These findings echo the data provided 
by both sperm karyotyping studies and sperm FISH analysis, 
demonstrating that chromosomes 21, 22, X and Y have the 
highest frequencies of aneuploidy within sperm [46–48].

22.2.6  Meiotic Recombination  
and Chromosome Synapsis  
in Infertile Males

Even as data on genetic recombination and chromosome 
synapsis in normal men (typically vasectomy reversal 
patients) are being generated, studies have begun to investi-
gate infertile men with obstructive azoospermia (OA) and 
non-obstructive azoospermia (NOA), to determine the preva-
lence of errors in chromosome synapsis and recombination 
within these populations.
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22.2.6.1  Chromosome Synapsis Errors in Infertile Men

Evidence from both light- [49, 50] and electron-microscopic 
analyses [51–53] and from immunocytogenetic methods 
indicate that synaptic errors (gaps and splits within the SC) 
can occur at significantly higher frequencies in material 
derived from infertile azoospermic men [18, 41]. Ferguson 
et al. [41] found a significantly increased frequency of SC 
gaps in men with NOA and oligoasthenoteratozoospermia 
(OAT) (32.7% and 38.1%, respectively, versus 26.6% in con-
trols). In 14 NOA men, Sun et al. [18] found a significantly 
increased frequency of splits compared to controls (24% vs. 
10%). Similarly, two NOA males had significantly increased 
frequencies of SC gaps compared to controls (68% and 62% 
vs. 37%), but in the overall cohort, there was no significant 
difference in the occurrence of gaps compared to controls 
(37% of cells in both groups). Several studies indicate that 
abnormal chromosome synapsis may lead to complete [54, 
55] and partial meiotic arrest [56] in men with idiopathic 
infertility. Asynapsis in pachytene may be regarded as a 
cytological manifestation of a spermatocyte whose progress 
through gametogenesis has run into difficulties, and in which 
there is an increased probability of atresia [57–59]. It has 
been suggested that higher levels of extended asynapsis may 
arise from a primary meiotic defect that could be responsible 
for infertility [60]. This hypothesis is supported by Sun et al. 
[18], whose data showed a significantly higher proportion of 
cells in leptotene compared to controls. This suggests a delay 
in the formation of the SC, which could in turn lead to a par-
tial meiotic arrest in NOA males. It has been speculated that 
in NOA men, the succession of meiotic prophase sub-stages 
does not progress normally due to high frequencies of asyn-
apsed regions in pachytene. These asynapsed regions may 
trigger a checkpoint leading to partial spermatogenic arrest, 
and when meiotic defects are severe it may lead to complete 
spermatogenic arrest [18].

22.2.6.2  Recombination Frequency Errors  
in Infertile Men

A number of interesting observations have come from sev-
eral studies investigating recombination frequencies in infer-
tile men with OAT, OA and NOA. In a significant proportion 
of NOA men (45–53%), meiotic cells are absent [18, 27, 54, 
61] or reduced (approximately 10%) due to partial or nearly 
complete meiotic arrest at the zygotene stage [54]. Pachytene 
is the longest of the meiotic stages, and the majority of cells 
(80–90%) are found at this stage in controls [18, 27, 41, 54]. 
However, in NOA men, there is a significantly decreased fre-
quency of pachytene cells (approximately 62%) [18], and an 
increased frequency of cells at other stages [41, 54], suggesting 
a developmental block during prophase in these individuals. 

In addition to the abnormal progression of meiosis, the major-
ity of studies have noted that NOA males have a significant 
reduction in the number of MLH1 foci per cell compared to 
controls (40–42 vs. 46–49) [18, 27, 54], although two studies 
did not observe such a reduction [41, 43]. Interestingly, OA 
males have also been shown to have a small but significant 
reduction in the MLH1 focus frequency compared to controls 
(44.8 vs. 45.9 foci per cell) [27, 54]. In a study of infertile men 
with NOA, OA and OAT, Ferguson et al. [41] observed a 
reduction in recombination in the OAT males studied (33.9 vs. 
47.6 in controls). Although they reported inter-individual vari-
ation with significant reductions in recombination for some 
OA and NOA men, overall, they did not observe reduced 
recombination in these patients. In a number of reports on 
NOA patients [18, 27, 41, 54], the proportion of achiasmate 
autosomal bivalents was also found to be significantly higher 
in NOA males compared to controls (29% vs. 5%) [18].

Increased sperm aneuploidy in infertile men is long estab-
lished, and affects the sex chromosomes in particular [48]. 
Overall, Sun et al. [18] found no significant increase in the 
frequency of sex bodies lacking MLH1 foci in NOA patients 
compared to controls (34.4% vs. 29.1%), although two indi-
viduals did have significantly higher frequencies (76% and 
80%). Codina-Pascual et al. [43] also found no elevation in the 
frequency of sex bodies without MLH1 foci. Interestingly, 
Ferguson et al. [41] found a novel recombination deficiency in 
two men enrolled in their study: a complete absence of recom-
bination between the sex chromosomes. Data from immuno-
cytogenetic studies indicate that an increased frequency of sex 
bodies lacking recombination foci (i.e. abnormalities in sex 
chromosome recombination) may be responsible in some 
NOA males for the increased levels of aneuploid sperm found 
in these men [18, 43], and thus has the potential to give rise 
to offspring with a sex chromosome abnormality [62].

22.3  Conclusions

Increased aneuploidy frequencies found in the sperm of 
infertile men [48] have been mirrored in an increase in chro-
mosome abnormalities in offspring conceived through intra-
cytoplasmic sperm injection (ICSI) – a technique used to 
achieve pregnancies in couples faced with male factor infer-
tility [63, 64]. The underlying mechanism for the increased 
production of aneuploid sperm remains unknown, but a plau-
sible explanation lies in asynapsis and aberrant genetic recom-
bination. Chromosomes 21, 22 and the sex chromosomes are 
particularly prone to non-disjunction in sperm [47, 48], and 
have a higher frequency of non-recombination than all other 
chromosomes [18, 27, 41, 43]. This may trigger a meiotic 
checkpoint interfering with the completion of meiosis, 
potentially leading to meiotic arrest and hence oligozoospermia 
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[17]. However, non-recombinant chromosomes may escape 
such checkpoints and are thus at an increased risk of produc-
ing aneuploid gametes. Paternally derived cases of liveborn 
aneuploid conceptuses have been associated with reduced 
recombination for the involved chromosomes [6, 7, 41], 
providing evidence that a reduced and/or absent genetic 
recombination is a molecular risk factor for chromosome 
non-disjunction in human males [17, 22].

Although the genetic basis of meiotic defects in infertile 
men remains largely unknown, it is clear that affected indi-
viduals have significantly increased frequencies of errors in 
chromosome synapsis and recombination. Indeed mutations 
within the murine SCP3 gene results in sterile mice that have 
unsynapsed chromosomes, as the SC is unable to form result-
ing in massive apoptotic cell death during meiotic prophase 
[65]. Similar mutations in genes involved in chromosome 
synapsis are now being identified in azoospermic men includ-
ing mutations in SCP3 [66] and FKBP6 [67] genes.

Clinical applications arising from this research may 
also have applications for cancer and cryptochidism 
patients in the future. The incidence of cancer and cryp-
tochidism in pre-pubertal boys in the Western world is on 
the rise, and treatment often results in infertility or sterility. 
Freezing and storing testicular tissue from these individuals 
may be the only method that will allow them to conceive 
later in life. Development of methods that enable pachytene 
spermatocyte maturation either through in-vivo or in-vitro 
methods will be required before sperm derived from fro-
zen testicular tissue can be used to establish pregnancies. 
Immunocytogenetic studies on testicular samples are likely 
to provide important practical and functional information 
during the development of these techniques, allowing moni-
toring and testing of both the culture methods and the meiotic 
progression of the maturing spermatocytes. [68].

While the use of immunocytogenetic studies for meiotic 
recombination is presently only a research tool, there is clear 
potential for clinical applications in the future, including: the 
detection and interpretation of abnormal meiotic profiles; 
generating important risk assessments for gamete aneuploidy 
in infertile males; and enabling the use of reproductive 
technologies in boys treated for cancer or cryptorchidism. 
These clinical applications, in conjunction with a furthering 
of our understanding of the aetiology of idiopathic infertility, 
spermatogenic failure and human trisomies will undoubtedly 
greatly impact genetic counselling, and will provide expanded 
insights and opportunities for patients pondering their repro-
ductive choices.
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Abstract The work up of the infertile couple should 
begin after 1 year of unprotected intercourse or sooner if 
infertility risk factors are present. A thorough history and 
physical examination are key components of the evaluation 
and should not be underestimated, as varicoceles and other 
causes of male factor infertility can easily be identified. The 
semen analysis is the only laboratory test that should be 
obtained in all patients. On the basis of the history, physical 
examination, and semen analysis, the decision to pursue fur-
ther testing and the type of testing should be methodical and 
aimed at refining the differential diagnosis. This will allow 
the clinician to counsel the infertile couple about appropriate 
management options.

Keywords  Infertility, male • Azoospermia • Oligozoos 
permia • Infertility, evaluation • Semen analysis

23.1  Introduction

23.1.1 Epidemiology

A male factor is commonly involved in infertility with 
approximately 30% of cases due to a male factor alone and 
20% due to combined male and female factors. Since the 
total contribution of the male factor can be as high as 50%, it 
is imperative that both members of the infertile couple 
undergo proper evaluations.

23.1.2  Goals of the Evaluation

The evaluation of the infertile male should proceed with sev-
eral goals in mind: (1) to identify potentially correctable causes 

of the male factor; (2) to identify non-correctable causes of 
male factor infertility in which the male partner’s sperm may 
be utilized in the assisted reproductive techniques; (3) to iden-
tify uncorrectable causes of male infertility that are not ame-
nable to the assisted reproductive techniques with the male 
partner’s sperm but may best be managed by donor insemina-
tion or adoption; (4) to identify genetic and chromosomal 
abnormalities in order to counsel the patient about implica-
tions to himself or his potential offspring; (5) lastly to identify 
underlying systemic and potentially life threatening diseases 
including, testicular cancer, pituitary tumors, and spinal cord 
tumors [1–4]. Without a full evaluation, these diagnoses may 
go unnoticed.

23.1.3  Timing

A thorough, cost effective male evaluation should be initiated 
when, after 1 year of unprotected intercourse, the couple has not 
conceived. Evaluation may occur earlier if the female is above 
age 35 or if the male has a pertinent history of known infertility 
risk factors, such as testicular cancer or cryptorchidism [5].

23.2  History

23.2.1  Sexual and Reproductive History

The history should begin with a sexual and reproductive 
history. It is important to distinguish between primary and 
secondary infertility. Those patients who have never con-
ceived are considered to have primary infertility, and the dif-
ferential diagnosis of those patients is often larger than those 
whose paternity has been established.

The sexual history should initially focus on the details asso-
ciated with the current attempts at conception. These include 
the length of time the couple has been trying to conceive, 
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the frequency of sexual intercourse and masturbation, and the 
time during the female cycle at which the couple is having 
sexual intercourse. Patients should be educated regarding 
the timing of the menstrual cycle and ovulation. Couples 
should be advised that intercourse should occur up to 6 days 
prior to ovulation and 1 day after ovulation in order to optimize 
fertilization [6].

There are very little data to support the optimal frequency 
of sexual intercourse, however, most experts advise vaginal 
intercourse every 2 days during the time of ovulation. 
Increased frequency of ejaculation through masturbation 
or intercourse can decrease sperm concentrations. Sexual 
intercourse around ovulation ensures that viable sperm are 
potentially present during the 12–24 h, when the oocyte is in 
the fallopian tube and capable of being fertilized. Many com-
mercial lubricants as well as saliva have been shown to be 
detrimental to sperm motility in vitro although in vivo studies 
are lacking [7, 8]. Substances such as peanut oil, safflower 
oil, vegetable oil, and raw egg white as well as a few com-
mercial lubricants appear not to be detrimental to sperm func-
tion and should be recommended if a lubricant is needed.

23.2.2  Childhood History

Childhood history should focus on trauma to the scrotum or 
genital region, prior inguinal or scrotal surgery or a history 
of cryptorchidism. Individuals with a history of unilateral 
cryptorchidism have been shown to have variable sperm 
counts; however, their paternity rates remain similar to that 
of the general population [9]. In contrast, a history of bilat-
eral cryptorchidism is associated with significantly decreased 
paternity rates compared to controls [10].

Testicular trauma has been associated with the produc-
tion of antisperm antibodies. Some retrospective studies 
have shown that testicular salvage procedures may improve 
semen parameters compared with those that underwent 
orchiectomy after testicular trauma [11]. However, the vari-
able indications for orchiectomy could have resulted in 
selection bias affecting the findings. There is conflicting 
data regarding the effects of testicular torsion on semen 
parameters [11, 12].

Surgery in the pelvis, retroperitoneum, and groin may 
affect fertility potential. Pelvic and retroperitoneal surgery 
can cause erectile or ejaculatory dysfunction. During inguinal 
surgery, structures contained within the spermatic cord are at 
risk. Damage to the vas deferens is more likely to be caused 
by ischemia or scarring rather than direct ligation. Specifically, 
hernia repairs with polypropylene mesh have been implicated 
in vasal obstruction due to a dense inflammatory reaction 
[13]. Damage to the testicular artery may cause testicular 
atrophy [2].

23.2.3  Past Medical History

Spermatogenesis, ejaculate volume, and sexual function are 
all complex processes that require coordination of hormonal 
and physiologic events. Medical conditions that disrupt these 
processes can thereby affect overall fertility. Obtaining a 
detailed medical history is paramount when determining 
possible factors associated with male infertility.

Diabetes has been associated with ejaculatory dysfunc-
tion as well as erectile dysfunction. Recent studies of insulin 
dependent diabetics have reported an increased rate of DNA 
fragmentation compared to controls, which may put those 
patients at risk for lower paternity rates [14].

Patients with spinal cord injuries often have erectile dys-
function and ejaculatory dysfunction [15]. Additionally, 
similar recent reports have shown increased DNA fragmen-
tation in sperm of spinal cord patients compared to controls. 
The clinical implication of this remains uncertain [16]. Other 
neurologic diseases with ejaculatory dysfunction include 
multiple sclerosis and Parkinson’s disease. End stage renal 
disease has been shown to impair fertility in a number of 
ways including affecting the hypothalamic-pituitary axis and 
decreasing ejaculate volume [17, 18].

Sexually transmitted diseases and urinary tract infections, 
bacterial and viral, can adversely affect fertility and should, 
therefore, be elicited as part of the history. Genital tract 
infections may impair fertility by direct cytotoxic effect to 
sperm and spermatogenesis. Additionally, infections can also 
cause local inflammatory reactions resulting in obstruction 
of the epididymis or ejaculatory ducts. Lastly, spermatogen-
esis occurs in a protected environment via the blood testis 
barrier, and if an inflammatory reaction is severe enough to 
violate this barrier, the formation of anti-sperm antibodies 
may theoretically follow. HIV infection has also been shown 
to affect semen parameters, specifically motility [19].

A history of recurrent sinopulmonary infections is com-
mon in patients with, cystic fibrosis, ciliary dyskinesia syn-
drome (and Kartagener Syndrome when associated with 
situs inversus), or Young’s syndrome. Anosmia has also been 
associated with Kallman syndrome, which is a cause of 
hypogonadotropic hypogonadism.

23.2.4  Past Surgical History

As stated earlier, surgical procedures in the groin, scrotum, 
retroperitoneum, or pelvis during childhood or as an adult 
can affect fertility. Transurethral surgery may result in retro-
grade ejaculation or failure of antegrade ejaculation as seen 
with transurethral resection of the prostate (TURP), laser 
enucleation procedures, and transurethral microwave surgery 
[20, 21]. Deep pelvic surgery for rectal cancer, inflammatory 
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bowel disease, and diverticulitis can all injure pelvic nerves 
resulting in erectile dysfunction.

Retroperitoneal surgery may result in ejaculatory dys-
function. RPLND for advanced testicular tumors can affect 
the para-aortic sympathetic chain resulting in ejaculatory 
dysfunction. Recent advancements in chemotherapy and 
changes in the template for lymphadenectomy have resulted 
in improvements in ejaculatory function [22]. Additionally, 
anterior lumbar fusions have reported complications of 
ejaculatory dysfunction postoperatively [23].

23.2.5  Medications

Medications have been implicated in impairing multiple 
aspects of fertility by affecting sperm production through a 
direct gonadal toxic effect, altering the hypothalamic pitu-
itary axis, or causing disruptions in transport of sperm by 
impairment of erectile function, ejaculation or libido.

There is clear data linking medications to impairment in 
sexual function, but despite suggestive in vitro data, there is 
a dearth of evidence supporting the in vivo affects of most 
medications on fertility and ultimate paternity. 
Antihypertensive medications have been implicated in 
effecting multiple aspects of male fertility. Calcium channel 
blockers have been the most studied of the antihypertensive 
medications suspected of affecting fertilization [24, 25]. 
This theory, however, has been challenged by studies dem-
onstrating similar IVF fertility rates of those who were on 
calcium channel blockers and those who were not [26]. The 
antihypertensive spironolactone has also been implicated in 
infertility because of its effect as an anti-androgen. 
Spironolactone has been found to inhibit testosterone syn-
thesis as well as to act peripherally on androgen receptors 
[27]. Beta- blockers, specifically, propranolol have been 
found to impair erectile function [28]. Alpha-blockers have 
been associated with decreased ejaculatory volumes and 
lack of emission. Tamsulosin has been implicated in 
decreased contractility of seminal vesicles and vas deferens 
as well as acting on central nervous system theoretically 
affecting neurostimulation of ejaculation [29–31].

Medications that interfere with hormone regulation can 
have a significant effect on fertility. Exogenous testosterone 
supplementation may inhibit the hypothalamic pituitary axis, 
inducing a lack of intratesticular testosterone production, 
which results in decreased spermatogenesis. In addition, 
androgen deprivation therapy for the treatment of prostate 
cancer with GnRH (gonadotropin releasing hormone) ago-
nists will lead to impairment of spermatogenesis. These 
affects are typically reversible if therapy is discontinued. Low 
doses of the 5-alpha reductase inhibitor, finasteride, utilized 
for the prevention of male pattern baldness have been shown 

not to inhibit sperm production [32]. A variety of antibiotics 
have been linked to adverse effects on fertility. High dose, 
long-term nitrofurantoin has been shown to cause maturation 
arrest, but the lower, shorter term doses most commonly used 
in clinical practice are likely safe [33]. Erythromycin, tetracy-
cline, gentamycin, and neomycin have all been shown to 
adversely affect sperm in vitro, but studies of clinical use and 
subsequent effects on semen parameters is lacking [34, 35].

Antidepressants, specifically the serotonin reuptake 
inhibitors, may lead to decreased libido and anorgasmia [36, 
37]. Various other medications including cimetidine, sul-
fasalazine, colchicine, and allopurinol can all impair fertility 
either by affecting spermatogenesis, semen parameters, or 
fertilization [38].

The online databases Reprotox and Reprotext, are com-
prehensive databases covering the fertility effects of specific 
medications and should be consulted regarding the effects of 
a patients current medication list. These resources are typi-
cally available through hospitals and university libraries.

23.2.6  Malignancy

A history of malignancy should be elicited. Patients with 
Hodgkin’s disease, acute lymphocytic leukemia, a variety of 
solid neoplasms as well as testis cancer often demonstrate 
impaired spermatogenesis prior to therapy. Many chemothera-
peutic regimens for these cancers are gonadotoxic [39]. The 
gonadal toxicity of chemotherapy depends on the agent used, 
timing, and dosing of therapy. Alkylating agents, platinum 
based agents, vinca alkaloids, and antimetabolites have all 
been shown to be gonadotoxic [40, 41]. For those patients who 
have received chemotherapy, FSH values have been shown 
to be a reliable marker indicative of injury to the germinal 
epithelium and for return of normal sperm concentrations.

Radiation therapy for malignancy may be gonadotoxic, and 
like chemotherapy, the damage is dose dependent. For those 
patients with testicular cancer who undergo radiotherapy for 
seminoma, permanent infertility is uncommon. However, 
unlike chemotherapy, FSH is a less reliable marker for return 
to normal sperm concentration [4]. Radioactive iodine, for the 
treatment of thyroid cancer, has also been shown to transiently 
increase FSH levels; however, it has not shown to permanently 
effect male fertility [42].

23.2.7  Social History

Social factors have also been implicated as etiologic causes 
of infertility. While controversial, cigarette smoking has been 
associated with adverse effects on semen parameters [43]. 
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Use of recreational drugs including cocaine and heavy 
marijuana use have also been associated with worsening 
semen parameters [44].

Spermatogenesis is temperature dependent and optimally 
occurs 2–4°C below core body temperature. Exposure to occu-
pational environments, which theoretically increase scrotal 
temperatures, has been associated with decreased paternity 
[45]. Regular use of hot tubs or saunas has been linked to 
adverse effects on semen parameters. However, the type of 
undergarments worn, boxers, or briefs has not been shown to 
affect the semen analysis [46].

The use of anabolic steroids by athletes has also been 
shown to impair fertility by inducing hypogonadotropic 
hypogonadism. The increased peripheral testosterone causes 
negative feedback on the hypothalamic pituitary axis, caus-
ing oligospermia or azoospermia. Some reports have shown 
that the effects of anabolic steroid use are reversible; how-
ever, there are case reports of irreversible damage [47, 48].

23.3  Physical Examination

The physical examination should be focused and thorough. 
General factors that affect overall health can theoretically affect 
sperm production and sexual function. The presence of breast 
development and lack of virilization should be noted. These 
findings may be indicative of a primary or acquired endo-
crinopathy. Kartagener Syndrome is associated with primary 
ciliary dyskinesia (immotile cilia syndrome) with situs inver-
sus. The presence of an inguinal scar suggestive of prior sur-
gery may be a clue to a potential injury to the vas deferens or 
testicular artery. The focus of the physical examination should 
be centered on the male genitalia. The finding of Tanner stage 
less than stage V should be documented and suggests impaired 
androgen action. The presence of penile abnormalities should 
be noted including the presence of chordee, penile plaques, or 
a hypospadiac meatus which could impair erectile function, 
penetration, intercourse, or vaginal deposition of the ejaculate.

The scrotal exam should focus on abnormality or absence 
of the normal scrotal contents including the testis, epididymis, 
and vas deferens. Congenital absence of the vas deferens is 
noted in 1.4% of infertile male population and is associated 
with mutations in the cystic fibrosis transmembrane regulator 
protein (CFTR) gene [49]. These patients should be offered 
genetic testing for CFTR mutations and genetic counseling.

Testis size should be measured, keeping in mind that, in 
the adult, a normal testis size is greater than 20 ml in Caucasian 
or African American males. Asians have been reported to 
have smaller testes. Smaller testis size is suggestive of 
impaired spermatogenesis. Testicular masses may be indica-
tive of testis cancer, which is often associated with decreased 
sperm production.

The patient should be examined in the standing position 
for the presence of a varicocele. Large varicoceles (grade III) 
are easily discovered by inspection of the scrotum with the 
typical “bag of worms” appearance. A moderate (grade II) 
varicocele is palpable by physical examination without a 
Valsalva maneuver. A small (grade I) varicocele is palpable 
only when the patient performs a Valsalva.

23.3.1  Duplex Ultrasonography

Duplex ultrasonography is not necessary in the presence of 
the easily diagnosed varicocele by physical examination. 
The Male Infertility Best Practice Policy Committee of the 
AUA recommends duplex ultrasonography for the work up 
of the infertile male only for those patients with inconclusive 
physical examination. The use of ancillary testing to detect 
non-palpable “subclinical” varicoceles is not recommended. 
Varicoceles are discussed further in the chapter by Tanrikut 
and Schlegel.

23.4  Laboratory Assessment

23.4.1  Semen Analysis

The semen analysis is generally the initial laboratory test for 
evaluation of the infertile male. A minimum of two properly 
collected specimens should be obtained from all patients. If 
the two samples are very discrepant, a third specimen should 
be obtained. It should be noted that while the semen analy-
sis helps guide the diagnostic evaluation, it does not provide 
for definitive separation between those patients who are 
sterile and those who are fertile, but rather may help differ-
entiate those patients that are likely fertile from those who 
may be subfertile.

In order for accurate evaluation, at least two specimens 
should be obtained with specific collection and transporta-
tion guidelines provided by the physician or laboratory. 
Specimens may be collected by masturbation or by special 
condoms for use during intercourse and deposited in a con-
tainer provided by the physician. Samples may be collected 
at home or at the physicians’ office [50]. If collected at home, 
the specimen should be kept warm, typically in a shirt pocket, 
and brought to the office within approximately 1 h.

The semen analysis is typically divided into seven param-
eters: volume, sperm concentration, morphology, motility, 
forward progression, and pH. Sperm concentration on aver-
age is usually reported as total concentration or per ml. The 
WHO reference value for sperm concentration is greater than 
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20 × 106 per ml or 40 × 106 per ejaculate. It should be noted 
that the average sperm concentrations and what is described 
as the reference value does not mean that an individual with 
a sperm concentration below two standard deviations from 
the mean is infertile or that a man with a “normal” sperm 
concentration will be fertile. The seminal analysis is dis-
cussed in detail in the chapter by Bjorndahl.

Low seminal volumes can be caused by incomplete collec-
tion, obstruction, retrograde ejaculation, or congenital absence 
of the vas deferens. The pH is determined by a balance 
between the acidic prostatic secretions, which enter directly 
through prostatic ducts into the urethra, and the alkaline semi-
nal vesicle fluid, which enters the ejaculatory ducts. Normal 
pH is approximately 7.2. Therefore, a patient with semen 
analysis with a low volume and low pH suggests either 
obstruction of the ejaculatory ducts or absence or dysfunction 
of the seminal vesicles as is found in patients with CBAVD. 
Whereas, low volume but normal pH, may suggest retrograde 
ejaculation or ejaculatory dysfunction.

Defects in other semen parameters may be indicative of 
specific causes of infertility. For example, sperm that agglu-
tinate is suggestive of the presence of anti-sperm antibodies. 
Additionally, sperm morphology is an evaluation of the 
sperm shape. Because there is variation within the infertility 
literature as to what criteria are used to define normal and 
abnormal as well as what percentage of normal sperm are the 
lower limits of normal, it is important for the clinician to be 
familiar with the laboratory performing the examination.

Under wet mount microscopy, both immature germ cells 
(such as spermatocytes) and white blood cells appear similar 
and are termed “round cells.” While there is a growing shift in 
laboratories to differentiate between these two cell types in 
the semen analysis report, many laboratories still report all 
round cells as white blood cells. It is therefore important for 
the clinician to understand the distinction that must be made 
if round cells are reported [51]. Special staining to differenti-
ate germ cells from leukocytes is recommended, when the 
patient has greater than 10–15 round cells per high power 
field. The presence of greater than 1 million white blood cells 
per milliliter within the semen sample is termed pyospermia. 
While excess leukocytes does not necessarily indicate a geni-
tal tract infection, genital cultures for Mycoplasma genitalia 
and, Chlamydia Trachoma should be performed since these 
organisms have been shown to be detrimental to sperm. A 
morning, first voided urine may be sent for nucleic acid test-
ing for the presence of these organisms [52].

23.4.2  Hormonal Evaluation

Endocrine causes of male infertility are present in less than 
3% of patients and are extremely rare among men with 

normal semen parameters [53]. The results of hormonal 
studies may diagnose true endocrine abnormalities responsi-
ble for the infertility or may be of prognostic value for patient 
management. The primary indication for hormonal evaluation 
of sperm concentration is less than 10 million per ml. Additional 
indications include the presence of gynecomastia, decreased 
androgenization, sexual dysfunction, or decreased libido. 
The initial plasma tests should consist of an FSH and a morn-
ing testosterone determination. While gonadotropins are 
secreted in a pulsatile manner, single determinations are usu-
ally adequate with pooled blood samples reserved for situa-
tions when the results of one hormonal determination does 
not fit the clinical situation [54]. Since much of the plasma 
testosterone is protein bound, bioavailable testosterone levels 
are preferred since they yield more accurate determinations 
of true tissue available testosterone levels [55].

Most laboratories provide references ranges for “normal” 
FSH; however, these ranges are not from populations of men 
of known normal fertility. Similar to sperm concentration, 
FSH level should be considered a spectrum and must be inter-
preted in the clinical context rather than be viewed in absolutes. 
High “normal” FSH values are suggestive of spermatogenic 
impairment, while most men with normal spermatogenesis 
have FSH values of less than 5–7 mIU. An elevated FSH with 
a normal testosterone indicates a significant impairment of 
spermatogenesis. On the other hand, those individuals with 
elevated FSH and low testosterone may have primary testicular 
failure with a deficiency in both spermatogenesis and testos-
terone production.

Oligospermic or azoospermic patients with low FSH and 
low testosterone may have hypogonadotropic hypogonadism. 
This is typically caused by a failure of the pituitary gland and 
patients should, therefore, undergo determinations of LH, 
prolactin, and repeat testosterone. Normal prolactin levels in 
the setting of hypogonadotropic hypogonadism can be due to 
Kallman syndrome or other genetically inherited disorders. 
Elevated prolactin levels may be indicative of a prolactinoma 
of the pituitary. Pituitary imaging with MRI should be 
performed in all patients with hypogonadotropic hypogo-
nadism, as some pituitary tumors may be non-functioning 
adenomas.

23.5  Development of a Differential 
Diagnosis

On the basis of the initial history, physical, and semen anal-
ysis with or without hormonal studies, a differential diagno-
sis should be developed. Additional advanced testing may 
be required to narrow down the diagnostic possibilities. 
The included diagnostic algorithms may be used to pursue 
the evaluation in an efficient, organized fashion. A useful 
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initial categorization groups the potential etiologies based on 
the findings of the semen analyses. Common categories 
include low seminal volume, defects in isolated parameters, 
defects in multiple parameters, or all parameters normal. 
Defects in semen parameters can be due to intrinsic defi-
ciency in sperm production or a defect in the transport of 
viable sperm to the oocyte. The algorithms will help direct 
an efficient evaluation (Fig. 23.1–23.4).

23.5.1  Low Seminal Volume

The absence of an antegrade ejaculate is termed ejaculatory 
failure or aspermia and results in a “dry ejaculate.” This may be 
due to retrograde ejaculation in which semen travels retro-
grade from the prostatic urethra into the bladder or due to 
lack of emission, when no semen is deposited in the prostatic 
urethra. Ejaculatory failure is different from azoospermia, in 

Fig 23.1  Algorithm for evaluation of low volume ejaculate.  Excludes azoospermic specimens. TESE = testicular sperm extraction, ART = 
assisted reproductive techniques, Donor = insemination with donor sperm

Low Semen Volume 
or Absent Ejaculate 
(Not azoospermia)

( <1.5 -2 cc )

#’s sperm in urine>
#’s sperm in semen

Retrograde ejaculalation 
1) Sympathomimetics 
2) Discontinuation 
of suspect medications 

Normal Seminal Vesicle 
(<1.5 cm in diameter, no cysts)

ART 
Adoption 
Donor 

Transurethral resection
of ejaculatory ducts

Testicular Biopsy
Possible TESE

Abnormal 

Post ejaculatory urinalysis

TRUS 

Seminal Vesicle Aspiration 

Vasography 
Microsurgical repair 

*if failed

*if failed

*if failed

*if failed

#’s sperm in urine <
#’s sperm in semen

Dilated Seminal Vesicle 
( >1.5 cm in diameter) 

Sympathomimetics 
 Electroejaculation 

Sperm presentSperm absent

Normal 
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which there is an antegrade ejaculate but no sperm are present 
in the seminal fluid. Neurologic disorders such as spinal cord 
injury, multiple sclerosis, Parkinson’s disease, retroperito-
neal surgery, as well as diabetes, and the use of alpha blockers 
may cause ejaculatory failure. All patients with ejaculatory 
failure or low volume ejaculates should be evaluated with 
post-ejaculate urinalyses.

The presence of sperm in the post ejaculatory urinalysis 
in patients with aspermia indicates retrograde ejaculation or 
the passage of some sperm into the urethra. In addition, it 
rules out complete bilateral ductal obstruction. In patients 
with low volume oligospermic semen samples, the finding of 
greater numbers of sperm in the urine than in the semen sug-
gests an important component of retrograde ejaculation. Low 
volume azoospermic specimens suggest the presence of 
ejaculatory duct obstruction or CBAVD. Semen from these 
patients will be acidic and of low volume. The physical exam 
will determine if CBAVD is present. Genetic testing for 
mutations in the CFTR gene and analysis for the 5 T poly-
morphism should be offered to all patients with low volume 
azoospermia, even if vas are palpable, since some patients 

who have palpable vas deferens are congenitally obstructed. 
In a minority of patients, CBAVD is due to an embryologic 
defect not related to CFTR mutations. These patients should 
be offered renal ultrasonography since unilateral absence of 
the kidney is often associated with the vasal defect.

Ejaculatory duct obstruction may be evaluated by tran-
srectal ultrasonography (TRUS) to determine if the seminal 
vesicles are present and whether they are dilated. The normal 
width of the seminal vesicles is 0.4–1.4 cm. A measurement 
of 1.5 cm or greater on TRUS should raise concern for ejacu-
latory duct obstruction. Transrectal aspiration of dilated 
seminal vesicles can be done at the same time as ultrasound 
evaluation. The presence of sperm with the seminal vesicle is 
diagnostic of ejaculatory duct obstruction [56].

23.5.2  Azoospermia

All azoospermic semen samples should be centrifuged. The 
presence of sperm in the centrifuged pellet rules out complete 

Fig 23.2 Algorithm for normal volume azoospermia. TESE = testicular sperm extraction, ART = assisted reproductive techniques
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bilateral ductal obstruction. The finding of atrophic testes in 
patients with normal volume azoospermia suggests a defect 
in spermatogenesis (non-obstructive azoospermia). The 
results of FSH and testosterone studies will determine if this 
is due to a primary spermatogenic defect or is secondary to a 
hormonal deficiency (see Table 23.1). Those azoospermic 
patients who are not thought to have an obstructive etiology 
or a hormonal deficiency should be offered genetic testing 
with karyotype and Y chromosome microdeletion analysis. 
Patients with normal volume azoospermia and normal tes-
ticular volume, FSH, and testosterone levels may have ductal 
obstruction. A testicular biopsy with the option of sperm 

cryopreservation if sperm are present should be offered. 
With the availability of ICSI, a purely diagnostic testicular 
biopsy, without an attempt at sperm retrieval is rarely indi-
cated. The finding of normal spermatogenesis indicates 
obstructive azoospermia.

23.5.3  Oligospermia

All patients with sperm densities of less than 10 million 
sperm per milliliter should undergo hormonal evaluation 

Fig 23.3 Algorithm for asthenospermia. ART = assisted reproductive techniques, TRUS = transrectal ultrasonography of prostate and seminal 
vesicles
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with an FSH and testosterone. Since the vast majority of 
patients with chromosomal abnormalities affecting sperm 
production or AZF deletions have sperm densities of less 
than 5 million sperm per milliliter, karyotype and YCMD 
studies should be reserved for this group of patients [57]. 
Most commonly, isolated oligospermia is idiopathic.

23.5.4  Asthenospermia

Asthenospermia is a defect in sperm motility and can be 
caused by a number of factors including infection with 
pyospermia, varicocele, antisperm antibodies, partial duc-
tal ejaculatory duct obstruction, impaired transport of 
sperm through the ductal system (as may occur with diabe-
tes), prolonged abstinence periods, and ultrastructural 
abnormalities such as primary ciliary dyskinesia. 
Ultrastructural defects are most commonly associated with 
motilities of less that 5–10%. These patients should undergo 
sperm viability testing. The finding of very low motility 
with high viability indicates an ultrastructural abnormality 
which may be further evaluated with electron microscopy 
of the sperm.

Fig 23.4 Algorithm for normal semen parameters. ART = assisted reproductive techniques, ICSI = intracytoplasmic sperm injection

Table 23.1 Hormone levels in various endocrinopathies

Condition FSH LH Testosterone Prolactin

Hypogonadotropic 
hypogonadism

⇓ ⇓ ⇓ nl

Testicular failure ⇑ ⇑ ⇓ nl
Spermatogenic failure ⇑ nl nl nl
Prolactinoma ⇓ ⇓ ⇓ ⇑
Exogenous testosterone ⇓ ⇓ ⇑ nl
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23.5.5  Teratozoospermia

Teratozoospermia is an abnormality of sperm morphology. 
Morphologic defects include abnormalities of shape, absence 
or duplication of any segment of the spermatozoa including 
head, acrosome, body, and tail. Defects can also include mis-
placed insertion of the tail as well as abnormal ratios between 
different segments of the spermatozoa. Abnormalities in 
sperm morphology can be caused by a number of factors 
including chromosomal abnormalities, varicocele, and gonad-
otoxic events or insults.

Kruger attempted to standardize the morphologic charac-
terization of spermatozoa and established “strict” criteria by 
which spermatozoa should be judged [58]. Low or absent 
concentrations of normal spermatozoa according to “strict” 
criteria have been associated with decreased fertility poten-
tial [59, 60]. According to strict criteria, most fertile men 
have > 14% normal sperm whereas men with  < 4% normal 
sperm are likely to be subfertile.

Despite, the development of “strict” criteria the assess-
ment of sperm morphology remains subject to the observer 
resulting in variation from lab to lab. Therefore, as stated 
earlier, it is important for the clinician to be familiar with the 
lab performing the analysis. It should be noted that even in 
cases of severe teratozoospermia, fertilization is possible.

23.5.6  Oligoasthenoteratospermia

A defect in all semen parameters (density, motility, and mor-
phology) is called Oligoasthenoteratospermia (OAT). The 
most common causes of OAT include varicocele, testicular 
trauma, history of cryptorchidism, environmental insults and 
toxins, medications, drugs, partial ejaculatory duct obstruc-
tion, idiopathic causes as well as temporary insults to sper-
matogenesis including recent illness. The criteria for the 
diagnosis of partial ejaculatory duct obstruction remain con-
troversial. In most cases, it is not possible to differentiate 
partial obstruction from idiopathic causes.
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Abstract Basic semen analysis comprises sperm number, 
motility, vitality, and morphology. The clinical usefulness has 
been under debate due to variable reliability and poor prog-
nostic value. There are now reliable and robust methods possi-
ble to train and obtain lower interobserver variability and also 
to control variability with modern laboratory quality control 
procedures. Still, the results from semen analysis cannot alone 
give the clinical diagnosis for the subfertile couple; results 
from basic semen analysis must be combined with other clini-
cal data in order to set a proper diagnosis. In this chapter, basic 
technical aspects of semen analysis are discussed to give a 
basis for the clinician to set appropriate demands on the local 
andrology service. The limitations of basic semen analysis as 
well as semen biochemistry, antisperm antibody testing, some 
sperm function tests, sperm DNA damage tests and the pres-
ent status of stem cell research are also discussed in relation 
to the clinical usefulness of the methods.

Keywords Semen  analysis • Biological variability • Tech
nical variability • Quality control • Sequence of ejaculation 
• Predictive value • Prognostic value • Terminology

24.1  Introduction

Semen analysis is the starting point for the investigation of 
the man in the infertile couple [1–3], but the clinical value of 
semen analysis has been under debate for a long time [4]. The 
doubts of the usefulness of semen analysis must, however, 
be seen in relation to somewhat exaggerated expectations 
for what an analysis of semen parameters really can contrib-
ute. The intention of this chapter is to discuss what can be 
learned from semen analysis and which the limitations are. 
Some information on the basic technical aspects is also 
included to give the clinician a basis to understand which 

laboratories that can deliver reliable results and which are less 
likely to do that.

When the usefulness of semen analysis is discussed, one 
important aspect is to differentiate between prognostic (or predic-
tive) capacity and correlation between analysis parameters and 
various fertility success parameters. A laboratory test with a 
good predictive ability will help the clinician in the individual 
investigation: the result of a test (or a combined set of test) 
corresponds to a high degree of likelihood that the man has a cer-
tain disorder, or that a certain treatment will solve the problem 
with high likelihood. This is not the case with most results from 
semen analysis. Although many components of semen analysis 
are significantly correlated to fertility, it is usually impossible 
to give the individual man a reliable prediction of the couple’s 
fertility just from the semen analysis results. One factor is, of 
course, that semen analysis extremely seldom discloses prob-
lems in the female partner. More importantly, semen analysis 
results overlap between fertile and infertile men. Therefore, 
single semen analysis results are seldom helpful to determine 
the fertility potential of the man in the infertile couple while 
combination of several parameters can is predictive (Guzick et 
al 2001, Jedrzejczak et al 2008). The recommendation is, there-
fore, to regard semen analysis not as a predictive tool, but as all 
other laboratory tests: important jigsaw puzzle pieces for the 
clinician to evaluate together with patient history, physical 
examination, and blood analyses of hormone levels etc.

A probable contributing factor for this confusion of pre-
dictive and descriptive laboratory investigations is the unfor-
tunate terminology [5] that can give the false impression that 
results from semen analyses can be used as prognostic tools. 
As in the development of all areas of medicine, the descrip-
tive terms were developed before the discovery of causes 
and treatment methods. From qualitative assessments (many, 
few, none), quantitative measures were developed, and the 
quite arbitrary terms were given quantitative limits. Although 
semen samples with less than 20 million sperm per milliliter 
can be defined as oligozoospermic, there is no prognostic 
value in this term, and it can be questioned if 22 millions/mL 
is very much better than 18 millions/mL, but categorizing the 
patient with the latter result as “oligozoospermic” does indicate 
that there is relevant information in such a limit and that 
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semen analysis can give accurate diagnoses without other 
sources of information. The exaggerated use of these arbi-
trary limits giving the false impression of a true dichotomous 
outcome of semen analysis has, most likely, also influenced 
clinical research, where men have been sorted into male fac-
tor or not male factor categories based on such categorical 
limits. Thus, all studies supposedly investigating “male fac-
tor” infertility must be read with very critical eyes and inter-
preted with great caution. So we should, instead of regarding 
the semen analysis as the miracle test that will reveal all, look 
for what information that can be gained. In general, semen 
analysis gives combined information about quantitative sperm 
production and transport, some basic functional aspects and 
the overall structural appearance of sperm in the ejaculate.

Not only pathological processes affect the results of 
semen analysis; there is a considerable biological variability 
in semen analysis, and the variation between two different 
samples from one man can be significant, although the clini-
cal importance has been questioned [6–8]. Furthermore, if 
the laboratory does not apply modern methods and quality 
control, the technical variability can cause significant errors 
resulting in couples being subjected to inadequate investiga-
tions and treatment alternatives. It is also essential to con-
sider that the semen sample examined in the semen laboratory 
is not likely to be representative for what the man delivers 
during sexual intercourse. Under the latter circumstances, 
the first, sperm rich fractions with mainly prostatic fluid, are 
expelled onto the cervical mucus [9] and the sperm are most 
likely to enter the cervical mucus without any essential con-
tact with seminal vesicular fluid from the later fractions of 
the ejaculate [10]. In the laboratory investigation, the entire 
ejaculate is collected in one container and the first fractions 
are trapped in the coagulum formed by proteins in the semi-
nal vesicular fluid. Before sperm can be examined, enzymes 
of prostatic origin must degrade proteins forming the coagu-
lum, causing increased osmolarity in the laboratory sample. 
Also pH changes during in vitro storage; sperm motility 
decreases by time, varying between different samples, in 
semen. However, presently there is no better alternative, but 
these basic problems with semen analysis should to be known 
by anyone using and interpreting semen analysis results.

24.2  Problems in Conducting the Semen 
Analysis

24.2.1  Biological Variability Affecting Semen 
Analysis

The number, or concentration, of sperm a man can produce 
in a semen sample does not appear to have Gaussian (nor-
mal) distribution. It is well known that testicular size [11] 

as well as the number of abstinence days [12, 13] influence 
the sperm output in semen samples, but the variation among 
men with regard to abstinence time is considerable [14]. 
Also the duration and quality of sexual stimulation appears 
to be important for the output of sperm in the ejaculate 
[15–17].

24.2.2  Causes for Technical Variability  
in Semen Analysis

A modern andrology laboratory should apply methods and 
techniques that reduce the sources of errors to a minimum. 
In order to allow comparisons of results from different labo-
ratories, as well as to implementation of discoveries from 
other laboratories in the local laboratory, it is absolutely nec-
essary to have implemented standardized techniques and 
participate in the same type of external quality control. The 
World Health Organization has issued a series of manuals to 
give a basis for global standardization [5]. On the basis of 
these recommendations as well as on recent developments in 
the field of laboratory science, detailed laboratory methods 
have been published [18], and a practical training course has 
been developed and used in several different countries in 
Europe, in Canada, and in South Africa [19–21].

Quality Control is a continuous process that should be 
implemented in any laboratory producing data used for 
the investigation and treatment of individuals [22]. 
Although robust and reliable methods are available with 
adequate training programs for staff members, it is only 
by systematic testing of the performance of the laboratory 
that the laboratory can ascertain that the quality of service 
actually is at the level defined in the quality manual of the 
laboratory and in accordance with any contracts with cus-
tomers (patients, clinicians, other parties paying for the 
services).

One basic component of quality control is to make 
assessments in duplicate and to compare the two assess-
ments. Only if the difference is likely to be due to random 
factors can the two assessments be accepted and the result 
is calculated on both assessments. Another basic require-
ment for reliable results is that sufficient numbers of sperm 
have been assessed. The theories of probability tell us that 
with few observations, random factors will have a consider-
able influence of the results. In general, counting 400 cells 
will give a variability of ±10% due to random factors, while 
counting only 100 cells will give a variability of around 
±20% [18]. Furthermore, if only ten sperm are counted to, 
for example, obtain the result of sperm preparation for 
Assisted Reproductive Techniques (ART), the level of 
uncertainty (95% Confidence Interval) can be calculated to 
be larger than ±50%.
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24.3  Components of Basic Semen Analysis

Since the patient will be responsible for preparations before 
and at the actual sample collection, comprehensive and 
understandable information that support patient compliance 
is absolutely essential for reliable results, no less important 
than adequate equipment and materials, and well trained 
staff using controllable technical procedures.

24.3.1  Sample Collection: Preanalytical Issues

Besides informing the patient about abstinence time (or even 
frequency of ejaculation), it is important to be aware that the 
intensity and duration of stimulation during sample collection 
is essential to optimize the results of semen collection [15–17]. 
Although it may be more comfortable for the patient to collect 
the semen sample at home, long transportation by car or bus/
train can introduce uncontrollable factors as temperature drops 
at long delay before start of examination. However, the facili-
ties provided for the patients to collect semen samples must be 
suitable, allowing privacy, and avoid any disturbance. A long 
delay before analysis will affect the sperm motility, but the 
variability between different samples is considerable. Thus, a 
sample with poor motility 2 h after ejaculation may have had 
completely satisfactory motility 30 min after ejaculation. The 
recommendation is therefore to initiate all investigations with 
motility assessments as close to 30 min after ejaculation as 
possible. Also morphological disturbances can occur as a 
result of long storage of sperm in semen on the lab bench.

Since it is difficult to define and correctly maintain “room 
temperature” during the microscopic examinations, the recom-
mendation is that the sample should be kept at and investigated 
at 37°C at least until sperm motility has been assessed. The 
proportion and velocity of rapidly progressive sperm appears to 
vary a lot with different ambient temperatures, and since this 
parameter is considered important for fertilizing ability, it is 
reasonable to try to maintain a standardized temperature.

24.3.2  Semen Volume

It is important to determine the total semen volume accurately 
since this value is used to calculate the total sperm number in 
the ejaculate from the measured sperm concentration. The 
dominant part of semen volume is constituted by seminal 
vesicular fluid and prostatic fluid; the sperm concentration 
thus depends on the total number of sperm recruited from the 
epididymis and the dilution caused by the accessory sex gland 
secretion at ejaculation. Traditionally, semen volume has been 
measured in graduated centrifugations tubes, but the gradua-

tion is often too inaccurate for this purpose. Other types of 
volume measuring devices (cylinders, pipettes) are much more 
accurate, but do induce volume losses of varying magnitude 
[23]. The recommendation is therefore that semen volume is 
assessed by weighing. Taking into consideration that the den-
sity (mass/volume) of semen is sufficiently constant and 
around 1.0 g/mL, the volume can be easily be measured with 
a calibrated scale.

24.3.3  Sperm Motility

A basic sperm function that is very apparent in basic semen 
analysis is the motility. It is quite easy to understand that with 
no or very poor motility, the chance for a man to cause a spon-
taneous pregnancy is very small. It is more difficult to estab-
lish a clear threshold under which pregnancy will not occur, 
or a threshold above which pregnancies are very likely to 
occur. There are studies clearly indicating that the rapid pro-
gressive motility is related to normal fertilization [24, 25]. 
Although most of the studies were based on Computer 
Assisted Sperm Analysis (CASA), manual methods are pos-
sible to use. Human examiners can be trained to a high degree 
of concordance and repeatability and to distinguish between 
slowly and rapidly progressive sperm [26]. Therefore, the 
recommendation is that sperm motility should be assessed in 
four categories: immotile, nonprogressive, slowly progres-
sive, and rapidly progressive [5, 18]. To decrease the influ-
ence from random factors due to sampling errors and possible 
remaining heterogeneity in a well mixed sample, the analysis 
should be based on at least two different aliquots sampled 
from a well mixed semen and in each aliquot at least 200 
sperm should be assessed in at least four different fields. The 
results from the two aliquots should be compared and found 
similar enough to exclude random errors in order to be 
accepted [18]. CASA can not accurately distinguish immotile 
sperm crystals and debris in the ejaculate, why this technol-
ogy can not replace the manual assessment of sperm motility 
in semen [27, 28]. However, CASA can give much more 
detailed information about the motility patterns of sperm than 
trained laboratory staff can obtain with manual methods.

24.3.4  Sperm Vitality

In a sense, sperm motility can be said to be a sperm vitality 
test, since dead sperm do not swim by themselves in semen. 
However, when very few, or no sperm, are motile the 
question arises whether some or many of the immotile sperm 
still are alive. This can be tested by dye exclusion (live 
sperm with intact membranes do not take up stain) or a 
hypoosmotic swelling test (live sperm with intact membranes 
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take up some water when exposed to hypoosmotic environment; 
dead sperm do not swell, and sperm with poor adaptive ability 
to adapt to osmotic stress may even burst). The recommended 
staining method [29] uses ordinary bright field microscopy 
and in contrast to the corresponding method in the 1999 WHO 
manual, this method does not kill a certain portion of sperm 
[30]. The HOS test is mainly helpful when sperm are not only 
investigated for diagnostic purposes; HOStested sperm can 
in principle be used for treatment purposes while those 
exposed to stain are not suitable for treatments [31].

24.3.5  Sperm Concentration

Sampling of an exact volume of well mixed semen for sperm 
concentration assessment should be done with positive dis-
placement pipette [32]. The viscosity of semen is variable 
between different samples, but invariably significantly higher 
than water. Therefore, the most common types of pipettes – 
air displacement pipettes – are not suitable for semen. 
Furthermore, even in well mixed samples, there may still be 
heterogeneity at the microscopic level. Therefore, the sam-
pling volume should not be too low, since a low volume 
(3–5 µL) does increase the risk for poor representativity of 
the sampled aliquots. The recommended standard sampling 
volume is therefore 50 µL. The diluted sperm suspension 
(where sperm are fixed, meaning that the sperm will not 
swim around and, therefore, will be easier to count) should 
be examined in a counting chamber with a well controlled 
chamber volume. The best accuracy is found among haemo-
cytometers, and the type called improved Neubauer chamber 
is recommended since its type of pattern is easiest to utilize 
for sperm counting purposes. The Neubauer chamber is 
100 µm deep, which means that a relatively large volume will 
be assessed after the immotile sperm have sedimented. 
Shallow chambers (20 µm) which fill by capillary forces do 
not distribute sperm evenly, causing counting errors [33, 34]. 
Other chambers with only 10 µm depth contain too low vol-
umes to obtain accurate counts [18]. It would be advanta-
geous with fixed 100 µm deep, disposable chambers, but it is 
essential that different optics in plastic material does not hin-
der proper sperm counting [35].

For sperm concentration assessment, duplicate counts with 
comparisons is essential to avoid random errors in sampling and 
dilution. At least 200 sperm should be counted in each of the 
duplicates to reduce influence of random on the final results.

24.3.6  Sperm Morphology

It is no exaggeration to say that human sperm morphology is 
seen as very controversial. For the interpretation of human 

sperm morphology assessments, it is thus essential to know 
the criteria used and the techniques and equipment used for 
assessment [36]. Although there are recommendations for 
standardized methods [5, 18], the variability between labora-
tories is considerable. There are many factors contributing to 
the global confusion about human sperm morphology. The 
first is of course the criteria used for morphology classifica-
tion. In contrast to earlier definitions, where abnormalities 
were defined from findings in microscopic examination of 
semen samples, the so called strict criteria (or strict Tygerberg 
criteria) are based on the studies of morphology of sperm 
that have passed through cervical mucus, and even binding to 
the zona pellucida of the oocyte [37]. With the starting point 
from these definitions of “normal” sperm morphology, sev-
eral studies have established a relation to both spontaneous 
pregnancies and pregnancies after ART [38–42].

Another important factor is the technique for preparation 
of sperm – smearing and fixation of slides, staining, mount-
ing of cover slip – and the optics used for assessing the slides. 
Many different staining techniques exist, but the Papanicolaou 
staining adapted especially for sperm is the staining that 
gives the best overall staining of different sperm parts. 
Singular stains may be slightly better for certain details, but 
will then lack quality in most other details. A microscope 
with poor light or suboptimal optics will not allow the exam-
iner to see details well. A stained and mounted slide with a 
well prepared smear should look empty to the eye, but show 
sperm with good contrast under 100× oil immersion bright 
field optics.

When human sperm morphology is assessed using strict 
criteria, many men will have less than 10–15% normal sperm. 
Therefore, information about what errors that occur is of 
interest.

The recommendation is that morphology abnormalities 
are recorded in four categories: head, neck or midpiece, tail, 
and abnormal cytoplasmic residue. An abnormal sperm can 
have abnormalities in any of these four categories. It is not 
uncommon with sperm with more than one abnormality. It is 
possible to calculate an index (Teratozoospermia index) 
based on these four categories of abnormalities, giving the 
average number of abnormalities on the abnormal sperm 
[18]. There are results indicating that multiple abnormalities 
on sperm is a negative factor for fertility [43, 44].

24.4  Other Investigations

During the last decades, a number of additional methods 
have been developed and tested to supplement the existing 
basic semen analyses. The usefulness of some methods is 
still controversial – both from the diagnostic or prognostic 
aspect, as well as from technical and practical aspects. 
Due to the complexity of some techniques and their demand 
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for advanced and expensive equipment, they have not become 
standard methods [27]. Some other methods also lack stan-
dardization, thorough basic evaluations as well as clinical 
reference limits and the clinical value have therefore not 
been proven yet.

24.4.1  Semen Biochemistry

Analyses of biochemical markers give important informa-
tion about the composition of the mixture of secretions the 
sperm encounters in the laboratory pot. The secretory func-
tions of the epididymis (a-glucosidase), prostate (zinc), 
and seminal vesicles (fructose) [45] are important for nor-
mal sperm function and can give clues to the reasons for 
abnormal results in basic semen analysis. Among men with 
fairly normal semen analysis, some can have an abnormal 
sequence of ejaculation, leading to a decreased protection 
of the nuclear chromatin. The majority of their sperm are 
expelled together with mainly the zinc binding seminal 
vesicular fluid and have lower zinc content in the nuclear 
chromatin. The only way to discover this anomaly is to 
investigate a split ejaculate: assess sperm number, motility, 
and biochemistry in the different ejaculate fractions [46]. 
Poor sperm motility combined with decreased prostatic 
secretion should awaken the suspicion of subacute prostati-
tis and result in a full physical examination to detect any 
signs of prostatic affection. A semen sample without sperm, 
low volume, and only normal zinc level indicates lack of 
Wolffian ducts (epididymis, vas deference, seminal vesi-
cles) and is related to mutation in genes involved in Cystic 
Fibrosis [47]. The biochemical markers can be assessed 
with spectrophotometric assays [48–51]. Quality control is 
equally important for these basically chemical assessments, 
and schemes for external quality control of semen biochem-
istry already exist.

24.4.2  White Blood Cells and Bacteria

The significance of white blood cells and bacteria in semen 
is controversial [52–55]. First, round blood cells in semen 
must be distinguished from immature germ cells. This is 
virtually impossible to do in the neat, wet preparation. In 
stained morphology smears it easier to make the distinc-
tion, and methods that more easily are concluded on the 
day when the sample is collected are based on immunologi-
cal or biochemical identification of leukocytes or inflam-
matory cells. Secondly, the interpretation of leukocytes in 
semen is difficult. Very high presence of inflammatory cells 
is not so controversial, but the limit for when the concentra-
tion of leukocytes indicate a condition that should be treated 

is not absolute. The recommendation for when specific 
identification of leukocytes should be done has more or less 
arbitrarily been set to 1 million cells/mL [5]. However, for 
the best clinical use of data on suspected inflammatory 
cells, it is advisable to interpret these together with results 
from sperm motility assessment, patient history, and results 
from physical examination [56]. Presence of bacteria in 
semen is notoriously difficult to prove [57]. Semen is 
believed to contain factors that counteract bacterial prolif-
eration. Best results of bacterial cultures from semen is in 
general obtained when (a) semen is collected in a sterile 
container (b) after hands and penis have been washed [58], 
and (c) if semen is diluted or cellular component concen-
trated by centrifugation [59].

24.4.3  Antisperm Antibodies

There are two main types of screening tests for antisperm 
antibodies on the market: a mixed antiglobulin reaction test 
(MAR) and an immunobead test. Tests for antibodies of IgG 
type are most widely used, but also IgA and IgM tests exist. 
Reports indicate that the presence of antisperm antibodies of 
IgA type should be most important to explain inability to 
penetrate human cervical mucus [60]. However, after the 
introduction of ART procedures that bypass the human cer-
vical mucus, the importance of testing for these antisperm 
antibodies has been questioned [61]. There is also a problem 
to interpret the results of the two types of scanning test. For 
both tests, a possible immunological problem is said to be 
likely when at least half of motile sperm bind markers. 
However, the tests can give quite different results for the 
same sample [18]. One could ask if there is biologically sig-
nificant binding if not all sperm are covered by antisperm 
antibodies – or could the test at least in part be due to more 
unspecific binding? Furthermore, the screening tests are 
dependent on motile sperm. That means that for example, 
cytotoxic antisperm antibodies cannot be measured properly 
with these tests, only those antibodies with no or only mar-
ginal effect on sperm motility.

Cytotoxic antisperm antibodies, probably together with 
complement reactions, cause cell death [62]. Other antisperm 
antibodies are supposed to cause less damage, for example, 
only decrease the motility or perhaps hinder proper binding 
of sperm to different receptors essential for sperm–oocyte 
interaction and fertilization. It is likely that due to an acute 
infection, infiltrating immuno-competent cells can settled in 
the reproductive tract epithelium and function as a source for 
continuous production of antibodies. It is believed that due to 
the partially different genetic composition of sperm, the 
immune system could be able to produce antibodies towards 
sperm and not only towards invading micro organisms. 
If such immuno-competent cells in the male reproductive 
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tract produce antibodies that bind to sperm, this could explain 
also the presence of low levels of antisperm antibodies even 
in the absence of an acute inflammation.

24.4.4  Hyperactivation

Sperm that have undergone capacitation (changes necessary 
before fertilization can occur) usually exhibit a change pat-
tern of motility: high frequency, high amplitude tail move-
ments with poor progressive motility. The pattern of motility 
is best studied with CASA, provided a higher frequency of 
frames can be recorded than with standard video recording, 
and with sperm in a 50 µm deep chamber to allow free tail 
movement. The clinical value of hyperactivation motility has 
not been established. Hyperactivation is certainly of interest 
in the study of sperm physiology to understand more about 
how the sperm change to enable all events around the oocyte 
to enable fertilization [63].

24.4.5  Zona Binding

The binding of the sperm to the gelatinous Zona Pellucida 
(ZP) surrounding the oocyte is an essential step for the sperm 
to be able to continue to fertilization. In laboratory experi-
ments, the zona appears to be an important species specific 
barrier [64] and it is therefore also likely that disorders in the 
sperm may impact the capacity to bind to the ZP. Among 
mammals, the mouse zona has for a long time been used as a 
model for zona structure and sperm interaction. However, it 
has been shown that in human, there are four main ZP pro-
teins which opens for a sperm–zona interaction in human 
that is different from the binding pattern quite extensively 
studied in mice [65, 66].

In theory, ZP not used for IVF could be used for in vitro 
testing of human sperm binding to human zona pellucida. 
Protocols including control sperm are available, but the main 
obstacle is the very limited access to the biological material as 
well as relatively complicated immuno cytochemic fluores-
cence microscopy necessary to perform the test. This is prob-
ably the reason why positive small scale experiments have not 
been followed by full scale clinical evaluations that could have 
given a better ground for a clinical use of the test [27].

24.4.6  Acrosome Reaction

The acrosome reaction is an essential event for the sperm to 
be able to get in contact with the oocyte. Techniques based 

on fluorescent dyes have shown basically three types of cells: 
intact acrosome, initiated acrosome reaction, and full 
acrosome reaction with staining only at the equatorial seg-
ment. Many different physiological and pharmacological 
substances have been tested and found possible to interact 
with the reaction. However, the high costs (demand for 
extensive training and in general time consuming proce-
dures) in combination with poor standardization and limited 
prognostic value does not presently motivate its use in clinical 
settings [27].

24.4.7  Sperm–Oocyte Interaction  
and Penetration

The testing of sperm fertilizing ability was historically devel-
oped from a research test in which zona-free hamster oocytes 
were used to assess human sperm function [64]. From an ethi-
cal point of view, it is reasonable only to let human sperm 
fertilize human oocytes as part of a treatment procedure, not 
as a diagnostic test. However, during IVF procedures, the lack 
of ability of sperm to fertilize any of the available oocytes 
indicate a possible sperm disorder; if donor oocytes are used 
in parallel treatments, differentiation between sperm and 
oocyte factors may be possible. Originally, the hamster egg 
penetration test was aimed to prognosticate total fertilization 
failure and thereby avoid useless treatment cycles, but in most 
centers, the test was too complicated and time consuming – a 
clinical treatment trial is usually considered much easier, less 
expensive, and more informative. Furthermore, by the intro-
duction of Intracytoplasmic Sperm Injection (ICSI), the clin-
ics obtained the possibility to by-pass also the fertilization 
step, which even more reduced the clinical interest in the 
method. There is some clinical value, but the test is not 
commonly used presently, not even in research [27].

24.4.8  Reactive Oxygen Species

Chemically active agents like the reactive oxygen species 
(ROS) are very common in semen and could be the cause of 
many problems occurring in sperm. Besides white blood 
cells in semen, also sperm can generate ROS [67]. However, 
prostatic fluid is rich in antioxidants [68], and sperm expelled 
together with this fluid and kept out of reach for the ROS rich 
seminal vesicular fluid ought to have a better situation 
than sperm stored in the laboratory together with large 
amounts of seminal vesicular fluid. Under these circum-
stances, it is likely that ROS can also affect the sperm DNA 
in a negative way. Also the assessment of ROS requires 
further laboratory resources beyond basic semen analysis: 
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at least spectrofluorimetric or spectrophotometric methods. 
This in combination with absence of clinical evaluations of 
prognostic value limits is usefulness in clinical practice.

24.4.9  Sperm DNA Integrity

In recent years, a large number of studies related to sperm 
DNA and possible DNA damages as causes for male factor 
infertility have been published [69, 70]. An ever increasing 
number of investigations showing correlations between differ-
ent fertility parameters and a variety of possible markers 
for issues in sperm DNA integrity and protection indicate 
that these assays have important information that cannot be 
revealed by basic semen analysis. However, before becom-
ing useful for the clinician, methods must be standardized, 
what is actually measured must be established, and clinically 
important reference limits must be established [71–73].

24.4.9.1  Sperm Chromatin Structure Assay

This technique originates from studies on the ability of acridine 
orange to bind to double stranded DNA (intact DNA: green 
fluorescence) and single stranded DNA (damaged DNA: 
red flourescence), respectively [74, 75]. In 1980, a study using 
flow cytometry demonstrated a variability of DNA in sperm 
from bull, mice and human sperm with regard to ability to 
resist heat denaturation as revealed by acridine orange [76].

24.4.9.2  Comet Assay: Single Cell DNA 
Electrophoresis

This assay is based on electrophoretic migration of small DNA 
fragments, from the experimentally decondensed sperm 
nucleus, into the surrounding gel. The highly compacted 
DNA-protamine structural organization must be changed 
in vitro to liberate DNA from the crystalline like structure. It is 
not unlikely that these in vitro modifications may induce DNA 
damages in sperm with poor structural organization [71].

24.4.9.3  TdT-mediated dUTP Nick-End Labelling 
Assay

This method was originally developed to detect DNA frag-
mentation as a sign of apoptosis in somatic cells with DNA 
associated with histones [77]. In spermatozoa, the organiza-
tion of the nuclear chromatin is completely different, with 
DNA inactivated and condensed to 1/6 of its original volume. 
To use essay kits developed for somatic cells to investigate 

human sperm chromatin, the sperm DNA must be made 
accessible for the active compounds. Whether these proce-
dures per se can affect the sperm DNA integrity has not been 
thoroughly elucidated. The principle of the TdT-mediated 
dUTP NickEnd Labelling (TUNEL) kit is enzymatic incor-
poration of modified nucleotides (dUTP) on DNA structures 
(“DNA nicks,” representing DNA breaks) that should mainly 
be found in apoptotic human somatic cell DNA. The fluores-
cence of the incorporated nucleotides is further enhanced, 
and the final result of the test is measured as fluorescence 
from sperm heads [71].

24.4.10  Stem Cells

For men with genetic disorders, hindering an efficient sperm 
production, a theoretical remedy, could be production of 
gametes from somatic nuclei. This is still theory and requires 
substantial advances in the field of stem cell development 
and culture. The knowledge of how genes are reprogrammed 
in the fertilized oocyte to allow the development of a germ 
cell line is very meagre – subtle changes in culturing condi-
tions are now known to favour the development in certain 
directions but the exact mechanisms are still unknown. 
Furthermore, essentially nothing is known about how stem 
cell techniques should be applied to ascertain that no new 
harm is introduced during the laboratory procedures. Besides 
these far from trivial problems, it is also essential to learn 
how to specifically repair the DNA damages resulting in tes-
ticular problems.

24.5  Aspects of Evaluation and Identification 
of Clinical Pathologies

The best use of results from semen analysis is thus to com-
bine these observations with other information about the man 
and the couple. In cases where no sperm has been observed, 
the reason could be either a testicular failure or lack of patent 
communication with the testicles and the outside of the body. 
In the former cases, blood analysis of the hormone FSH can 
indicate failure of the testis to respond to gonadotrophins. In 
the latter case, normal blood hormone levels together with 
low semen volume and low semen pH indicates agenesis of 
the entire Wolffian duct system, including the vasa deferentia 
and the seminal vesicles. There are other possible causes for 
hinders to sperm transportation. From the middle of the 
epididymis to the urethra, there is only one single canal for 
sperm transport on each side. Thus, even minor inflammatory 
reactions – although bilaterally – are believed to be able to 
block the sperm transport, and inflammations in the accessory 
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sex glands can also reduce sperm transportation and cause a 
reduced sperm motility [78].

Severe reduction of sperm number and function due to 
testicular problems has been reported after systemic inflam-
matory disease like febrile illness [79]. Due to the long time 
needed for sperm to develop and mature (approximately 
10–12 weeks), effects of episodes of high fever and inflamma-
tion may not be revealed until months after the man has recov-
ered. Therefore, a full patient history is essential to interpret 
low sperm numbers; if a period of high fever or systemic 
inflammatory process has occurred during the last 6 months, a 
sample with poor results should be repeated after another 
3–6 months. It is a well established fact that high temperature 
in the testicles is negative for the spermatogenesis. Testicles 
that have not migrated to their position in the scrotum are, there-
fore, not expected to be able to produce sperm. Furthermore, 
there is a significantly increased risk for development of can-
cer in a non migrated testis and if it is not possible to surgically 
correct the position of the gonad the recommendation is to 
remove it before puberty [80]. There are also other possible 
causes for absence of sperm in the ejaculate, e.g., orchitis (e.g., 
occurring as a complication of mumps after puberty – quite 
easy caught by taking a full patient history) and also technical 
faults. A laboratory with poor procedures can erroneously 
report cases with very low sperm numbers as lacking sperm 
completely. A situation when even low numbers of sperm must 
be detected is controls after vasectomy, due to the risk for 
recanalization, which has been reported to occur relatively 
frequently [81]. Poor – or no – sperm motility could be due to 
genetical disorders or for instance, infections and inflamma-
tory disorders leading to disturbed secretion from the acces-
sory sex glands with secondary sperm motility problems. The 
immotile cilia syndrome, characterized by completely immo-
tile sperm with straight and stiff tails, is a very rare condition 
caused by any genetic mutation that disable ciliary movements. 
In its originally described form, some 50% of men have also 
situs inversus as well as symtoms from the respiratory tract 
(Kartagener’s syndrome) [82, 83].

An aspect of sperm motility that has not been in focus for a 
long time is a possible effect of abnormal ejaculation sequence. 
Since seminal vesicular fluid has a negative influence on sperm 
motility and survival, it is likely that men where most sperma-
tozoa are expelled together with this fluid instead of prostatic 
secretion show decreased sperm motility and survival [9]. 
Calcifications and other changes occurring after chronic 
inflammations in the prostate are likely to cause disturbances 
in the normal prostatic secretion [78, 84, 85] and most proba-
bly also the sequence of ejaculation. The only way to discover 
if a man’s sequence of ejaculation is abnormal and which por-
tions that may have the most optimal conditions for sperm to 
use for ART, is to investigate a split ejaculate [9]. The struc-
tural appearance of sperm (“morphology”) can be affected by 
genetic and other disorders expressed in the testis, but mor-
phological abnormalities can also be due to factors affecting 

sperm after the formation in the testis. There are observations 
also on the sperm morphology indicating that inflammatory 
processes in the male reproductive tract can have a negative 
impact on the general sperm morphology [86]. Sperm mor-
phology is usually the most distorted in cases with severe tes-
ticular dysfunction. Thus, a combination of low sperm 
numbers, poor motility, and poor sperm morphology indicate 
a serious testicular problem. On the other hand, good numbers 
of sperm and good progressive motility make a possibly 
decreased sperm morphology less likely to be a sign of seri-
ously decreased fertility. It could even be that a relatively long 
abstinence time (or low frequency of ejaculation) has increased 
the number of senescent and possibly deteriorating sperm, all 
in all a subgroup of sperm less likely to participate in fertiliza-
tion. Problems during the epididymal transfer and storage are 
believed to give rise to abnormal cytoplasmic residues in many 
sperm. Cytoplasmic residues can be found among many sperm 
after ejaculation, but during the drying procedure involved in 
slide preparation for morphology assessment most of them 
disappear – remaining cytoplasmic residues after preparation 
for sperm morphology is thus indicative for a physiological 
problem among the sperm, i.e., an inability to adjust to the 
rapidly changing osmotic pressure during the preparation 
procedures [87, 88].

Sperm senescence in the laboratory can also influence 
what is finally assessed in the microscope. It is well estab-
lished that coiled tails are more likely to be found among 
sperm that have been kept in semen for several hours, than 
those smeared within 30 min after ejaculation [18]. 
Furthermore, recent studies on sperm morphology with 
Hoffman optics indicate that vacuoles can actually increase 
with time after ejaculation [89].
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Abstract Recent advances in our understanding of 
fertilization are summarized, highlighting newly discov-
ered molecules implicated in sperm interactions with the 
epithelia of the female reproductive system (spermadhesins, 
BSP-proteins), sperm–zona binding (ZP4, ZP3R, IAM38/
ZPBP), sperm oolemma binding and fusion (IZUMO, CD9, 
CD81), oocyte activation (PLCzeta, SRC-family kinases and 
their activators), and pronuclear development (nucleoplas-
min, oocyte-specific histones). Sperm-contributed RNAs 
and signaling molecules are discussed, and the mechanisms 
of gamete interactions and antipolyspermy defense during 
natural fertilization are compared with fertilization events 
following intracytoplasmic sperm injection (ICSI).

Keywords Sperm  •  Oocyte  •  Capacitation  •  Hyperactivation 
Sperm  reservoir  •  Fertilization  •  Zona  pellucida  •  Acro- 
some  •  Oolemma  •  Perinuclear  theca  •  Oocyte  activation 
•  Pronucleus  •  Zygote

25.1  Introduction

25.1.1  A Zygote is an Accident that has 
Already Happened

To fertilize a single human oocyte, ovulated at one time, 
hundreds of millions of spermatozoa are initially deployed 
in the female reproductive system just to be filtered out by 
barriers such as the cervix and uterotubal junction. Other 
spermatozoa become prematurely capacitated and destined 
for death, with only a few dozen spermatozoa reaching the 
site of fertilization in the oviductal isthmus. These few 
remaining viable spermatozoa undergo an intricate series of 
changes (Table 25.1) induced by sperm binding to the egg 

coat [zona pellucida (ZP)], initiation of acrosomal exocytosis 
(AE), and sperm–zona penetration and sperm binding to the 
oocyte plasma membrane, the oolemma. The first spermato-
zoon to fuse with the oolemma releases signaling molecules 
from its perinuclear theca that awaken the oocyte cell cycle 
and activate the antipolyspermy defense. Even at this step, 
the success of embryo development is not guaranteed as the 
release of the sperm centriole and its conversion into an 
active zygotic centrosome is needed for the formation of the 
sperm aster (not the case in rodents), and the reversal of sper-
matogenetic protamine–histone exchange has to occur in the 
sperm nucleus before it is transformed into a male pronu-
cleus. These last few steps also determine the success of 
assisted human fertilization by intracytoplasmic sperm injec-
tion (ICSI), a technique that skips the early steps of fertiliza-
tion while depositing a single, intact spermatozoon directly 
in the ooplasm. Changes that occur in gametes during their 
journey to fertilization are irreversible and may only result in 
the death of gametes or new life of a zygote.

Given the amount of literature on fertilization and the 
page limits of this chapter, it is impossible to give details on 
all pathways involved. Consequently, the purpose of this 
chapter is to reference the important historical milestones in 
the discovery of fertilization mechanisms and to highlight 
the recent progress in studying each of the above steps of 
fertilization in the order of their natural occurrence. Without 
losing the focus on human fertilization, an overwhelming 
majority of fertilization research in mammals has been 
accomplished by using rodent and large animal models, as 
reflected by citations in this chapter. Each section is intro-
duced by a brief summary of currently prevailing interpreta-
tion of the main event during each described step of 
fertilization.

25.2  Gamete Transport and Recognition

The current model of gamete transport has been proposed by 
Suarez [1]. In this paradigm, ejaculated spermatozoa bypass a 
series of hurdles in the female reproductive system, resulting 
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in the culling of spermatozoa from hundreds of millions to 
a few dozen that actually reach the egg. The posttesticular/
postepididymal life of spermatozoa starts with the deposition 
in the vagina (primates, ruminants, carnivores), cervix 
(rodents) or uterus (sow, mare). At the time of deposition, 
spermatozoa acquire progressive motility allowing them to 
swim through the cervix (where applicable) and move 
through the uterine cavity. Sperm velocity is reduced at the 
uterotubal junction or at the isthmus, where they bind to 
the  oviductal  epithelium/oviductal  sperm  reservoir.  Here, 
the capacitation, hyperactivation, and sperm release occur in 
waves, induced by ovulation. Concomitant to these late 
events, the ovulated oocyte is picked up by cilia on fimbria 
and moved down the ampula by oviductal cilia and con-
tractions.  Fertilization  occurs  at  the  ampullary–isthmic 
junction.

25.2.1  Sperm Interactions with the Vaginal 
Environment, Cervix, and Uterus

Sperm transport within the female reproductive system is 
aided by sperm motility. This activity is suppressed while the 
spermatozoa are stored in the epididymis by low pH and low 
lactate content of the epididymal fluid. Upon ejaculation, 
motility is induced, possibly by sex accessory gland secre-
tions present in semen, causing sperm cAMP elevation 
through a soluble, sperm-borne adenylate cyclase [2, 3]. The 
cAMP elevation stimulates the activation of sperm flagellar 
protein kinase A (PKA) [3] tethered to the flagellar fibrous 
sheath by the A-kinase anchoring proteins (AKAPs) [4].

In vaginal depositors, such as humans/primates, rumi-
nants, and carnivores, spermatozoa initially encounter the 
cervix. Spermatozoa are thought to migrate along the mucosal 

Table 25.1 Steps of mammalian fertilization and their effect on gamete structure

Step and main events Major change in sperm Major change in oocyte

Gamete transport
Sperm deposition Acquisition of progressive motility, 

removal of some seminal plasma 
proteins from sperm surface

Ovulation, binding of oviductal glycoproteins to zona/ 
and/or their accumulation in perivitelline spacePassage through cervix

Passage through uterus and uterotubal 
junction

Formation of oviductal sperm reservoir
Ovulation
Oocyte pickup and descent

Gamete recognition
Capacitation Plasma membrane remodeling; 

cholesterol efflux; increased 
plasma membrane fusogenicity; 
hyaluronidase release

Secretion of chemoatractants (hypothetical); cumulus 
dispersalHyperactivation

Detachment from sperm reservoir
Chemotaxis
Cumulus penetration

Sperm–egg coat binding and penetration
Sperm–zona pellucida binding Acrosomal exocytosis; loss of outer 

acrosomal membrane and 
acrosomal matrix; release of 
acrosin and hyaluronidase

Digestion of fertilization slit; retraction and loss of the 
cumulus cellsCalcium influx

Acrosomal exocytosis
Sperm penetration

Sperm oolemma fusion and oocyte activation
Sperm oolemma binding and fusion Membrane fusion, sperm demem-

branation; localized solubiliza-
tion of perinucluear theca; 
excision of head from tail; 
release of the sperm centriole 
(non-rodent species only)

Formation of fertilization cone, calcium release from ER; 
plasma membrane depolarization; release from second 
meiotic metaphase arrest; cortical granule exocytosis; 
zona hardening, second polar body extrusion

Release of SOAF
Completion of meiosis II
Activation of anti-polyspermy defense
Sperm incorporation

Pronuclear development
Reversal of histone–protamine exchange Protamine removal from sperm 

nucleus; male PN formation; 
remodeling of sperm centriole 
into zygotic centrosome and 
sperm aster formation

Chromosome decondensation, female PN formation and 
apposition with male PNReconstitution of nuclear envelope

PN formation and apposition
Minor zygotic genome activation
Paternal and maternal DNA replication

SOAF sperm borne-oocyte activating factor; PN pronucleus
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channels formed within the folds of the cervical wall rather 
than through the lumen [5]. In their subsequent travel, sper-
matozoa face challenges in the long uterine body and horns 
as well as leukocytic infiltration of the uterus (sperm phago-
cytosis is observed). To support sperm transport, uterine 
muscle contractions increase in the late follicular phase ( [6], 
[7]), and the cervical mucus may serve as a vehicle for sperm 
and a filter for seminal plasma. Protease inhibitors [8], 
prostaglandins [9], and immuno suppressors are present in 
seminal plasma [10, 11]. A protective coating of immuno-
protective N-glycans are present on the human sperm surface 
[12]. The timing of immune response to spermatozoa 
(leukocyte infiltration of the uterine cavity) is delayed for 
several hours after coitus in the rodents [13].

25.2.2  Uterotubal Junction, Oviductal 
Transport, and Oviductal Sperm 
Reservoir

Similar to the cervical canal, spermatozoa in the uterotubal 
junction and isthmus encounter mucosal folds filled with vis-
cous fluid [14] that could also present a biochemical barrier 
to sperm transport. This obstacle is thought to remove sper-
matozoa with reduced motility as well as the remnants of 
seminal plasma, particularly in intrauterine depositors [1]. 
Consequently, bull spermatozoa with gross morphological 
defects are less likely to reach the fertilization site [15]. 
Sperm passage through uterotubal junction is aided by waves 
of contraction stimulated by coitus [16, 17]. Most boar sper-
matozoa are delivered to uterotubal junction in a sperm-rich 
fraction (SRF) followed by a postSRF containing increasing 
amounts of spermadhesin heterodimer PSP I/PSP II. The 
heterodimer acts as leukocyte chemoattractant both in vivo 
and in vitro, contributing to the phagocytosis of those sper-
matozoa not reaching the sperm reservoir [18].

Approximately 9 h is required for bull spermatozoa to 
reach the fertilization site after copulation, and the spermato-
zoa can remain sequestered in the site of the oviductal sperm 
reservoir for over 20 h. [19]. The timing of coitus is not syn-
chronized with the timing of ovulation. It is thus important to 
extend the lifespan of spermatozoa inside the oviduct so that 
sufficient numbers are present at the time of ovum descent 
[20]. First described in the hamster [21], the oviductal sperm 
reservoir has been studied extensively in large animal mod-
els using in situ techniques and cultured oviductal epithelial 
explants. Human spermatozoa can be stored for an extended 
period of time in the oviduct, but it has yet to be clearly dem-
onstrated that sperm reservoirs similar to that of the rumi-
nants form at a discrete site within the human oviductal 
ampula [22]. Specific glycoproteins secreted by the 
epididymis and/or accessory glands coat the sperm acrosomal 

surface to mediate the sperm attachment to the epithelial 
surface of the oviductal sperm reservoir. Among those best 
characterized accessory gland products are bovine seminal 
plasma proteins BSP-A1/BSP-A2, BSP-A3, and BSP-30-kDa 
[23, 24] produced by accessory sex glands. Spermadhesins 
are another group of multifunctional proteins showing a 
range of ligand-binding activities implicated in sperm reser-
voir function [25, 26]. Spermadhesin AQN1 on the acrosomal 
surface is thought to contribute sperm-oviduct binding by 
recognizing d-mannose-containing oviductal surface ligands 
[27–29]. To promote the detachment from the sperm reser-
voir, capacitation allows the spermatozoa to release the 
oviductal epithelium-binding proteins by shedding or per-
haps by active proteolysis. Partial removal of AQN1 from the 
acrosomal surface occurs within the first 30 min of capacita-
tion [28]. Beta defensin, an immunoprotective sperm surface 
protein, appears to be released from the sperm surface during 
primate sperm detachment from the oviductal epithelial 
explants in vitro [30].

25.2.3  Sperm Capacitation

Both capacitation [31] and hyperactivation [32] are thought 
to accelerate or enable sperm detachment from the oviductal 
sperm reservoir [33, 34]. Spermatozoa are thought to be 
capacitated and released from the sperm reservoir in waves 
rather than all at the same time [35], thus extending the win-
dow of opportunity during which fertilization-competent 
spermatozoa can reach the ovulated ovum. The capacitated 
state is transient and lasts up to 240 min in human spermato-
zoa [35]. The timing of sperm release is likely controlled by 
the dominant ovarian follicle and synchronized with ovula-
tion by endocrine secretion of steroids [36]. Plasma mem-
brane remodeling during capacitation gives the spermatozoon 
the ability to undergo acrosomal exocytosis and to fuse with 
the oolemma [37]. Capacitation is an irreversible event. Once 
the spermatozoa commit to it, they either reach the ovum or 
die. Seminal plasma removal is necessary for capacitation 
[38]. Decapacitating factors in the seminal plasma are 
thought to maintain spermatozoa in the decapacitated state 
during early stages of sperm transport. These include sper-
mine in the ram [39], uteroglobin and transglutaminase in 
humans [40], and beta1, 4-galactosyltransferase in the mouse 
[41]. Capaciation may start even before the spermatozoa 
reach the sperm reservoir, but is completed following their 
release from this storage pool. Progesterone present in ovi-
ductal secretions may be a female factor regulating sperm 
capacitation and priming of the sperm head membranes for 
acrosomal exocytosis [38, 42].

A complex and only partially understood network of sig-
naling pathways regulates the sperm-plasma membrane 
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priming during capacitation [38, 43]. The proposed sequence 
of events [38] starts with the removal of cholesterol causing 
an influx of Ca2+ ions and an increase in intra-acrosomal pH, 
which results in phospholipid redistribution within the sperm 
plasma membrane and activation of sperm adenyl cyclase. 
The resultant cAMP elevation triggers the activation of pro-
tein kinase A and a set of tyrosine kinases, leading to tyrosine 
phosphorylation of multiple substrates [44, 45], including 
but not limited to ERK1 and ERK2 [46]. Phospholipids 
within the noncapacitated plasma membrane are asymmetri-
cally distributed over the lipid membrane bilayer, while ste-
rols (including cholesterol) are diffusely distributed. The 
activation of cAMP-dependent protein phosphorylation leads 
to scrambling of the phospholipids and formation of distinct 
membrane microdomains, lipid rafts [43], enriched in cho-
lesterol and saturated fatty acids [47]. Changes in plasma 
membrane phospholipid content and distribution [48] are 
followed by cholesterol efflux during capacitation that dra-
matically reduces cholesterol to phospholipid ratio in sperm 
plasma membrane [49]. Lipid binding proteins in the oviduc-
tal and follicular fluids are the likely natural acceptors of 
cholesterol during capaciation in vivo [50]. Serum albumin 
[51] or heparin [52] are commonly used for this purpose dur-
ing in vitro capacitation. Sodium bicarbonate is also essen-
tial in the in vitro capacitation media [45]. Phospholipid 
remodeling in the plasma membrane is thought to be con-
trolled by ATP-dependent enzymes such as aminophospho-
lipid transporter/translocase [53, 54]. On the basis of their 
function and affinity to certain phopsholipids, these enzymes 
have been described as flippases, floppases, and scramblases 
[43]. Altogether, the changes in sperm plasma membrane, 
and possibly in the outer acrosomal membrane, result in 
increased fluidity and fuseability of these sperm membranes 
[55]. Phosphorylation of multiple plasma membrane sub-
strates on Ser/Thr or Tyr is a prominent event accompanying 
sperm capacitation [56]. Capacitation induced phosphoryla-
tion and membrane remodeling are impaired in the sperma-
tozoa of some infertile, asthenozoospermic men [57].

25.2.4  Sperm Hyperactivation

Sperm hyperactivation could be considered a late event of 
sperm capacitation although a disconnection between capac-
itation and hyperactivation is observed under certain experi-
mental conditions in vitro [38, 58]. Hyperactivation is defined 
by an increased amplitude and frequency of the flagellar 
movement, and increased lateral displacement of the sperm 
head, altogether resulting in an increased sperm velocity 
[32]. Increased motility is thought to promote sperm detach-
ment from the oviductal reservoir and sperm passage through 
egg vestments. Sperm hyperactivation is calcium-dependent 

[59], which is consistent with the proposed role of Ca2+ ions 
during sperm capacitation. Sperm Ca2+ oscillations coincide 
with flagellar bend oscillations in the midpiece of the hyper-
activated golden hamster spermatozoa [60]. While the events 
of capacitation mainly affect the architecture of sperm 
plasma membrane, the events of hyperactivation affect the 
motile apparatus of the sperm flagellum. One of the Ser-
phosphorylated proteins during capacitation/hyperactivation 
was identified as AKAP3 [61]. AKAP3/AKAP110 is a major 
protein kinase A-anchoring protein in the sperm tail fibrous 
sheath [62]. Through sequestration of PKA, AKAP3 and 
related AKAP-proteins likely modulate a change in sperm 
motility that is induced during capacitation, causing sperm 
hyperactivation [63]. Several infertile transgenic mouse 
models have been described recently, implicating the cAMP-
dependent signaling in the regulation of sperm motility 
[64, 65]. Similarly, the knock-out of GAPDH, one of many 
glycolytic enzymes residing in the sperm tail fibrous sheath 
[66], results in the loss of motility [67]. It is not clear, however, 
whether this is the effect on general motility, or a specific 
effect on hyperactivated motility.

25.2.5  Ovulation, Oocyte Pickup,  
and Sperm–Egg Recognition

Ovulation is induced by the preovulatory gonadotropin 
surge and facilitated by the synergistic action of increased 
intrafollicular pressure and a timely, localized digestion of 
the follicular wall by ovarian metaloproteinases and other 
proteases [68–70]. The expulsed, expanded oocyte cumulus 
complex is captured by the fimbriae of the oviductal bursa, 
a process aided by the contractions of mesossalphinx cas-
ing, a sweeping movement of fimbria across the ovarian sur-
face [1]. In the absence of the cumulus, the ovulated oocytes 
fall through without being captured by the fimbria [71]. 
Oocytes of multiparous animals are picked up in a large 
mass of oocyte–cumulus complexes, and they travel down 
the oviduct together (“ovulatory product”). Consequently, 
the diameter of oviductal lumen in the studied mammalian 
species matches the size of the whole ovulatory mass of 
oocytes, not that of a single cumulus-enclosed oocyte [72]. 
The ovulatory product moves down the oviduct with a back 
and forth movement pattern aided by smooth muscle con-
centrations and motility of the cilia on the apical surface of 
oviductal epithelium [73, 74]. Suarez [1] suggested that the 
back and forth movement could aid the infiltration of ovar-
ian secretions in the cumulus extracellular matrix. As will 
be discussed below, the exposure of the oocyte or zona pel-
lucida surface to oviductal secretory proteins plays an 
important, albeit underappreciated, role in fertilization and 
antipolyspermy defense.
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The molecular mechanism of sperm–egg recognition is 
poorly understood. In the invertebrates and lower vertebrates, 
oocyte-secreted proteins are thought to stimulate sperm 
motility and chemotaxis. Examples include the sperm motil-
ity initiation factor SMIF in fish [75], and the SPERACT and 
RESACT peptides in sea urchin species [76, 77]. Allurin, a 
sperm attractant protein, has been isolated from Xenopus 
egg jelly [78]. The mammalian homologs of these proteins, 
which could be present in the ovarian follicular fluid or 
directly secreted by the ovulated oocyte, are yet to be identi-
fied. Importantly, olfactory receptors have been identified in 
human spermatozoa [79–81]. In this gamete-recognition 
pathway, the oocyte-produced substances are thought to 
stimulate the G-protein coupled cAMP signaling pathway in 
spermatozoa, leading to a calcium signaling response in the 
sperm tail midpiece that eventually spreads to the sperm 
head [82].

Cumulus expansion prior to ovulation produces a large 
mass with high content of extracellular matrix proteins that 
may be important for sequestration of growth factors and 
other molecules influencing sperm and oocyte physiology 
[83, 84]. The cumulus ECM is particularly rich in hyaluro-
nan [85], a large hydrated polysaccharide capable of binding 
water and thus greatly increasing its volume. Reciprocally, a 
hyaluronidase enzymes such as PH20 and HYAL5 are present 
on the sperm surface, probably to support sperm penetration 
through cumulus matrix and dispersion of cumulus cells 
during fertilization [86, 87]. Capacitation appears to be a 
prerequisite for successful cumulus penetration [88], perhaps 
because proteolytic processing, unmasking, or release of the 
sperm hyaluronidases occurs at that time. In contrast, prema-
ture acrosomal exocytosis precludes sperm–cumulus pene-
tration [89].

25.3  Sperm–Egg Coat Binding  
and Acrosomal Exocytosis

According to the prevailing view, the fertilizing mammalian 
spermatozoa are primed for zona binding and acrosomal 
exocytosis (AE) during capacitation. Upon contact with the 
ZP3/ZPC sperm receptor protein (or a complex of ZP3 and 
another ZP-protein in pigs and humans) on the zona surface, 
one or more receptors on the sperm plasma membrane trig-
ger signaling pathways that mediate external calcium influx 
in the acrosome and mobilize the internal calcium within the 
acrosome. Calcium-dependent signaling then triggers the 
vesiculation of the outer acrosomal membrane, which 
remains associated with the spermatozoon in form of an 
acrosomal shroud or ghost. Acrosomal matrix proteins 
appear to be released in layers rather than being rejected at 
once; possibly creating a microenvironment for acrosomal 

enzymes to act on zona pelluicida underneath the sperm 
head. Acrosomal exocytosis removes some acrosomal matrix 
proteins while exposing other proteins on the inner acrosomal 
membrane (IAM). Propelled by the [altered] motility of the 
sperm flagellum, the sperm head progresses through ZP, 
leaving behind a sharply etched fertilization slit. Disagreement 
still exists as to whether the formation of fertilization slit is 
caused by proteolytic and glycolytic activities of acrosomal 
enzymes or by mechanical severing of the zona matrix helped 
by an oscillating thrust movement of the sperm head.

25.3.1  Oocyte Zona Pellucida Composition 
and Assembly

The mammalian egg coat, zona pellucida (ZP), has been 
studied most extensively in the mouse. The murine ZP is 
composed of three major glycoproteins, ZP1, ZP2, and ZP3 
[90]. A fourth major glycoprotein, ZP4, has been reported in 
humans [91], and more recently in the rat [92] and bonnet 
monkey [93]. The nomenclature of ZP proteins (Table 25.2) 
may be confusing as it varies significantly among mamma-
lian species [94–96]. In the mouse, the ZP proteins are heav-
ily glycosylated, expressing both N- and O-linked glycans 
[97, 98]. Initially studies suggested that O-linked glycans 
were responsible for initial sperm–egg binding in this model 
[99].  However, more  recent  knockout  studies  confirm  that 
the majority of murine sperm–egg binding is dependent on 
N-glycosylation [100]. N-linked glycans have also been 
implicated in initial porcine sperm–egg binding [101]. 
Evidence for carbohydrate mediated binding has also been 
presented in the human [102].

The current model of mouse zona structure proposes a 
parallel fiber organization of ZP2-ZP3 heterodimers cross-
linked with ZP1 molecules [103, 104]. Glycosylation of ZP 
differs between the inner and outer layers of ZP; lectin and 
antiZP antibody labeling experiments reveal distinct layers 
and aggregates of ZP proteins with distinct patterns of lectin-
binding and saccharide composition [105, 106]. Proteins 
other than ZP-proteins could contribute to some layers of ZP, 
particularly in the ovulated oocytes exposed to oviductal 
secretions [107, 108]. In the mouse, the ZP-proteins are 
translated and secreted exclusively by the oocyte [109], while 
ZP-protein mRNAs have been reported in the cumulus cells 
of other species [110], including nonhuman primates [111] 
and possibly humans [112]. In lower vertebrates, ZP proteins 
can even be produced outside of the ovary, e.g., in liver [113]. 
The function of ZP is believed to be oocyte protection, sperm 
binding, species specificity of fertilization and anti-
polyspermy defense. It may also play an active role in abro-
gating immune responses directed against this cell type 
[114]. Murine ZP3 protein is believed to be the primary 
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sperm receptor [115]. In humans, both ZP3 and ZP4 proteins 
bind to the sperm acrosome and induce acrosomal exocytosis 
in recombinant form [116]. In the pig, a heterodimer com-
plex of ZPB and ZPC proteins is thought to act as primary 
sperm receptor [117].

25.3.2  Sperm Acrosome Biogenesis  
and Structure

While often compared to a secretory lysosome because of its 
content of lysosomal enzymes, the acrosomal biogenesis dis-
plays unique features not observed in somatic cell secretory 
vesicles [118]. Some acrosomal components may already be 
synthesized during spermatocyte meiosis [119].  However, 
the acrosome as an organelle only arises during the haploid 
phase of spermatogenesis from the fusion of proacrosomic 
membrane vesicles released from the Golgi in step 1–2 round 
spermatids (reviewed in [120, 121]). Deletion of the gene 
encoding for Golgi-associated GOPC protein prevents 
acrosomal biogenesis and elicits a phenotype similar to 
human globozoospermia in the GPC −/− mice [122]. The 
proacrosomic vesicles are coated with perinucelar theca (PT) 
proteins before they reach the surface of the spermatid 
nucleus [123, 124]. Deletion of the gene encoding for a 
proacrosomic-vesicle coating membrane-fusion protein 
HRB/RAB  disrupts  acrosomal  biogenesis  in  the  mouse 
[125]. The proacrosomic vesicles settle on the apical sper-
matid nucleus and fuse into a large acrosomal granule, lay 
down the subacrosomal PT-layer, and start stretching distally 
to form the acrosomal cap (step 4–8 in mouse spermiogene-
sis). The subacrosomal PT and the inner acrosomal mem-
brane become closely adjacent and the mutation of at least 
one IAM gene (ZPBP2) disrupts acrosomal biogenesis in the 
mouse [126]. An alternative model of acrosomal biogenesis 
proposes that the assembly of subacrosomal cytoskeletal 
plate, the acroplaxome precedes the tethering of the 
proacrosomic vesicles to the apex of the spermatid nucleus 
[127]. The fully differentiated acrosome is delimited by the 
inner acrosomal membrane (IAM) and outer acrosomal 
membrane (OAM), together concealing the acrosomal 
matrix. The subacrosomal PT fuses with the inner face of 

IAM, while the equatorial segment leaf of PT partially 
covers the outer distal face of OAM and may even extend 
proximally to separate the OAM from the overlying plasma 
membrane [128]. Besides acrosin, the acrosomal matrix con-
tains a number of proteolytic enzymes, proteinases and gly-
cohydrolases, that have been implicated in different steps of 
sperm passage through egg vestments [129].

25.3.3  Sperm–Zona Binding

Just like many other steps of fertilization, the sperm–zona 
binding step is not fully understood. Two distinct steps are 
recognized by some investigators during mouse sperm–zona 
adhesion: primary binding to ZP3 and secondary binding to 
ZP2 [130]. Sperm–ZP binding is thought to involve multiple 
sperm surface receptors [131]. It is still being debated 
whether the primary adhesion is an absolute requirement for 
fertilization since, at least in the guinea pig, the acrosome-
reacted spermatozoa can adhere to ZP [132]. The majority of 
biochemical data obtained by using solubilized zona proteins 
implicate the O-linked and N-linked oligosaccharide resi-
dues of ZP3 in primary sperm binding and induction of 
acrosomal exocytosis [97, 99, 101, 102]. It has been esti-
mated that 75–80% of sperm–ZP adhesion depends on 
sperm–ZP carbohydrate interaction and only the remaining 
portion is dependent on protein–protein interaction [114, 
133]. The ZP2 protein has been proposed as a secondary 
mouse sperm receptor, destined to sustain sperm–zona adhe-
sion after acrosomal exocytosis [130]. Genetic ablation of 
Zp2 and Zp3 genes in the mouse causes infertility due to a 
failure of zona assembly, and targeted mutation of the Zp1 
gene results in early embryo loss and small litter sizes [134–
137]. The knock-in of human Zp3 and Zp2 gene in the Zp3 
−/− Zp2 −/− double-mutant mouse restored fertility. 
Unexpectedly, such hybrid zonae were unable to bind human 
spermatozoa [138, 139]. A likely explanation is that the ZP2 
and ZP3 proteins translated from the inserted human genes 
were glycosylated or otherwise postranslationally modified 
by the mouse ova in a murine-like pattern, allowing for the 
binding of mouse, but not of the human, spermatozoa. In 
fact, the hybrid zonae of the huZp3 expressing mice and the 

Table 25.2 Protein and gene nomenclatures of major ZP components in mammals. Compiled by using information from genome sequence data 
and nomenclature from Hasegawa and Koyama [94]; Yonezawa et al. [101]; Harris et al. [96]

Nascent MW less glycosylation,  
and aminoacid residue number H. sapiens M. musculus S. scrofa B. taurus

63–65 kDa, 623 aa ZP1 (Zp1/ZpB1) ZP1 (Zp1/ZpB) X X
70–75 kDa, 713–716 aa ZP2 (Zp2/ZpA) ZP2 (Zp2/ZpA) ZPA/ZP2(ZpA) ZPA/ZP2 (ZpA)
43–45 kDa, 421 aa ZP3a (Zp3/ZpC) ZP3a (Zp3/ZpC) ZPC/ZP3ba (ZpC) ZPC/ZP3Ba (ZpC)
~55 kDa, 532–540 aa ZP4a (Zp4/ZpB2) X ZPB/ZP3aa (ZpB) ZPB/ZP4 (ZpB)
aProposed primary sperm receptor
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zonae of wild type mice share a set of identical O-glycans 
[98]. Baculovirus expressed, but not yeast expressed, human 
ZPB2 and ZPC (ZP4 and ZP3, respectively) proteins were 
able to bind to the human sperm acrosome and induce 
acrosomal exocytosis [140]. Only the baculovirus expressed 
ZP proteins were properly glycosylated. Contrary to bio-
chemical evidence, studies of transgenic mice deficient in 
certain glycosyltransferases demonstrated that female mutant 
mice lacking certain types of ZP3-borne glycans, such as 
core-1-derived O-glycans and complex and hybrid N-glycans, 
are fertilization-competent [141].  However,  these  double 
knockout mice display extremely low fertility. It is to be 
determined whether other ZP3-borne glycans compensate 
for the lack of the above glycans-types, or if other ZP-proteins 
contribute to sperm–ZP binding in the mouse. Alternatively, 
it is to be considered that some of the competitive inhibition 
studies with isolated glycans designed to mimic the ZP3-
borne glycans could have caused reduced sperm–ZP interac-
tion by binding to glycans expressed on the sperm surface 
that are not directly involved in sperm–zona binding. During 
natural fertilization, the oviductal glycoproteins picked up 
by zona or accumulated in the perivitelline space during 
oocyte descent to oviductal ampula could affect sperm–zona 
binding [108]. Sperm zona-interactions are thought to be 
responsible for species specificity of fertilization during the 
initial binding as well as during sperm penetration through 
vitelline coat, although some promiscuity may exist [142].

25.3.4  Sperm Acrosomal Proteins Implicated 
in Sperm–Zona Interactions

While the involvement of ZP3 (or ZPB–ZPC complex in pig) 
in sperm–zona binding is well supported experimentally, 
there is more confusion with regard to which sperm surface 
proteins bind to these ZP-proteins. Reviewing all of the pro-
posed candidate ZP-receptor molecules [143, 144] is beyond 
the scope of this chapter, so the focus is on a few candidates 
who have been thoroughly examined.

SP56 (AM67/ZP3receptor/ZP3R)[145] is an acrosomal 
matrix protein implicated in sperm–ZP3 binding [146]. Mice 
immunized with recombinant SP56/ZP3R had significantly 
smaller litter sizes than control mice [147]. SP56/ZP3R is 
related to complement component 4-binding proteins, a fam-
ily of surface-bound complement regulatory glycoproteins 
involved in cell adhesion.

b1,4-galactosyl transferase (GalT) is expressed on the 
sperm acrosomal surface and is believed to bind terminal 
galactose residues of the oligosaccharide chains of mouse 
ZP3 [144] . Male GalT −/− mice are fertile, but show a some-
what reduced sperm–ZP binding and acrosomal exocytosis 
during in vitro fertilization [148].  However,  sperm  from 

GalT −/− mice displays greatly increased binding to eggs 
in vitro when compared with sperm from wild type male 
mice. By contrast, mice overexpressing GalT on the sperm 
surface undergo precocious acrosomal exocytosis [149]. 
Recent genetic studies suggest that neither terminal galac-
tose nor the N-acetylglucosamine of the O-linked zona pel-
lucida glycoproteins are necessary for fertilization in the 
mouse [141], confirming that sperm GalT is not obligatory 
for murine fertilization. However, such knockout mice are so 
subfertile that it is very likely that glycosylation of the ZP is 
obligatory for the survival of this species.

Zonadhesin (ZAN) is a transmembrane-receptor protein 
carrying five von Willenbrand factor D-domains. Zonadhesin 
may be the only sperm protein identified so far to bind zona 
pellucida in a species-specific manner [150]. The evolution 
of the zonadhesin precursor gene, driven by positive selec-
tion, could be a tool of speciation [151]. It has been sug-
gested that zonadhesin only becomes exposed on the 
acrosomal surface after acrosomal exocytosis and thus may 
serve to tether the acrosomal shroud to the ZP [152]. An 
alternative view is that zonadhesin precursor protein is pro-
cessed and transferred to posterior acrosome to mediate 
sperm–ZP binding during initial stages of exocytosis [153].

Spermadhesins PSP-I/PSP-II, AQN1, AQN3, and AWN 
[154] are secreted in the seminal plasma by accessory sex 
glands of boar reproductive systems and become absorbed 
onto the acrosomal surface after ejaculation. AWN is the 
only known spermadhesin also expressed in the female 
reproductive system [154]. Isolated spermadhesins and anti-
spermadhesin antibodies inhibit in vitro sperm–zona binding 
and penetration in the pig [155–159]. Spermadhesin AQN1 
may also be involved in sperm interaction with the oviductal 
epithelium and in the formation of the oviductal sperm reser-
voir [27–29]. Spermadhesins interact with another secretory 
protein of seminal plasma, the sperm-associated acrosin-
inhibitor (SAAI) [160, 161].  Formation  of  the  complex 
between SAAI and spermadhesins was detected both by gel 
chromatography [162] and by Western blotting [163]. It is 
thought that SAAI protects the zona pellucida binding sites 
of spermadhesins on the sperm surface against proteolytic 
degradation from the moment of ejaculation, until the sperm–
zona binding [161].

Arylsulfatase A (ASA) has a cumulus matrix-dispersing 
activity because of its affinity toward chondroitin sulfate B 
[164]. The ASA was not found to act on ZP-associated sul-
fated glycans [165], but the purified ASA inhibits sperm–
zona binding and induces acrosomal exocytosis in the mouse 
[166], presumably through its binding to sperm surface sul-
foglycolipids. The ASA-deficient transgenic male mice are 
fertile [167] but display delayed dispersion of cumulus 
oophorus during fertilization [164].
P34H:  Some  infertile  men  appear  to  be  deficient  in 

epididymal  sperm  binding  protein  P34H  [168], which has 
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been implicated in sperm–zona binding [169].  P34H  is  a 
member of the short chain dehydrogenase/reductase family 
[170]. The mechanism of P34H interaction with zona pellu-
cida is yet to be established.

Proacrosin/acrosin is a major acrosomal protease [171, 
172] with mannose-binding properties [173]. Proacrosin 
binds to recombinant human ZP2/ZPA with high affinity 
[174]. Proacrosin null mice are fertile but exhibit a delayed 
sperm–zona penetration [175]. A fraction of proacrosin 
remains associated with sperm IAM after acrosomal exo-
cytosis [176, 177]. Proacrosin is thought to bind to zona 
pellucida glycoproteins through a sulfate-recognition 
mechanism [178].

SP38/IAM38/ZPBP1&2: Secondary sperm–ZP binding 
is thought to sustain the adhesion of the spermatozoa to ZP 
after acrosomal exocytosis. Most likely receptor proteins 
for this interaction would be found on the inner acrosomal 
membrane (IAM), which remains patent after acrosomal 
exocytosis [176]. Antibodies against the IAM protein 
SP38/IAM38 inhibit sperm ZP-binding and fertilization in 
the pig [179], and the protein has been shown to bind to ZP 
[180, 181]. Mutant mice lacking the ZPBP2 gene, encod-
ing one of the two ZPBP isoforms are subfertile because of 
their reduced ability to penetrate zona pellucida, and mice 
lacking the other gene, ZPBP1, are completely infertile 
because of a failure to form a normal acrosome during 
spermiogenesis [126].
PH20/SPAM1:  The  GPI-linked  guinea  pig  sperm 

hyaluronidase PH20 [182] has been implicated in secondary 
sperm–zona binding [183].  Anti-PH20  antibodies  block 
sperm–ZP  binding.  Immunization  with  PH20  elicited  a 
reversible contraceptive effect in male guinea pigs [184]. 
However, this effect could have been due to an autoimmune 
disease/orchitis rather than to a specific block of sperm–zona 
interaction [185].  Mice  immunized  with  PH20  protein 
remained fertile despite developing high specific antibody 
titers [186]. The PH20/SPAM1-deficient mice are fertile and 
exhibit sperm hyaluronidase activity [187], supporting the 
existence of additional sperm-borne hyaluronidases. A novel 
testis-specific, cell-surface anchored hyaluronidase, HYAL5, 
has been described recently [188].

25.3.5  Acrosomal Exocytosis (AE)

The signaling cascade of acrosomal exocytosis is triggered by 
sperm binding to their complementary receptor on the zona 
pellucida [189, 190], or it can occur spontaneously in some 
spermatozoa exposed to a variety of experimental conditions 
[108]. This event, most likely carbohydrate dependent for the 
most part, induces the influx of external Ca2+ ions in the 
acrosome [191], as well as the release of intracellular calcium 

from the intraacrosomal store [192, 193]. Calcium influx is an 
early  event  of  AE.  Following  Ca2+ influx and concomitant 
increase in intraacrosomal pH, the first morphologically dis-
cernible step of acrosomal exocytosis (AE) is the acrosomal 
membrane vesiculation [194]. Acrosomal membrane vesicu-
lation distinguishes true acrosomal exocytosis from acrosomal 
damage that may also result in the loss of OAM and acrosomal 
matrix. Formation of acrosomal vesicles could occur either by 
the fusion of OAM with plasma membrane, resulting in the 
formation of hybrid OAM-plasma membrane vesicles [108], 
or by the vesiculation of OAM alone [195] while the plasma 
membrane is still intact or removed before the OAM vesicula-
tion. The SNARE hypothesis proteins, involved in membrane 
vesicle fusion in neurons, are present in the OAM [196] and 
may be contributing to its vesiculation during AE [197]. In 
either case, the rupture of acrosomal membranes exposes the 
acrosomal matrix to the ZP. Following acrosomal exocytosis, 
the vesiculated acrosomal shroud or ghost remains associated 
with the sperm tail or with zona pellucida near the exocytosed 
spermatozoon. It is possible that the shroud, surrounding the 
sperm head during intial stages of sperm–zona penetration, 
may provide an environment rich in proteases and ATP neces-
sary for the digestion of the outer ZP-layers during sperm–
zona penetration [108].

Two basic models of acrosomal exocytosis have been pro-
posed: The analog model and the binary model [198]. The 
older, binary model assumes that the acrosome is either intact 
(ON/1) or  reacted  (OFF/2) and  there are no  intermediates. 
Should any intermediates exist, they would be short-lived, 
and the spontaneous AR is not assumed to be physiological. 
In this paradigm, the sperm–ZP interactions are governed by 
acrosomal status, and the intact acrosome is needed for 
sperm–ZP binding and penetration. This model is not sup-
ported by studies showing that the acrosome-reacted sperma-
tozoa do bind to zona by their retained acrosomal shroud or 
acrosomal matrix proteins on the IAM [e.g., [199, 200]]. The 
analog concept of acrosomal exocytosis, proposed by Gerton 
[198], assumes the existence of transitional intermediates of 
AE. In this model, capacitation promotes AE, and sperm–ZP 
binding accelerates it. Spontaneous AE is a physiological 
event according to this hypothesis; it may be slower yet 
mechanistically similar to ZP-induced AE. Importantly, the 
acrosomal matrix in this scenario is not dispersed at once, 
but layer after layer [201, 202]. Differential release of 
enzymes from the acrosome was also observed during AE in 
the guinea pig [203].

Signaling pathways implicated in the induction of 
acrosomal exocytosis are too numerous to list here [129, 204]. 
These pathways, triggered by distinct receptors on the sperm 
acrosomal surface may act in concert under physiological con-
ditions, or one pathway could prevail when the spermatozoa 
are stimulated experimentally to induce acrosomal exocytosis. 
The receptors involved in zona-binding and AE-induction 
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could be clustered within distinct plasma membrane domains 
that also sequester the downstream elements of correspond-
ing signaling pathways. As a consequence of cholesterol 
removal from plasma membrane during capacitation, lipid 
rafts form on the plasma membrane overlying the acrosome 
[43, 205]. Lipid rafts are unique membrane domains with a 
high density of membrane receptors and underlying signaling 
molecules, that are likely involved in cell signaling during 
acrosomal exocytosis [43, 206].

Some of the examined signaling pathways may contribute 
to acrosomal membrane priming during capacitiation rather 
than to the actual induction of AE during sperm–zona bind-
ing [204]. The opening of the ion channels responsible for 
the sustained calcium influx may be triggered by sperm 
receptor binding to a G-protein coupled receptor on the 
acrosomal surface [207] or by a plasma membrane associ-
ated phosphatidyl-inositol phosphate (PIP2) [208]. Transient 
receptor potential (TRP) proteins are the likely components 
of the ion channels transporting Ca2+ across the acrosomal 
membranes [209]. Acrosomal surface galactosyl-transferase, 
previously implicated in the process of sperm zona binding, 
activates pertussis toxin sensitive G-protein signaling cas-
cade leading to AE [210]. Besides Ca2+ ions, the second mes-
senger cAMP has been implicated in the induction of AE 
which is known to trigger the activation of the cAMP-
dependent protein kinase PKA [211]. Tyrosine and Ser/Thr 
phosphorylation of several distinct substrates accompany 
acrosomal exocytosis [212–214]. Some studies found that 
tyrosine kinase inhibitors prevent the ZP-induced or proges-
terone-induced acrosomal exocytosis in human spermatozoa, 
most likely at a point downstream of calcium signaling [215]. 
Phospholipases (PLC) are enzymes capable of hydrolyzing 
phosphatidyl-inositol-4,5-bisphosphate (PIP2) into two dis-
tinct second messenger molecules, inositol 1,4,5-triphos-
phate (IP3) and diacylglycerol. Mutliple PLCs are present in 
the acrosome [216] and calcium transients/oscillations have 
been recorded during mammalian AE [60]. Spermatozoa of 
male mice deficient in phopholipase PLCdelta4 are unable to 
undergo AE [217]. The acrosome reaction can be triggered 
by progesterone [218] via progesterone receptors present on 
the plasma membrane [219]. At present, it is not clear which 
of the early mentioned pathways are physiologically rele-
vant. A common endpoint of calcium signaling during AE 
may be the severing of microfilament barrier that separates 
OAM from the inner face of plasma membrane [220]. This 
event allows for the fusion of OAM with plasma membrane, 
resulting in acrosomal membrane vesiculation. For the sake 
of brevity, Fig. 25.1 shows the simplified signaling cascade 
during AE, as interpreted earlier [221]. The AE induced in 
the capacitated human spermatozoa by nascent or recombi-
nant ZP proteins can be blocked by the inhibitors of the 26 S 
proteasome [222, 223], a multisubunit protease specific to 
ubiquitinated protein substrates. This proteasome inhibitor-

sensitive step of AE occurs upstream of calcium influx, as 
the calcium ionophore-induced AE is not sensitive to protea-
somal inhibitors [222, 223]. The occurrence of proteasomal 
proteolysis during AE suggests that some acrosomal proteins 
are postranslationally modified and proteolytically processed 
during AE. We are currently investigating the acrosomal 
proteins that could be degraded by the resident proteasomes 
during AE.

25.3.6  Sperm–Zona Penetration

Sperm motility shifts from progressive to nonprogressive 
upon sperm–zona binding, as shown by the incubation of 
human sperm with recombinant human ZP-proteins [224]. 
Both nonenzymatic egg coat lysis and proteolytic mecha-
nism of egg coat penetration have been described in the 
invertebrates. In abalone, a sperm-borne vitteline envelope 
(VE) lysin breaks down the VERL glycoprotein (viteline 
envelope receptor for lysin) by outcompeting the VERL 
molecules for binding within the VERL fibers of VE. This 
mechanism is highly species-specific. [225]. Mammalian 
fertilization biologists remain divided over the issue of 
mechanical versus enzymatic egg coat penetration. There is 
no doubt that sperm motility is required for sperm passage 
through ZP [226]. Videorecordings of the fertilizing sperma-
tozoa document a sweeping movement of the sperm head 
interpreted as cutting through ZP [227]. However, biophysi-
cal studies do not support the mechanical hypothesis of 
sperm–ZP penetration because the calculated forces gener-
ated by sperm motility were found to be insufficient to push 
the spermatozoon through the ZP by purely mechanical 
means [228, 229].

Duve first proposed that sperm–zona penetration is 
assisted by hydrolases released from the acrosome. Acrosin 
was a popular candidate for mammalian egg coat lysin until 
the male acrosin mutant mice proved to be fertile, albeit with 
somewhat delayed AE [175]. This observation revived the 
mechanical hypothesis of sperm–ZP penetration, inspiring 
reinterpretation of the earlier studies [227, 230]. Antibodies 
against sperm acrosomal proteins acrin 1 (MN7) and acrin 2 
(MC41) inhibit early stages of sperm–ZP penetration in the 
mouse, without affecting sperm–ZP binding and AE [231]. 
Testis specific proteases TESP1, TESP2 and TESP5 are 
present in the mouse sperm acrosome, and at least TESP5 
appears to be enriched in the acrosomal membrane lipid 
rafts [232, 233].

The ubiquitin proteasome pathway [234] has been impli-
cated in various steps of fertilization, employing the ATP-
dependent covalent ligation of multiubiquitin chains to 
proteolytic substrates followed by proteolytic degradation by 
a multisubunit, ubiquitin-specific protease, the 26 S proteasome 
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[235, 236]. In ascidians and echinoderms, proteasomes are 
present in the sperm head and the sperm receptor on viteline 
envelope, a homologue of the mouse ZP3 protein is ubiquit-
inated [237–240]. Since ATP is required for some, but not 
all, steps of proteasome-substrate recognition, depletion of 
extracellular ATP from the surface of sea urchin sperm by 
apyrase added in the sea water surrounding the sea urchin 
eggs inhibits fertilization in a dose-dependent manner [241]. 
The  ubiquitinated  sperm  receptor  on  VE,  HrVC70,  is  the 
ascidian homologue of murine ZP3 [240]. Evidence from 
several laboratories demonstrates the presence of proteolyti-
cally active proteasomes in the mammalian and human sperm 
acrosome [222, 242–244], and ubiquitinated proteins have 
been detected in pig zona pellucida [244]. As mentioned ear-
lier, an early step in ZP-induced human sperm AE is sensi-
tive to proteasomal inhibitors [222, 245], suggesting that 
proteasomal proteolysis has multiple functions during fertil-
ization. At low concentrations, proteasomal inhibitors and 
antiproteasome antibodies are permissive to sperm–ZP 
binding and AE, but efficiently block the sperm–ZP penetration 

during porcine IVF [244]. It is now being investigated whether 
the sperm receptors on mammalian ZP are ubiquitinated and 
whether they are degraded by the sperm-associated protea-
somes during fertilization.

25.4  Sperm–Oolemma Binding, Sperm 
Incorporation and Oocyte Activation

Sperm–oolemma fusion is mediated by tetraspanins CD9 
and CD81 on the oolemma and by the tetraspanin-binding 
IZUMO protein on sperm plasmalemma. The incorporation 
of the spermatozoon in the ooplasm is aided by microfila-
ments of the oocyte cortex and not by motility of the sperm 
flagellum that ceases upon sperm–oolemma fusion. Oocyte 
activation is induced by the sperm borne oocyte activating 
factor(s) (SOAF) amalgamated in the sperm perinulcear 
theca, for which the current hottest candidate is phospholi-
pase C-zeta.

Fig. 25.1 Signaling pathways of acrosomal exocytosis, as proposed by 
Breitbart [221]. Gi-coupled receptor pathway: Binding of sperm plasma 
membrane to ZPC/ZP3 activates adenylyl cyclase which causes increased 
production of second messenger cyclic adenosine-monophosphate 
(cAMP), which activates protein kinase A (PKA), stimulating the phop-
shorylation and opening of Ca2+ channels in the outer acrosomal mem-
brane (OAM). PLCgamma/phosphotyrosine receptor pathway: Binding 
of ZPC/ZP3 to a tyrosine kinase receptor (PY-receptor) activates the PY 
receptor-associated phospholipase C gamma (PLCgamma), which hydro-
lyses phopshatidyl-inositol diphosphate (PIP2) into two second messen-
ger products: inositol-1,4,5-triphosphate (IP3) that is released in the 
cytosol and diacyl-glycerol (DAG) that remains associated with plasma 

membrane. IP3 causes acrosomal Ca2+ release when it binds to the 
intraacrosomal IP3-receptors (IP3R). DAG causes external Ca2+ influx 
when it activates protein kinase C (PKC) which causes phosphorylation 
and opening on Ca2+ channel in plasma membrane. At the same time, 
DAG increases the fuseability of plasma membrane. Downstream effects 
of cytoslic calcium release: Altogether, external Ca2+ influx and intraca-
rosomal Ca2+ mobilization cause an increase in sperm cytosolic Ca2+ ion-
content which stimulates microfilament severing proteins to break down 
filamentous actin (F-actin) barrier that separates the OAM from sperm 
plasma membrane. Consequently, the outer face of OAM and the inner 
face of the plasma membrane bind and fuse together, giving rise to 
acrosomal membrane vesicles. Adapted from [221]
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25.4.1  Sperm–Oolemma Binding and Fusion

The first serious candidate ligand-receptor duo implicated 
in sperm–oolemma binding was a disintegrin, ADAM  
disintegrin-metaloproteinase family member, fertilin beta 
(PH30/ADAM2)  on  the  sperm  plasmalemma,  binding  to 
integrin alpha6 beta1 on the oolemma [246, 247]. Later, 
cyritestin (ADAM3), a fertilin-related sperm ADAM-family 
protein, was added to the list [248]. Although integrins likely 
contribute to proper oolemma architecture conducive to fer-
tilization, they are not indispensable for either sperm 
oolemma binding or fusion [249]. Spermatozoa of mutant 
mice lacking fertilin beta and cyritestin fail to adhere to zona 
pellucida and oolemma [250], possibly because the deletions 
have a profound effect on sperm plasma membrane composi-
tion and fusability as well as on sperm ability to migrate 
through the oviduct [251].

More recently, the tetraspanins CD9 and CD81 on the 
oolema has been found to be essential for sperm oolemma 
fusion in the mouse [252–255]. The CD9-CD81 double 
knockout mice are completely infertile [256]. It was pre-
dicted that the protein would interact with a sperm protein 
from the immunoglobulin superfamily. One such protein, 
IZUMO, named after a fertility shrine in Japan, has indeed 
been found to be essential for sperm–oolemma fusion [257]. 
Izumo −/− mouse males are completely infertile due to a fail-
ure to fuse with oolemma, after normal sperm–zona penetra-
tion. IZUMO is not absent from spermatozoa of infertile 
men, suggesting that its lack is not a contributor to human 
male infertility [258]. Immunization of female mice with an 
IZUMO-based contraceptive vaccine caused significant 
reduction in fertility [259].

The cysteine-rich secretory proteins (CRISP)[260], includ-
ing epididymal protein DE (CRISP1) and testicular protein 
TXP1 (CRISP2), have been implicated in sperm–oolemma 
fusion [261]. Both male and female mice immunized with 
recombinant CRISP1 displayed reduced fertility [262]. This 
result could be due to an effect on sperm–oolemma fusion, but 
also due to the block of CRISP1-dependent tyrosine kinase 
signaling during sperm capacitation [263]. While CRISP 
family has been initially deemed to be uniquely expressed in the 
male reproductive system, allurin, a sperm-atracting chemoa-
tractant protein, is expressed by the Xenopus egg [78].

25.4.2  Sperm Incorporation

While sperm–zona penetration requires sperm flagellar 
motility, the beating of the flagellum stops once the sperm 
head reaches the perivitelline space and binds to the oolemma 
[264]. Consequently, it is not thought that sperm motility is 
required for sperm–oolema fusion, or for sperm incorporation 

in the ooplasm. Acrosomal exocytosis primes the sperm 
plasma membrane for fusion with oolemma, by exposing/
processing the receptor molecules on the equatorial segment 
part of the acrosome such as IZUMO or equatorin [257, 
265]. Acrosome-intact spermatozoa can bind to oolema, 
but are incapable of fusion and incorporation [108]. Actin-
microfilament rich oocyte microvilli bind to equatorial seg-
ment of the perivitelline spermatozoa prior to sperm 
incorporation [108, 266]. Disruption of cortical actin fila-
ments during bovine fertilization efficiently prevents sperm 
incorporation without preventing the localized solubilization 
of the perinuclear theca in the area of contact between sperm 
plasmalemma and oolemma [128, 267, 268]. Consequently, 
such oocytes are activated but contain only the female pronu-
cleus. The involvement of actin microfilaments in sperm 
incorporation is even more obvious in rodents, where a large 
fertilization cone is formed around the fertilizing spermato-
zoon composed largely of actin microfilaments [269]. The 
microfilament stabilizing drug, jasplakinoide, inhibits both 
the formation of mouse fertilization cone (if applied during 
fertilization) and its disassembly (if applied after fertiliza-
tion) [270]. Microfilament cytoskeleton helps in the organi-
zation of various oolemma receptors and in the propagation 
of oolemma-dependent antipolyspermy defense [271].

25.4.3  Solubilization of Sperm Perinuclear 
Theca and the Release of SOAF

The perinuclear theca (PT) is an important, though often 
underemphasized, accessory structure of the sperm head. It 
is a high density coat-like structure containing amalgamated 
cytosolic proteins, histones, cytoskeleletal and signaling pro-
teins [272, 273]. Molecular composition of the PT varies 
according to the segment of the sperm head covered, which 
can be divided into a subacrosomal layer (SAL), outer peria-
crosomal layer (OPL) overlying the equatorial segment (ES), 
and postacrosomal sheath (PAS) [128]. These three distinct 
segments of PT play differing roles during spermiogenesis. 
The postacrosomal sheath is the most likely player during 
fertilization as it harbors factors involved in oocyte activa-
tion (Fig. 25.2a–d) [128, 274, 275]. To discuss oocyte activa-
tion and the role of PT in it, this chapter adopts the acronym 
SOAF  (sperm  borne  oocyte  activating  factor)  [275, 276], 
which, in the author’s opinion, adequately describes the 
properties of signaling molecules harbored in postacrosomal 
PT. Initial oocyte fusion between a small stretch of sperm 
postacrosomal sheath and oolemma transfers sufficient 
amount of SOAF to activate an oocyte [267]. The oocyte’s 
capacity to reduce disulfide bonds in the sperm PT and the 
proteolytic  activity of  the ooplasm  facilitate SOAF  release 
during fertilization or after ICSI [277]. Before we discuss 
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Fig. 25.2 Transmission of the sperm PT-borne, oocyte activating fac-
tors (SOAF) into ooplasm at fertilization. (a–e) Schematic interpretation 
of the release of SOAF into oocyte cytoplasm. (a) Acrosome reaction 
exposes the inner acrosomal membrane (IAM), and the subacrosomal 
PT layer (SAR), equatorial segment (ES), and the postacrosomal sheath 
(PAS) regions of the sperm head are accessible to the oocyte microvilli 
once the spermatozoon reaches the perivitelline space. (b) Oocyte 
microvilli fuse with the sperm plasma membrane over the equatorial 
segment, effectively exposing the perinuclear theca to the oocyte cyto-
plasm. (c) PT (PAS) in the regions already fused with the oolema 
becomes solubilized very rapidly, releasing the SOAF and possibly other 
factors into oocyte cytoplasm. Disulfide-bond-reducing and chromatin-
remodeling factors such as glutathione and proteases, present in the 
oocyte cytoplasm, may facilitate the dissolution and dispersion of sperm 
PT at this stage. (d) The oocyte microvilli pull the PT and sperm nucleus 
into the ooplasm, and the PT starts to solubilize in the oocyte cytoplasm. 
The arrest of sperm-incorporation (at step c), induced by microfilament 
disruption with cytochalasin B (CB), does not prevent oocyte activation, 
as the oocyte microvilli retain their ability to fuse with the sperm plasma 

membrane, effectively exposing the sperm PT to oocyte cytoplasm. PT 
from those parts of the sperm head engulfed by the oocyte is then 
released into the oocyte cytoplasm, thus explaining the ability of sper-
matozoa to activate the oocytes in the absence of complete sperm incor-
poration after CB-treatment. ES equatorial segment; IAM inner acrosomal 
membrane; NE nuclear envelope; OAM outer acrosomal membrane; PM 
plasma membrane; PAS post-acrosomal sheath; SAR sub-acrosomal 
region. Original drawings were adapted from Yanagimachi [108], after 
Bedford and Cooper [266]. Panels (a–e) were reprinted from [128] with 
permission from the publishers. (e, f) Transmission of the PAWP protein 
(red) from sperm PT to ooplasm after in vitro fertilization (IVF; e) and 
intracytoplasmic sperm injection (ICSI; f). PAWP is a sperm-specific 
WW-domain binding signaling protein in the SRC-family tyrosine 
kinase pathway. Porcine zygotes were fixed 8 h after IVF (e) or 3 h after 
ICSI (f) and processed with a rabbit polyclonal antibody against sperm 
PT protein PAWP (red) and DNA stain DAPI (blue), and photographed 
under epifluorescence illumination and differential interference contrast 
(DIC). Anti-PAWP antibody kindly provided by Dr. Richard Oko, 
Queen’s University, Kingston, ON. See [315] for details
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proposed SOAF components, the main features of the SOAF 
should  be  outlined.  The  definition  of  SOAF  properties  is 
based on studies using the microinjection of whole sperma-
tozoa or soluble sperm cytosol in the metaphase-II arrested 
mammalian, lower vertebrate, and invertebrate oocytes. A 
credible mammalian SOAF-candidate must satisfy many cri-
teria: (1) Male germ cell specificity: since somatic cells 
extracts typically do not induce oocyte activation, the SOAF 
is a sperm/male germ cell specific protein [278, 279]; (2) 
Presence in elongated spermatids and spermatozoa only: 
Early haploid cells, the early step round spermatids, do not 
induce oocyte activation [280] when injected in the ooplasm, 
but the later stage, elongating spermatids do [281]. Therefore, 
SOAF component-encoding genes should be transcribed in 
late secondary spermatocytes or early spermatids, and their 
mRNAs should only be translated during spermatid elon-
gation; (3) Localization in the PAS and/or OPL: Sperm 
PT-solubilization restricted to PAS and outer layer of the ES 
following sperm–oolemma fusion is sufficient to trigger 
oocyte activation [128, 267]; (4) Lack of species-specificity: 
SOAF is not species-specific although differences in oocyte 
calcium response to crude sperm extract injections or ICSI 
have been noted [282–285]. Consequently, microinjecting 
spermatozoa and sperm extract from one mammal can acti-
vate ova of a different mammalian species or of a lower ver-
tebrate species; and (5) Ability to induce repetitive release of 
calcium (calcium oscillations in mammals) from the oocyte’s 
internal stores [275, 278].
Besides SOAF, the fertilizing spermatozoon may contribute 

other molecules that could affect early embryo development. 
Human  spermatozoa  carry  a  transcriptome  of  more  than 
5,000 mRNAs and microRNAs; many of them could be 
translation-competent [286–288]. The human sperm tran-
scriptome may reflect donor’s fertility as the sperm borne 
transcriptomes of some cellular pathways, such as ubiquitin–
proteasome pathway mRNAs, show major difference between 
fertile and infertile human sperm transcriptome [289]. 
Consequently, the interrogation of sperm transcriptome 
could have a diagnostic application in the male infertility 
field. It is not clear where and how the sperm RNAs are 
stored by the spermatozoa. Somatic cell type histones, ribo-
nucleoprotein, and/or other nucleic acid binding proteins in 
the perinucelar theca could mediate sperm mRNA binding, 
explaining why spermatozoa can be used as a DNA vector 
for transgenic ICSI or IVF in animals [290, 291]. Thus far, 
the evidence does not suggest that the sperm borne mRNAs 
are transcribed by the oocyte, and the small sperm borne 
microRNAs that could cause RNA-interference do not seem 
to have a profound effect on the zygote [292]. Until now, it 
was believed that the fully differentiated spermatozoa them-
selves cannot translate their mRNA, a notion recently chal-
lenged by a report of mRNA translation in the sperm 
mitochondrial sheath [293].

25.4.4  Oocyte Activation and the Identity  
of SOAF

Oocyte activation is a key event of fertilization. The hallmark 
of oocyte activation in mammals is the cyclic release of free 
calcium ions from the oocyte’s endoplasmic reticulum (ER), 
referred to as calcium oscillations [294]. The proposed cas-
cade of activation events [295] starts with the solubilization 
of SOAF from sperm perinucelar theca into ooplasm, which 
either releases a sperm-specific phospholipase C (PLC) spe-
cies or activates an ooplasmic PLC. The activated PLC 
hydrolyses IP3 into PIP2 and DAG (as already outlined for 
acrosomal exocytosis). IP3 binds to IP3 receptor on the 
calcium store in the ER and causes calcium release through 
the opening of an ion channel on the ER-membrane. The 
released Ca2+-ions activate the Calcium–calmodulin Kinase 
II (CaMKII), SRC-family kinases and their downstream 
kinases (PKA, PKC), causing a series of phosphorylation 
events responsible for the cortical granule exocytosis and for 
the release of oocyte meiosis from metaphase-II. One of the 
activated kinases, PKC, is thought to act on the plasma mem-
brane-associated transient receptor potential channels 
(TRP-C) to potentiate influx of external calcium in the 
oocyte, which then refills the ER with Ca2+-ions. In presence 
of IP3, the cycle keeps repeating itself, resulting in an oscil-
latory pattern of calcium release [295]. By releasing the 
SOAF (see previous section) and activating CaMKII, the fer-
tilizing spermatozoon releases the oocyte’s cell cycle from 
metaphase-II arrest via activating the anaphase-promoting 
complex (APC) [296], an ubiquitin–ligase complex that 
causes ubiquitination and proteasomal degradation of the 
cyclin B1 component of the meiosis-promoting factor (MPF) 
[297]. Calcineurin, a calcium–calmodulin dependent protein 
phosphatase, plays an important role in releasing the Xenopus 
oocyte from MII-arrest [298].
Much debate has occurred on  the  identity of  the SOAF 

component that triggers calcium oscillations. Readers new to 
the field should be aware of the literature on “oscillin,” which 
was  proposed  earlier  to  be  the  SOAF  [299] but later dis-
proved experimentally [300]. More recently, the phospholi-
pase Cz, a sperm/male germ cell specific PLC isoforms, has 
become  a  favorite  SOAF  candidate  [301]. Indeed, overex-
pression of PLCz through cRNA or recombinant protein 
injection triggers calcium oscillations nearly identical to 
those seen during natural fertilization in the mouse and other 
species [302, 303]. Also, the GFP-tagged, oocyte-translated 
PLCz becomes sequestered in the pronuclei after activation, 
which is a predicted sequestration pattern of the SOAF after 
fertilization [304]. Consistent with the requirement of prote-
olysis for SOAF release and activity, the activation inducing 
boar sperm extracts contain hydrolyzed, bioactive C-terminal 
and N-terminal fragments of PLCz [305]. A mouse PLCz 
knock-out is not yet available. Despite repeated attempts, the 
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transmission of PLCzeta from the sperm head to ooplasm 
during fertilization has not been documented.

Perry et al. [277]  proposed  that  mammalian  SOAF  is  a 
multi-component factor. At least two recently proposed mam-
malian candidate SOAF-components other than PLCz are sig-
naling molecules in the SRC-family tyrosine kinase pathways. 
Localized  activation  of  oocyte  SRC-family  kinases  FYN, 
SRC, and YES occurs downstream of calcium release during 
mouse fertilization [306, 307]. Tyrosine kinase activation 
before or after calcium release could trigger some events of 
oocyte activation and zygotic development, such as pronuclear 
apposition and entry to mitosis [308], by activating the down-
stream protein kinases such as the PKC [309, 310]. The 
requirement for SRC-family kinase-dependent signaling of 
sperm-induced oocyte activation has been established in inver-
tebrates, namely the starfish eggs, by the injection of dominant 
negative-inhibitory SH2 domains of SRC-family kinases SRC 
and FYN [311, 312]. In the mouse, similar experiments did 
not  prevent  calcium  oscillations,  but  the  injection  of  SH2 
domain peptides did prevent embryonic development, sug-
gesting that at least these two tyrosine kinases may act as 
downstream effectors of calcium signaling induced by the fer-
tilizing spermatozoon [308]. The injection of testis/sperm spe-
cific truncated c-KIT tyrosine kinase (trKIT) into mouse ova 
causes the activation of ooplasmic PLCg, calcium release from 
ER and oocyte activation [313, 314]. In this case, the injection 
of SH2-domain of FYN kinase,  thought  to be necessary for 
c-KIT activation, did inhibit mouse oocyte activation [314]. 
Such data keep open a possibility that a sperm-borne phospho-
lipase species such as PLCz may not be the only factors essen-
tial for oocyte activation. To my knowledge, there is no 
precedent for one PLC species activating a different PLC spe-
cies, as the PLCz studies would suggest, although indirect 
activation through other kinases could occur. With regard to 
presence of phospholipases in the sperm head, calcium oscil-
lations have been recorded in the acrosome and postacrosomal 
region during hamster sperm hyperactivation [60].

Recently, we have described a male germ cell-specific, 
sperm PT-borne protein PAWP, which is transmitted from 
sperm PAS-PT to ooplasm during fertilization [315] and con-
tains multiple repeats of the WW-binding, proline-rich PPXY 
motif initially implicated in the activation of SRC-family 
tyrosine kinases [316]. WW-motif containing SRC-kinase 
adaptor proteins, the potential binding partners of PAWP have 
also been implicated in the regulation of transcription and cell 
cycle progression [317], both of which have a central role 
during oocyte activation and zygotic development. PAWP 
transcription and translation coincide with the acquisition of 
the oocyte-activating ability by the differentiating spermatid 
[318], and the the competitive peptides and antibodies recog-
nizing PAWP’s WW-binding motifs block oocyte activation 
when coinjected with spermatozoon by ICSI [315]. The rela-
tionship between PAWP transmission to ooplasm (Fig. 25.2e, 

f) and calcium release at fertilization is being investigated. Of 
note, ungulate PLCz also contains one PPXY domain, but its 
functionality or ability to bind to WW domain containing 
proteins has not been examined.

One of the earlier theories of oocyte activation attributed 
this process to ligand receptor binding events between sperm 
plasmalemma and oolemma. There is some justification for 
this “receptor mechanism” to be at least a cofactor of the 
SOAF-induced  oocyte  activation.  Calcium  oscillations 
occur normally but fail to activate an efficient antipolyspermy 
defense after ICSI in the mouse [319]. This finding suggests 
that the SOAF release alone is not sufficient to induce full 
antipolyspermy defense, and either a receptor-ligand bind-
ing-induced signalling or the contribution of sperm plasma 
membrane components to oolemma are necessary for com-
plete oocyte activation. The interest in the “receptor hypoth-
esis” has been renewed by the studies of interactions between 
sperm disintegrins (ADAM2 and ADAM3) and their oocyte 
receptor, integrin alpha6 beta1. While knock-out studies 
indicate that this pathway is not the main mechanism of 
sperm–oolemma fusion, studies using synthetic RGD 
peptides (the disintegrins’ active, integrin-binding motif) 
showed that beads coated with such peptides can trigger 
oocyte activation at least in some mammalian species [320]. 
Peptides mimicking the RGD-motif containing extracellular 
receptor domain of disintegrins bind to zona free oocytes and 
induce their parthenogenetic activation, including some cal-
cium release with a limited number of transients [321, 322]. 
A recent study showed that binding of RGD peptides induced 
calcium release in mouse oocytes and implicated tyrosine 
kinases and PKC in the downstream events of disintegrin-
integrin binding [323]. Altogether, it is reasonable to con-
clude that the main oocyte activating signal comes in the form 
of  sperm SOAF  release while  sperm–oolemma  interactions 
may activate parallel signaling events supportive of complete 
oocyte activation. While some studies attribute the oscillatory 
pattern of calcium release in the oocyte solely to sperm-con-
tributed PLC species, a recent paper suggests that the oocyte’s 
resident PLCs can convey calcium oscillations [324].

25.4.5  Antipolyspermy Defense

The simplest method of antipolyspermy defense in vivo may 
be via regulation of the number of spermatozoa that actually 
reach the descending ovum [325]. The actual antipolyspermy 
defense in an individual mammalian ovum is achieved at two 
different levels; that of the zona and that of the oolemma. 
Different mammalian species studied can be divided based 
on which mechanism is thought to be primary, as shown in 
Table 25.3 adapted from a previous review [108] and other 
reports. Notwithstanding the filtering of spermatozoa by 
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cumulus oophorus, zona pellucida is thought to be the primary 
antipolyspermy barrier in most mammals. The fusion of the 
fertilizing spermatozoon with the oolemma triggers the exocy-
tosis of cortical granules (CG), commonly referred to as corti-
cal reaction [326, 327]. The CG-exudate contains enzymes 
thought to alter zona pellucida of the newly fertilized oocyte 
via proteolysis, lectin binding and deglycosylation [328]. 
Following the cortical granule exocytosis, the oligosaccharide 
composition of the zona is altered [329], and the ZP2 protein 
is hydrolyzed into two fragments of 90 kDa and 30 kDa, 
respectively, in the mouse [330]. The changes to ZP caused by 
cortical reaction are referred to as zona hardening and are 
observed in all mammals except hamster [331]. In the mouse, 
the ZP2-cleavage alone seems to prevent the binding of sper-
matozoa to ZP in activated eggs. However, the cortical reac-
tion or ZP2 cleavage alone is not sufficient to fend off 
polyspermy in other species such as the rabbit [332] or the pig 
[333]. In the pig, the antipolyspermy defense mechanism 
employs oviductal glycoproteins (OGP) expressed in a seg-
ment specific manner [334]. Consequently, porcine ova are 
highly polyspermic in vitro when they are not exposed to ovi-
ductal secretions, but less polyspermy is observed after coin-
cubation with oviductal fluid or with oviductal fluid components 
such as the OGP [334] or osteopontin [335]. Pertinent to the 
proposed role of sperm proteasome in sperm–zona interactions, 
inhibitors of sperm and oocyte-borne deubiqutinating enzymes, 
the ubiquitin-C-terminal hydrolases, increase polyspermy dur-
ing porcine fertilization in vitro [333]. Similarly, the gad 
mutant mice expressing mutant ubiquitin-C-teminal hydrolase 
L1 in the oocyte cortex are subfertile because of high 
polyspermy [336]. In lower vertebrates, the release of CG lec-
tins is thought to desensitize the egg coat to further sperm 
binding after oocyte activation, and this mechanism could also 

be applicable to mammals [328]. At the oolemma level, mem-
brane depolarization is thought to be the main mechanism of 
anti-polyspermy defense [337]. Contribution of sperm mem-
branes may alter the composition of oolemma and cortical 
cytoskeletal architecture to support antipolyspermy defense, 
as suggested by mouse ICSI experiments in which oocyte acti-
vation by sperm injection failed to activate the oolemma-based 
antipolyspermy defense [319].

25.5  Zygotic/Pronuclear Development

During spermiogenesis, the removal of sperm nuclear his-
tones and their replacement with protamines allows for the 
hypercondensation of sperm DNA. This histone–protamine 
exchange is reversed shortly after sperm incorporation in 
the ooplasm and removal of the sperm nuclear envelope 
(NE). The NE is then reformed, and oocyte-specific histones 
infiltrate the paternal chromatin. Simultaneouly, oocyte chro-
mosomes complete second meiosis and start decondensing 
into female pronucleus (PN). An early wave of transcription 
is observed mainly from the male PN. The pronuclei are 
brought together during the process of PN-apposition guided 
by microtubule sperm aster, organized by the sperm-contributed 
centriole-turned zygotic centrosome. DNA replication and 
first embryo cleavage follow. While the sperm nucleus 
and proximal centriole are transformed into male PN and 
zygotic centrosome, sperm mitochondrial sheath, fibrous 
sheath, and flagellar axoneme are degraded by the zygote. 
Contrary to natural fertilization, the ICSI fails to trigger 
oolemma-based antipolyspermy defense and may result in 
the asynchronous development of male and female PN.

Table 25.3 Zona pellucida and oolemma based anti-polyspermy defense in mammals

Species Human Pig Mouse Rabbit

Predominant anti-polyspermy defense site ZP ZP Both ZP and 
oolemma

Oolemma

Supernumerary spermatozoa accumulate  
in perivetelline space

No/rarely No/rarely Yes (few) Yes (many)

Polyspermy in vitro Moderate High Low ?

Other species with this pattern of sperm 
accumulation

Dog, golden hamster, sheep, field vole, ferret Rat, guinea pig, cat Pika, mole, bat

AE induction by ZP binding In most ZP-bound spermatozoa In some ZP-bound 
spermatozoa

?

Superfluous sperm detach from ZP after IVF  
and ZP hardening

No No Yes ?

Proteasomal inhibitors block sperm–ZP binding No No Yes ?
Proteasomal inhibitors block AE Yes Yes Yes ?
Proteasomal inhibitors block sperm–ZP penetration Yes Yes ? ?
Proteasomal inhibitors block sperm–oolemma 

fusion
No No Yes ?

Proteasomal involvement in sperm–zona interactions is also reviewed. References for the data summarized in Table 25.3: [108, 222, 223, 244, 327, 
435–438]
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25.5.1  Sperm Chromatin Remodeling  
and Formation of Pronuclei

The crucial event of male pronuclear development is the 
reversal of histone–protamine exchange. During spermio-
genesis, nuclear DNA packaging proteins, histones become 
dislodged by transitional proteins (TP1 and TP2) [338], then 
replaced by protamines, the arginine rich DNA-binding pro-
teins [339], and ultimately ubiquitinated for degradation by 
the 26 S proteasome [340]. Male mice deficient in ubiquitin-
conjugating enzyme HR6B are  infertile due  to a  failure of 
spermatid chromatid remodeling [341]. Protamine binding 
to sperm DNA allows for hypercondensation of sperm 
chromatin, which is important for the protection of sperm 
DNA until fertilization, but not permissive to transcription 
[339]. Consequently, the histone–protamine exchange is 
reversed after fertilization, when protamines are removed 
and replaced first by oocyte specific histones and later by 
somatic cell type histones in a predetermined developmental 
program [342–344]. Protamine removal and male PN for-
mation requires the disulfide-bond reducing capacity of 
ooplasmic peptide glutathione, produced during oocyte mat-
uration [345]. Consequently, oocytes depleted of glutathione 
during maturation are capable of fertilization but not of nor-
mal PN development [346]. While protamines are removed, 
other sperm chromatin or nuclear matrix proteins may be 
retained by the male pronucleus to support pronuclear devel-
opment [347]. Chromatin remodeling during pronuclear 

development after initial sperm nucleus decondensation is 
supported by nucleoplasmin-related protein NPM2, as shown 
by mouse knockout studies [348]. Apart from a small pool of 
redundant nuclear envelopes at the base of the sperm head, 
the NE of the fertilizing spermatozoa is deprived of nuclear 
pore complexes and has to be removed prior to sperm chro-
matin decondensation [349]. Nuclear pore complexes (NPC) 
are inserted in the de novo formed NE at an early stage of 
male and female PN development, and their saturation with 
NPC-binding lectins prevents pronuclear development [349]. 
Association of microtubule motor proteins, dynein and 
dynactin, with the NPC on male and female pronuclei 
anchors the sperm aster microtubules to pronuclear NE, thus 
facilitating pronuclear apposition [350].

25.5.2  Early Transcriptional Activity

Most of the stored maternal mRNA is degraded after fertil-
ization [351, 352], and a similar fate may meet stored mater-
nal proteins [333, 353]  (Fig.  25.3). Zygotic genome 
transcription starts as early as one cell stage [354, 355], 
mainly confounded to the male PN [356, 357]. Accordingly, 
male pronucleus attracts hyperacetylated histones to a higher 
degree than female PN [356], and has a higher content of 
transcription factors SP1 and TBP [358]. The appearance of 
compact nucleolus precursor bodies (NPBs) is a hallmark of 

Fig. 25.3 Proteasome-dependent degradation of ubiquitin-C-terminal 
hydrolase UCHL1  following  in vitro  fertilization of porcine oocytes. 
Biochemical analysis of UCH-turnover after porcine oocyte-activation 
(a) and parthenogenetic activation (b) was conducted by western blot-
ting of in vitro matured porcine oocytes harvested at consecutive time 
points after fertilization/activation. Evidence is provided that oocyte 
UCHL1 is postranslationally modified by ubiquitination prior to fertil-
ization and degraded by the oocyte 26 S proteasome after fertilization/
oocyte activation. (a) High molecular mass bands (Ubi-UCH) immuno-
reactive with anti-UCHL1 antiserum suggest  that UCHL1  is ubiquit-
inated in MII oocytes. Lane 1: 100 MII oocytes; lane 2: 100 zygotes 
cultured for 13 h after IVF;  lane 3: 100 parthenogenetic oocytes cul-
tured for 13 h after parthenogenetic activation; lane 4: 100 MII oocytes 

treated with 10 mM proteasomal inhibitor MG-132 at 6 h after insemi-
nation, a proteolysis blocking treatment that prevents the degradation of 
ubiquitinated proteins. (b) Time-lapse western blot of UCHL1 in por-
cine zygotes at 6 (lane 1), 7 (lane 2) and 8 (lane 3) h after insemination. 
Fifty oocytes were loaded per lane. (c) Affinity purification of ubiquit-
inated  UCHL1  species  from  porcine  in  vitro  matured  ova  by  using 
agarose-imobilized, recombinant ubiquitin-binding protein p62. Lane 1: 
anti-UCHL1 immunoreactive bands in the ubiquitinated oocyte–protein 
fraction purified by p62; lane 2: control elution of p62-agarose matrix 
not coincubated with oocyte proteins; lane 3: whole oocyte-extract (no 
p62-purification). Ubi-UCH=high mass, ubiquitinated UCHL1 species; 
UCH=nascent,  24  kDa  UCHL1-band.  Reprinted  from  [333] with 
permission from the publishers
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PN development [359] and some limited transcription of 
ribosomal genes may be occurring at the periphery of NPBs 
in one cell embryos [360]. Eventually, the NPBs are trans-
formed into reticulate nucleoli, the sites of ribosomal gene 
transcription and rRNA processing during later stages of pre-
implantation development. Oocytes of mutant mice lacking 
the mammalian homologue of Xenopus nucleoplasmin, the 
NPM2 gene product implicated in nucleolar biogenesis, fail 
to make normal NPBs and pronuclei [348]. It is thus not 
surprising that ribosomal and ribonucleoprotein-encoding 
genes are found in the first wave of transcription at one cell 
stage in the mouse. In addition, genes encoding for products 
involved in proton transport, ion transport, ribonucleotide 
triphosphate metabolism and proteasomal subunit genes are 
expressed by the zygote [355]. These early transcribed gene 
products may be rapidly translated to regulate zygotic devel-
opment. Altogether, the first round of zygotic transcription is 
referred to as minor genome activation and is followed by 
major genome activation occurring at two to eight cell stage 
in different mammalian species [361]. Major activation of 
the mouse genome occurs at two-cell stage and is controlled 
by a mechanism known as the “zygotic clock” that schedules 
zygotic gene transcription and translation based on time 
lapsed from fertilization [362]. Alternatively, the male 
PN-restricted transcription at one cell stage could serve as a 
proofreading mechanism assuring that there is no irreparable 
DNA damage left after sperm chromatin decondensation and 
protamine removal. A number of knockouts of genes involved 
in DNA repair and cell cycle checkpoints are embryonic-
lethal at an early stage of zygote/embryo development [363]. 
Chromatin remodeling after fertilization and pronuclear 
DNA replication and during the zygotic S-phase provides 
window of opportunity prior to nucleosome reformation dur-
ing which the maternal transcription factors gain easy access 
to their bidning sites on the paternal DNA [364, 365]. The 
deletion of BRG1 catalytic subunit of the chromatin remod-
eling  complex  SWI/SNF  causes  two-cell  embryonic  arrest 
[366]. Ablation of transcription intermediary factor 1a 
(TIF1a) that translocates into the pronuclear transcription 
foci in the mouse zygote, compromises zygotic transcription 
and embryo development [367]. Schultz [368] speculates 
that transcription at one cell stage in the mouse serves to 
mark promoters that will be utilized at two-cell stage during 
the onset of major genome activation.

Similar to other cells and tissues, the gene expression in 
gametes and embryos is in part controlled by epigenetic 
modification, cytosine methylation that occurs in pairs of 
cytosine and guanosine found within gene promoter 
sequences (CpG islands)[369]. The pattern of DNA methyla-
tion is erased immediately after fertilization, likely mediating 
a profound epigenetic effect on the embryo. Remethylation/
genome reprogramming then occurs after implantation [370]. 
The X-chromosome silencing or X-inactivation is an impor-

tant event of preimplantation development that dependents 
on DNA methylation [371–373]. If the fertilizing spermato-
zoon carries an X-chromosome, meaning the embryo is des-
tined to be a female with XX sex chromosome configuration, 
then one of the two X-chromosomes has to be silenced in 
order to promote gene dosage compensation by preventing 
redundant and potentially detrimental expression from both 
copies of the X-chromosome bound genes. Originally 
thought to occur at or shortly before blastocyst stage, 
X-silencing is now believed to be initiated at one-cell stage 
in humans and at two-cell stage of embryo development in 
the mouse when the X-inactivation-specific transcript (X-ist) 
gene is first transcribed [374, 375]. The Xist gene is expressed 
exclusively by the to-be-silenced copy of X-chromosome 
and the Xist RNA becomes associated with the silenced copy 
of X-chromosome early after fertilization [376]. The association 
of Xist noncoding RNA with the silenced X-chromosome 
triggers an extensive chromatin modification of the silenced 
X [377, 378]. Altered X-inactivation is observed in cloned 
mice [379], cattle [380], and in the neonatal-deceased cloned 
pigs [381].

25.5.3  Sperm Aster Formation and PN 
Apposition

The pinnacle of fertilization is the union of maternal and 
paternal genomes in the first mitotic metaphase plate. This 
integration is achieved through pronuclear apposition medi-
ated by microtubule cytoskeleton [382, 383]. The means of 
PN apposition by microtubule networks are common in all 
mammals, but the mechanisms of microtubule organization 
are strikingly different between rodents and other eutherian 
mammals, including primates [384]. In most plant and 
animal cells, the organization of microtubules in the meiotic/
mitotic spindle or in the interphase networks is governed by 
the centrosome, a microtubule organizing center (MTOC) 
composed of two centrioles and a halo of pericentriolar 
materials [385]. Uniquely, the MTOCs found at the spindle 
poles of mammalian oocytes are acentriolar [386] and 
the sperm centrosome is reduced to a single, proximal 
centriole devoid of pericentriolar material during spermio-
genesis [387, 388]. In all mammals but rodents, the fertiliz-
ing spermatozoon contributes this single centriole to the 
zygote [389–391]. During fertilization, the sperm proximal 
centriole is released from the sperm tail connecting piece 
by active proteolysis [392], then duplicates while attracting 
maternal, ooplasmic pericentriolar material and forms an 
active zygotic centrosome [267, 393]  (Fig.  25.4a–e). This 
newly formed zygotic centrosome has the ability to nucleate 
the polymerization of microtubules into a radial array referred 
to as sperm aster [269]. Sperm aster microtubules reach 
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toward the male and female pronuclei, fitted with nuclear 
envelope-bound microtubule motor proteins [350], and the 
male and female PN are brought together. Failure of sperm 
aster formation and pronuclear apposition has been revealed 
in the postfertilization-arrested human IVF and ICSI zygotes 

[394–397]. Injection of patients’ spermatozoa into bovine 
ova has been introduced as a prospective test of sperm 
centrosomal function for infertility patients [398]. Attempts 
have been made to relieve centrosome disfunction-related 
male infertility by “centrosomal donation” of the sperm 

Fig. 25.4 Centrosomal inheritance following fertilization in nonrodent 
mammals. (a–e) Diagram of zygotic centrosome reconstitution. (a) The 
fertilizing spermatozoon (left) carries a single centriole, termed proxi-
mal centriole, embedded in the connecting piece of its flagellum. The 
mature, fertilization-competent oocyte carries a metaphase-II-spindle 
with one acentriola microtubule-organizing center (MTOC) on each of 
its poles. Ooplasm contains tubulin molecules and centrosomal proteins 
necessary for de novo synthesis of centrioles and pericentriolar mate-
rial. (b) After sperm incorporation and head-flagellum-excision, the 
proximal centriole is released and starts attracting ooplasmic tubulin 
and pericentriolar proteins. (c) Tubulin nucleation and microtubule 
polymerization around the assembled pericentriolar material results in 
the formation of the sperm aster. The sperm centriole duplicates giving 
rise to a de novo synthesized daughter centriole (yellow centriole). (d) 
Pronuclear apposition occurs on the tracks of sperm aster microtubules, 
and the daughter centriole migrates to the opposite pole of the future 
mitotic spindle. Both sperm centriole and daughter centriole duplicate 
giving rise to two complete centrosomes on the opposite sides of 

apposed pronuclei. Each centrosome contains two centrioles. The DNA 
inside both pronuclei has now been  replicated. Hence,  two cycles of 
centriole duplication occurred within one cycle of DNA replication and 
centrosome duplication. (e)  First mitotic  spindle  forms with  aligned 
maternal and paternal chromosomes. (f–i) Sperm aster formation dur-
ing bovine fertilization starts even before complete incorporation of the 
whole sperm flagellum in the ooplasm. (f) Sperm–oolemma fusion, no 
sperm aster yet; only the microtubules of the oocyte meiotic spindle are 
stained red. (g, h) Early stages of sperm tail incorporation. Sperm head 
and flagellar connecting piece have already been exposed to ooplasm, 
resulting in sperm head decondensation and nucleation of nascent 
sperm aster microtubules (red) around the sperm proximal centriole. (i) 
Advanced stages of sperm incorporation; sperm aster is formed to 
approx. 1/3 final size. All zygotes were fixed at 7.5 h after gamete mix-
ing  during  IVF  and  processed  with  anti-tubulin  antibody  E7 
(Developmental  Studies Hybridoma Bank,  Iowa City,  IA)  and DNA 
stain DAPI. Perfocal epifluorescence images were superimposed onto 
DIC background
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centriole from a fertile donor, coinjected during ICSI, but 
they failed to rescue pronuclear apposition in the injected 
embryos [399].

25.5.4  Degradation of Sperm Accessory 
Structures

Akin to a space shuttle rejecting its engines after reaching 
orbit, the accessory structures of the sperm flagellum become 
separated from the sperm head early after sperm incorpora-
tion in the ooplasm and degraded [267, 268]. This process 
starts with the excision of the sperm tail from the head at the 
implantation fossa [267, 346]. This development, instrumen-
tal in the release of the sperm borne centriole and sperm aster 
formation, starts even before the whole length of the sperm 
flagellum is incorporated in the ooplasm (see Fig. 25.4f-I). 
At least in bovine and rat zygotes, the earliest event of sperm 
tail degradation is the dissolution of the fibrous sheath envel-
oping the sperm tail principal piece [267, 400]. The FS serves 
as a flexible scaffold of the sperm flagellar apparatus afford-
ing it both structural support and movement required for fla-
gellar motility [401, 402]. It contains A-kinase anchoring 
proteins and glycolytic enzymes necessary for the regulation 
of flagellar motility and ATP production, respectively [63]. 
Apart from the centriole, it is thought that the accessory, 
axonemal, and periaxonemal structures of the flagellum are 
not essential  for postfertilization development. However,  it 
should be considered whether cytosolic proteins amalgamated 
in the dense ribs of the FS could serve some function during 
early development, especially if they are released so quickly 
after fertilization.

The next degradation event during fertilization targets 
sperm mitochondria [267, 403] and is executed by ubiquitin-
dependent proteasomal proteolysis [404–407]. Sperm mito-
chondria are thus targeted for degradation selectively without 
the oocyte inflicting damage to its own mitochondria [407]. 
Degradation of paternal mitochondria prevents the mixing of 
two different mitochondrial genomes (maternal and paternal) 
within the zygote, an anomaly referred to as heteroplasmy 
[408]. An additional reason for the destruction of sperm 
mitochondria after fertilization is the likelihood that they 
have been exposed to reactive oxygen species prior to fertil-
ization and thus could carry damaged mtDNA [409, 410]. 
However, the recognition mechanism for the degradation of 
paternal mitochondria does not appear to screen for DNA 
mismatch between maternal and paternal mitochondrial 
genomes; the interspecific mouse crosses are heteroplasmic, 
carrying both maternal and paternal mtDNA, and viable 
[411]. Back-crossed interspecific mouse hybrids carrying 
foreign mtDNA on the background of homologous nuclear-
encoded mitochondrial membrane proteins eliminate pater-

nal mitochondria and paternal mtDNA just like wild type 
mice [412]. This selective depletion suggests that foreign 
mitochondrial membrane proteins, not the foreign mtDNA, 
are recognized by the zygote. Proteasomal degradation is 
the likely endpoint of a yet to be identified event that leads 
to the recognition of foreign mitochondrial membranes 
inside the zygote in a species-specific manner. One recently 
proposed candidate is the mitochondrial membrane translo-
cator system, including proteins TOM22 and TOM40 [413]. 
The degradation of sperm mtDNA coincides with, but does 
not precede, morphological changes in sperm mitochondrial 
membranes inside the zygote [414]. Thus far, only one case 
of maternal mtDNA leakage has been reported in humans. It 
involved a male patient with severe mitochondrial pathol-
ogy  because  of  a  deletion  of  NADH  dehydrogenase  sub-
unit-2 gene (ND2) [415]. To date, there are no reports of 
human IVF or ICSI causing aberrant mtDNA transmission 
[416]. In contrast, the experimental ooplasm donation pro-
cedure, causing heteroplasmy by transfer of mitochondria 
between donor and recipient oocytes, had to be discontinued 
because of occurrences of miscarriage and chromosomal 
anomalies [417].

The motile and supporting structures of the sperm 
axoneme, including microtubule doublets and outer dense 
fibers, persist in the zygote/embryo cytoplasm for several 
embryonic cell cycles [267, 268, 418, 419]. Although not 
likely to contribute to early embryo development, these 
structures, if not processed in a timely manner, could inter-
fere with embryo cleavage and development.

25.5.5  Differences Between Natural 
Fertilization and ICSI

During natural fertilization, the fertilizing spermatozoon is 
deprived of its plasma membrane during sperm–oocyte fusion, 
and its acrosome is lost even earlier during sperm–zona binding. 
Consequently, the ooplasm is brought into direct contact 
with sperm internal structures, allowing for their degradation 
or remodeling [268]. Besides direct exposure, sperm demem-
branation may support oocyte activation via membrane 
receptor binding events and contribute membrane compo-
nents to the oolemma [128]. In contrast, ICSI introduces 
spermatozoa with more or less intact plasma membrane and 
acrosome directly into the ooplasm, skipping multiple steps 
of fertilization and omitting sperm–oolemma binding events. 
Essentially, the major differences between ICSI and natural 
fertilization are in the mechanism of oocyte activation, anti-
polyspermy defense, and in the processing of sperm acces-
sory structures by the ooplasm.

As established earlier in this review, the processing of the 
sperm plasma membrane, acrosome, perinuclear theca, and 
sperm nuclear envelope during fertilization exposes the 
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sperm chromatin to ooplasmic factors in charge of decon-
densation and male PN-formation. In rhesus monkey, the 
postacrosomal sheath disperses shortly after the vesiculation 
of the plasma membrane after ICSI, but the subacrosomal 
perinuclear theca layer, often with the attached inner 
acrosomal membrane and acrosomal matrix, can severely 
restrict the decondensation at the apical pole of the sperm 
nucleus, causing a fertilization failure [420] (Fig. 25.5). Such 
a delayed sperm nuclear decondensation can result in an 
asynchronous development of male and female pronuclei in 
the ICSI zygotes [420–422]. The apical pole of the sperm 
nucleus, sheltered by the subacrosomal PT, seems to be the 
preferential location of sex chromosomes. It was suggested 
that subacrosomal PT persistence after ICSI could contribute 
to a slight increase of sex chromosome anomalies seen in 
ICSI children [423].

Earlier ICSI experiments demonstrated that sperm–
oolema binding is not necessary for oocyte activation, con-
veyed primarily by the release of SOAF from the sperm head 
perinuclear theca. While some oocytes may fail to demem-
branate the injected spermatozoon and solubilize its PT after 
ICSI (see above), oocyte activation is typically not the pri-
mary reason for post-ICSI fertilization arrest. If necessary, 

the lack of oocyte-activating sperm substances can be relieved 
by artificial activation following ICSI [424–426]. Even if not 
essential for triggering calcium oscillations, sperm–oolemma 
fusion and contribution of sperm membrane components to 
the oolemma may be necessary for establishing normal anti-
polyspermy defense at the oolemma level. Maleszewski et al. 
[319] demonstrated the lack of antipolyspermy defense in 
mouse ICSI-zygotes. Similar observations were later made 
in humans [427]. Recently, the anomalous remodeling of 
oocyte-cortical actin cytoskeleton after mouse ICSI has been 
suggested to be a contributing factor for the failure of post-
ICSI antipolyspermy defense in the mouse [428].

Acrosomal matrix proteases transferred by ICSI could be 
harmful for the zygote [429] (Fig. 25.6). The removal of the 
acrosome by sperm membrane permeabilization [430] or by 
induction of acrosomal exocytosis coupled with mechanical 
membrane disruption [431] improves oocyte activation and 
PN development after ICSI in animals. Similarly, rubbing of 
the sperm tail midpiece seems to generate mechanical forces 
along the plasmalemma that cause acrosomal disruption and 
plasma membrane vesiculation in the postacrosomal sheath 
of human ICSI spermatozoa that could promote oocyte acti-
vation and PN development [432–434].

Fig. 25.5 Retention of the subacrosomal perinulear theca layer fol-
lowing ICSI in the rhesus monkey oocytes. (a) The retained PT 
(arrows) restricts the apical pole of the nascent male pronucleus 
(♂), causing the uneven decondensation of paternal chromatin and 
the aberrant formation of the female proncuelus (♀). (b, c) Detail 

of the apical region of injected sperm head showing cords of  
condensed heterochromatin (arrow) and an intact subacrosomal 
perinuclear theca layer (arrowheads). The phenomenon of delayed 
male PN development after ICSI been described in detail by  
[420, 421]
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25.6  Conclusions

Substantial progress was made in understanding human/mam-
malian fertilization in the last decade. There are numerous 
issues to be resolved. Credible candidates have been identified 

for mediating sperm–oolemma binding and fusion and oocyte 
activation though the latter in particular may require further 
validation. Such knowledge could be used to optimize oocyte 
activation procedures during human ICSI, particulary in 
patients with anomalous or missing sperm head skeleton 

Fig. 25.6 Fate of the sperm head accessory structures following por-
cine ICSI. Resident proteasomes of the boar sperm acrosome were 
labeled red and sperm DNA blue. (a) Intact spermatozoa prior to ICSI. (b, 
c) Partial release of the acrosomal matrix from the injected spermatozoa 

found inside early stage ICSI zygotes. (d) Sperm head decondensation 
coincides with rejection of acrosome (arrow). Persistence of the redun-
dant subacrosomal perincuelar theca (PT; arrows) hinders the deconden-
sation of the apical sperm nucleus following rhesus monkey ICSI
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(globozoospermia). The issue of sperm–zona penetration 
remains unresolved and the number of pathways implicated in 
the downstream events of capacitation and acrosomal exocyto-
sis is tantalyzing. Advances in glycobiology of zona pellucida 
will have to be made to fully understand the mechanism of 
sperm–zona binding and antipolyspermy defense. Better under-
standing of acrosomal exocytosis and sperm–zona interactions 
could result in new gamete quality testing and selection proce-
dures for IVF and ICSI. Many described steps of fertilization 
could be manipulated to induce a contraceptive effect or to 
increase the yield of viable embryos for embryo transfer. 
Animal model studies generate technological advancements 
for better efficiency and safeguarding of IVF and ICSI. Without 
diminishing the importance of mouse as a genetic model, cau-
tion should be exercised when extrapolating rodent data to 
human fertilization. Inter-strain differences in fertility are also 
important and should be accounted for when examining the 
results of mouse fertilization studies. Alternative models such 
as large animals will probably be used increasingly in future 
fertilization research for these reasons.
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Abstract Sperm function tests assess the presence or 
absence of factors needed for proper fertilization and initia-
tion of embryogenesis; put differently, these tests measure 
the ability of a sperm to deliver a normal haploid comple-
ment of chromosomes to an oocyte. Advanced tests of sperm 
function have helped us to gain a tremendous understanding 
of the physiology of sperm capacitation, acrosome reac-
tion, and sperm–ovum interaction. For this reason alone, 
an understanding of these tests is still vitally important to 
the practicing andrologist, reproductive endocrinologist, or 
embryologist. These tests do accurately predict the likelihood 
of success with IUI (with or without ovarian hyperstimula-
tion) or IVF. Unfortunately, with the increased use of IVF/
ICSI, these tests are less widely used by physicians. Despite 
this, the usage of these tests to properly identify which cou-
ples need to proceed to IVF/ICSI (due to a low likelihood of 
success with IUI or IVF alone) would represent a significant 
step forward toward a cost-efficient and health-conscious 
treatment algorithm for couples with infertility.

Keywords Sperm function • Aneuploidy • Capacitation • 
Acrosome reaction • DNA damage • Sperm penetration assay 
• Hemizona assay

26.1  Introduction

Despite a growing understanding of the causes of male infer-
tility, as many as 25% of patients never have an underlying 
etiology for their infertility identified [1]. These patients, 
whose diagnosis is termed idiopathic male infertility, have an 

absence of abnormality on standard semen analysis and 
endocrine evaluation, in addition to a normal physical exam. 
They represent a complex subset of male infertility, and their 
evaluation can often be frustrating to even the most experi-
enced practitioners.

The routine semen analysis does not provide a measure of 
fertility potential. It was theorized that some significant 
percentage of infertile patients had abnormalities of sperm 
function that were not readily evident on standard semen 
analysis. These abnormalities would therefore have to affect 
such important sperm functions such as cervical mucus pen-
etration, capacitation, sperm–zona pellucida binding, sperm–
ova binding, decondensation and fertilization of the oocyte. 
In order to define these abnormalities, tests assessing these 
unique functions of spermatozoa were developed. These 
tests, in addition to their proper utilization and interpretation, 
are reviewed in this chapter.

Thinking more broadly, sperm function can be considered 
to be simply summarized as the ability of a single spermato-
zoon to deliver an appropriate haploid chromosome comple-
ment to an ovum. As such, those sperm that have normal 
motility, cervical mucus penetration, and ova binding, might 
still be considered functionally deficient if they have an abnor-
mal chromosome complement, or poorly packaged DNA. 
As such, a brief consideration of both sperm aneuploidy, as 
assessed by fluorescence in-situ hybridization (sperm FISH), 
and sperm DNA damage is included in this chapter.

Importantly, the development of intracytoplasmic sperm 
injection (IVF/ICSI) as an adjunct treatment to in vitro fertil-
ization (IVF) offered patients with abnormal sperm function 
a renewed hope with regard to having biological children. 
ICSI enabled otherwise normal spermatozoa to be directly 
injected into an oocyte, thereby obviating the need for nor-
mal sperm function with regard to capacitation and fertiliza-
tion. As a result of this, the clinical usage of these tests 
decreased significantly since the onset of ICSI. This is unfor-
tunate as proper evaluation prior to unexpected IVF failure 
can identify those patients with functional deficiencies and 
otherwise normal semen parameters who would benefit from 
the use of ICSI. Thus, the topic of advanced testing of sperm 
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function remains vitally important to the understanding of 
the physiology of fertilization and the many abnormalities 
that can interfere with this process.

26.1.1  Sperm DNA Damage

A limited consideration of this topic follows here; for a more 
complete discussion, please see Chap. 30. Taken together, 
the different tests of sperm DNA damage assess how well the 
haploid DNA content of each individual sperm is packaged. 
These tests include acridine orange staining (AO), the sperm 
chromatin structural assay (SCSA), terminal deoxynucleoti-
dyl transferase-mediated nick end labeling (TUNEL), and 
the Comet assay (single cell gel electrophoresis – Figs. 26.1 
and 26.2). Each test measures sperm DNA integrity in a dif-
ferent fashion; importantly, all of them with the exception of 
acridine orange staining alone correlate well with each other 
and with other semen analysis parameters such as density 
[2]. Moreover, recent work indicates that sperm DNA dam-
age may help predict ART success [3] and predict likelihood 
of recurrent pregnancy loss [4]. Sperm DNA damage may 
also serve as a reliable marker of correction of fertility 
impairing conditions such as varicocele [5]. Clearly, the utility 
of this test as a measure of sperm function is growing.

26.1.2  Sperm FISH for Chromosomal 
Aneuploidy

Chromosomal aneuploidy (abnormality in the number of 
whole chromosomes) results typically from nondisjunction 

events germ cell meiosis. The result of this is sperm that are 
either disomic or nullisomic for a particular chromosome. 
From a reproductive standpoint, this is important in that 
fertilization with these sperm results in embryos which are 
either monosomic or trisomic; many of these embryos are 
spontaneously aborted during pregnancy (resulting in couples 
presenting with recurrent pregnancy loss) or in offspring 
which are syndromic (Turner, Down, or Klinefelter Syndromes 
for example). As such, evaluation of sperm for abnormal num-
bers of aneuploid cells in couples with normal somatic karyo-
type presenting with (a) recurrent pregnancy loss (b) prior 
birth of an infant with a chromosomal disorder of numerical 
abnormality seems warranted.

To this end, researchers began considering sperm aneu-
ploidy in the 1990s using fluorescent in-situ hybridization in 
decondensed sperm nuclei [6, 7].

Importantly, normal fertile controls were found to have a 
relatively standard degree of chromosomal aneuploidy; this 
included normal values of autosomal disomy of around 
0.13% and sex chromosome disomy in 0.37% of sperm [6]. 
These numbers are in sharp distinction to those observed in 
infertile men (with normal karyotype). In these men, decrease 
of aneuploidy increased as standard semen analysis parame-
ters worsened [8].

Other important correlations with sperm aneuploidy 
have been noted including correlation with higher likeli-
hoods of recurrent pregnancy loss [9]. Work in this laboratory 
has identified extremely high degrees of sperm aneuploidy 
in patients with severe oligoasthenoteratozoospermia; 
these patients also had higher likelihood of failing assisted 
reproduction. As such, we continue to recommend this test 
for couples with recurrent pregnancy loss and for couples 
with history of two or more failed assisted reproductive 

Fig. 26.2 Abnormal result; sperm DNA damage via modified COMET 
assay, 40× image

Fig. 26.1 Normal result; sperm DNA damage via modified COMET 
assay, 40× image
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techniques (ARTs). This is in spite of the labor intensive 
nature of this test and its relatively high cost.

In our laboratory, multicolor FISH is performed on fixed 
and decondensed sperm using two sets of probes (tri-color 
for 18, X, and Y, dual-color for 13 and 21 – Fig. 26.3). 
Directed probes can be used in cases of known chromosomal 
abnormality (e.g., abnormal karyotype of fetal remains). 
FISH results are analyzed by an automated system (Bioview©, 
Bioview Ltd., Israel) which utilizes computerized cell count-
ing techniques. Results are then confirmed by technicians 
experienced with manual sperm FISH, and interpreted by 
qualified personnel. Automation of this process has resulted 
in an increased efficiency and accuracy in the performance of 
this difficult and labor intensive test (unpublished data).

26.2  Hypo-osmotic Swelling Test

Possibly the simplest assessment of advanced sperm function 
is found in the hypo-osmotic swelling test (HOST); this test 
answers the basic question of whether immotile sperm are 
alive (with an intact membrane) and are immotile or immotile 
due to the fact that they are dead. As a test of sperm viability, 
HOST depends upon the fact that a normal, live spermatozoon 
can maintain an osmotic gradient when placed in hypo-osmotic 
conditions. Specifically, when placed in a hypo-osmotic solu-
tion (150 mOsm/L or less), living spermatozoon absorb fluid 
in an effort to maintain an appropriate osmotic condition. The 
result of this fluid absorption is swelling of the plasma mem-
brane and curling of the tail. Initially described by Jeyendren 
et al., a normal ejaculated semen sample demonstrates >60% 
viability when assessed with this test [10].

HOST has a limited list of appropriate uses. It may be 
helpful in prediction of both IUI and IVF success [11, 12]. 
Most importantly, the test can be used in the diagnostic 

evaluation of the infertile male with a question of absent 
motility due to causes such as immotile cilia syndrome. 
A normal HOST test in these patients is consistent with via-
ble, but immotile cells, and should prompt genetic testing for 
causes such as Kartagener’s in addition to electron micros-
copy of sperm tails to identify specific abnormalities in the 
cytoskeletal architecture of the tail [13, 14]. The other impor-
tant use of this test is to identify live but immotile sperm 
obtained at the time of testicular sperm extraction (TESE)-
ICSI. Rare sperm found during examination of the testis 
sample is placed in the hypotonic solution – if swelling 
occurs, the sperm is immediately placed in injection medium 
and then used for ICSI. The test has provided a useful adjunct 
to the TESE-ICSI procedure.

26.3  Cervical Mucus/Sperm Interaction Assay

In much the same way that IVF/ICSI has made many of the 
tests of sperm–egg interaction less important, intrauterine 
insemination (IUI), in addition to the ARTs, has minimized 
the utility of assessments of cervical mucus and sperm. 
Traditionally assessed using the postcoital test (PCT), assess-
ments of cervical mucus/sperm interaction attempt to quan-
tify the ease with which ejaculated sperm can pass through 
cervical mucus. Abnormalities of cervical mucus/sperm 
interaction preventing passage of ejaculated sperm into the 
uterus from the vagina account for 10% of couples present-
ing with infertility [15]. As such, even though importance 
of this test is diminished given modern treatment options in 
the management of infertile couples, an understanding of the 
clinical implication of abnormal cervical mucus/sperm inter-
action is still useful.

Postcoital testing can be performed using numerous pro-
tocols; most typically, an aspirate of cervical mucus is taken 
within one-half hour of intercourse performed at midcycle. 
The mucus is examined microscopically for such character-
istics as ferning, spinnbarkeit and for the number and motil-
ity of sperm observed. In a normal test, at least 20 motile 
sperm are identified per high power field. Causes of abnor-
mal tests can include inappropriately timed coitus, endo-
crine abnormalities in the female partner, cross-reacting 
antisperm antibodies, poor semen quality, and coexisting 
genital tract infection.

Importantly, one of the major limitations of PCT is its 
inability to distinguish the causes for poor cervical mucus/
sperm interaction in the male and female. The TruTrax assay 
(Humagen) attempted to overcome this limitation by simulta-
neously assessing sperm interaction with both human and 
bovine cervical mucus. Studies supported the reliability, 
reproducibility, and clinical importance of this test [16], 
however, it is no longer commercially available.

Fig. 26.3 Five color probe fluorescence in-situ hybridization, 100× 
composite image, Cells marked A have appropriate haploid chromo-
some complement, Cell marked B is diploid
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The utilization of PCT has decreased, especially in light of 
increasing usage of IVF/ICSI. This is despite the data that 
clearly shows (a) that PCT can predict the likelihood of IUI 
success [17–20] and (b) that PCT can predict the need for ovar-
ian hyperstimulation in the setting of IUI [21, 22]. Utilization 
of IVF/ICSI has simply made these questions obsolete.

26.4  Sperm Capacitation Assays  
and Acrosome Reaction Assays

Capacitation is a series of changes that occurs in the sperma-
tozoon during passage through the female reproductive tract 
(specifically in fallopian tube) that results in a change in 
membrane permeability to calcium ions. This in turn results 
in hypermotility of the spermatozoon in addition to enabling 
the numerous changes that allow the spermatozoon to pro-
ceed through the acrosome reaction and successfully bind the 
zona pellucida.

While assays to define some aspects of the ability to 
achieve capacitation have been developed, they are of lim-
ited clinical utility. Research in capacitation continues with 
the goal of interfering with the process for the purposes of 
contraception [23–25].

If the endpoint of capacitation is the ability of a spermato-
zoon to undergo the acrosome reaction (AR), it would stand 
to reason that assessments of the AR are also important. 
Ejaculated spermatozoa, not having undergone capacitation 
naturally, do not easily undergo the AR; less than 10% of 
ejaculated spermatozoa from a normal fertile male can be 
induced to undergo the AR [26].

In vivo, the AR represents the release of hydrolases that 
subsequently enable binding and penetration of the zona pel-
lucida by a single spermatozoon. These hydrolases are 
released from the acrosome itself, which is an organelle 
unique to spermatozoa. Essentially a modified Golgi appara-
tus, the acrosome is found in normal spermatozoa between 
the inner and outer acrosomal membranes, deep to the sperm 
plasma membrane. Among the many hydrolases found within 
the acrosome, acrosin is the predominant one. Importantly, 
the AR occurs specifically when the sperm plasma membrane 
and the outer acrosomal membrane fuse; again, this process 
requires capacitation to have occurred.

In vitro assessments of the acrosome reaction included spe-
cific stains and antibodies to the acrosomal components [27, 
28]; perhaps, the most widely used of these was the triple stain 
technique [29]. Importantly, in vitro assessments of AR require 
ejaculated spermatozoa to have undergone ex vivo capacita-
tion [30, 31]. Compounds that induce capacitation ex vivo 
include progesterone and calcium ionophore A23187 [30, 32, 
33]. Again, despite the fact that some studies did correlate 
abnormal AR assay results with poorer likelihood of successful 
IVF, the use of the AR assay is increasingly limited. It has 

fallen out of favor for a number of reasons; these include 
the development of IVF/ICSI and the labor intensiveness/
unreliability of the test at baseline. The test can be used to 
definitively identify globozoospermia (round headed sperm) 
with associated total absence of the acrosome; this represents 
an important genetic defect of spermatogenesis. The gold 
standard diagnostic test for this condition is also electron 
microscopy (rarely used in the andrology laboratory).

26.5  Hemizona and Zona-Pellucida  
Binding Assay

Tests measuring the ability of spermatozoa to bind the zona 
pellucida with high affinity were first designed by Burkman 
et al. in 1988 [34]. This built upon the work by Overstreet 
[35] that considered the nature of sperm–ZP binding in non-
viable ova that had been harvested from cancer patients. 
This, and other, research demonstrated that sperm from IVF-
failure couples routinely bound the zona pellucida with less 
efficacy than sperm taken from fertile controls [36].

Methodologically, the test requires micromanipulation of 
ovum or ova in question; these ova are bisected, and the two 
resulting fragments of zona pellucida (hemizona) are removed. 
These can be stored in preservative without significant rates of 
loss. Using either fresh or preserved zona, the test is performed 
using both subject and donor sperm after an isolating wash 
(either swim-up or Percoll gradient centrifugation). Sperm are 
incubated with the hemizona for a fixed period of time (41 h) 
and are then gently washed. Hemizona are then examined using 
phase-contrast microscopy and the number of sperm bound to 
each ZP are counted and compared. An index is calculated 
from this; previous work determined a cutoff of 35% of normal 
to indicate likelihood of IVF success [37]. The assay requires 
technical expertise in micromanipulation (cutting the zona pel-
lucida), and it is limited by the fact that it is performed upon 
ova from failed IVF cycles – ova which may not be normal.

Importantly, modifications to sperm–ZP binding assays 
have made them more useful. Most specifically, Liu et al. 
described competitive zona-pellucida binding using fluores-
cently labeled sperm with different fluors used for the test 
subject and the donor [36] This simple modification did away 
with the need to compare hemizona; instead donor and test 
subject sperm could be incubated with whole ova and allowed 
to competitively bind. Using standard fluorescence micros-
copy, an index is again calculated. As a result of this modifi-
cation, micromanipulation of ova is not necessary to perform 
the test, which increases the potential of its widespread utili-
zation. In addition, this test allows for the assessment of IVF 
failed ovum for male versus female factor. When assessing 
these ova with both control and patient sperm simultane-
ously, failure to bind the ZP by any sperm implies an egg 
factor while failure of patient sperm alone to bind implies 
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male factor [36]. This represents a significant step forward 
in the utility of zona pellucida binding assays.

Interestingly, work from Huszar and colleagues elaborates 
on this point; these researchers observed that sperm that bound 
the ZP well also bound hyaluronic acid (HA) beads with an 
increased affinity [38]. They hypothesized that both ZP and 
HA binding might be indicative of sperm maturity, and subse-
quent work confirmed that poor HA binding correlated with 
poorer strict morphology [39], higher levels of aneuploidy 
[39], and poorer ICSI outcomes in animal studies [40]. They 
continue to work along this theory with the hopes of develop-
ing a reversible HA binding “trap” that would allow for the 
selection of mature sperm to be used in IVF/ICSI.

Despite this, usage of ZP binding assays and other related 
functional tests is still minimal. Increasing usage of IVF/ICSI 
as a treatment option again plays a significant role; in 
addition, many labs and clinics did not develop familiarity 
with the test when it required expertise in micromanipulation 
(bisection of ova and creation of hemizona), and as such, did 
not create room for the test in their diagnostic algorithm. In 
the modern ART lab, this test should be part of a workup of 
couples that helps direct them to an appropriate reproductive 
choice. In other words, this test, when properly utilized, can 
help determine which patients need to proceed to IVF/ICSI, 
by providing some indication of which patients will fail IVF. 
If further evolution of this line of testing allows for better 
selection of mature sperm for ICSI, thereby improving ICSI 
success rates, this would also represent a significant advance 
over our current practice.

26.6  Sperm Penetration Assay (or Zona-Free 
Hamster Oocyte Penetration Assay)

Based upon the observation that human sperm will success-
fully penetrate zona-free hamster oocytes in vitro, first noted 
by Yanagamachi et al. in 1976 [41], the sperm penetration 
assay (SPA), is a test of the ability of spermatozoa to (a) 
undergo capacitation, (b) fuse with the egg membrane, and (c) 
disperse sperm DNA content thereby resulting in the forma-
tion of the male pronucleus. This complicated test of sperm 
function was developed in the late 1970s and corresponded 
with the initial development and utilization of IVF. Practitioners 
correctly hypothesized that SPA testing might offer useful 
predictive information regarding IVF success.

Numerous series did correlate normal SPA results with 
IVF success, with an acceptable number of false-positive 
results [42, 43]. However, a disproportionate number of 
false negatives were observed, implying that sperm that 
failed the SPA were actually able to fertilize oocytes with an 
acceptable success rate in vitro. Ultimately, this difference 
was attributed to variability in the rate at which spermatozoa 
undergo capacitation [44].

With an effort to improving this test, modifications were 
made to the routine SPA protocol in our laboratory (see 
Fig. 26.4) [45, 46]. This “optimized SPA” maximized pene-
tration rates through a standardized incubation protocol for 
spermatozoa (4°C for 42 h in test-yolk buffer followed by a 
rapid warming protocol); as a result, false negative results 
were decreased, thereby improving sensitivity. This was 

Fig. 26.4 Hamster ovum sperm penetration assay; phase contrast microscopy, 40×. Lighter regions on surface of ovum are decondensed sperm. 
Some bound sperm that have not yet decondensed are also evident
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accomplished while maintaining an appropriate specificity 
and positive predictive value when used as a predictor of 
IVF success.

Importantly, the improvement in penetration rates 
observed as a result of this incubation mandates that sperm 
penetration is assessed in a different fashion than that which 
is reported in other descriptions of the test. An average num-
ber of penetrations per oocyte is calculated (p/o); this is 
termed the “sperm capacitation index.” Anywhere from 5–50 
penetrations per oocyte or more may be observed in a normal 
result; abnormal results are defined as less than five penetra-
tions per oocyte. Again, these thresholds were successfully 
validated prospectively using IVF success as the primary 
outcome [45].

SPA, regardless of the methodology used, is a highly 
complex bioassay. The important keys to its successful utili-
zation include the stringent use of standards and controls to 
maintain bioassay control, as well as a laboratory-specific 
definition of the normal range. The test is highly predictive 
of a positive outcome in IVF, but cannot predict fertilization 
failures due to defects in sperm–zona interactions or an egg 
factor. Its utilization in the evaluation of infertile couples has 
also decreased significantly since the onset of IVF/ICSI. 
Again, however, the modern day IVF laboratory should be 
familiar with this assay, especially as it could be properly 
used to identify those couples who have a high likelihood for 
success with IVF alone as opposed to ICSI. Importantly, 
Gvakharia et al., adapted this test to predict fertilization out-
come in IVF–ICSI and successfully predicted those men 
whose sperm failed to decondense after ICSI [47]. As pres-
sure mounts regarding the safety of IVF/ICSI, proper identi-
fication of those patients who truly need ICSI (abnormal SPA 
assays) remains vitally important.

26.7  Conclusions

The numerous bioassays developed to assess sperm function 
are complex and somewhat difficult for many practitioners to 
understand. In this era of increasing utilization of IVF/ICSI, 
they also seem at first glance to be of limited utility. Instead, 
these tests offer us vital insight into reproductive and sperm 
physiology. Moreover, they may again become useful as cost 
and ethical concerns drive us to reassess the treatment algo-
rithm presented to infertile couples. These tests can identify 
those men with normal semen parameters (count, motility, 
morphology), whose sperm are functionally deficient; impor-
tantly, this deficiency is NOT evident on standard semen 
analysis. As practitioners begin to ask themselves the ques-
tion, “Who should we send for IVF/ICSI?,” these tests may 
again become vitally important.
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Abstract Patients with severe male factor are more likely to 
be carriers of chromosomal abnormalities both in their sperm 
and in their lymphocytes. These abnormalities include numer-
ical alterations, structural alterations, and Y chromosome 
microdeletions. Gene mutations that cause male infertility 
and studies identifying polymorphic regions that, in conjunc-
tion with environmental factors, may be associated with male 
infertility have been described. Until further gene mutations 
are identified, standard genetic testing of infertile men is 
largely limited to chromosomal karyotyping, Y chromosome 
analysis, and cystic fibrosis gene mutation analysis.

Keywords Karyotype • Y chromosome microdeletion  
• Mutation • Polymorphism • CFTR • Gene

27.1  Introduction

27.1.1  Genetic Testing in Male Infertility

Nearly 7% of men are affected by semen anomalies, such as 
abnormal sperm number, motility, and/or morphology. The 
etiology of impaired sperm production and function can be 
related to different factors acting at pretesticular, posttesticu-
lar or directly at the testicular level [1]. Genetic factors can 
be identified in each etiologic category, and some of them 
can be tested in selected groups of patients (Table 27.1). 
With the aid of an extensive medical work up (medical 
history, physical examination, semen analysis, hormone 
measurement, ultrasound examination of the genital tract, 
and genetic testing), a diagnosis of the cause of male infertil-
ity can be obtained in about 70% of cases, while in the 
remaining 30%, no clear-cut cause is found, and these cases 
are referred to as “idiopathic infertility.” Currently, unidentified 

monogenic mutations (“causal factors”) or polymorphisms 
(“genetic risk factors”) acting with other undefined cofactors 
(genetic or environmental) are likely to be involved in the 
majority of “idiopathic” cases. This chapter deals with rou-
tine genetic testing in male infertility (focusing on indica-
tions and genetic counseling) and will shortly discuss about 
new genetic factors with potential clinical interest.

27.1.1.1  When Should We Suspect a Genetic Cause?

Both the medical history and physical examination are of 
value for orienting doctors toward a genetic cause. Much 
care should be taken concerning the collection of familial 
history for infertility, congenital abnormalities, mental retar-
dation, miscarriages, and premature ovarian failure (mother 
or sisters). Medical history of bronchiectasis, sinusitis, and 
dextrocardia at the physical examination is typical for the 
Kartagener syndrome, although situs inversus may be absent 
in certain cases.

Certain physical features, such as hypoandrogenization 
and hypospadia, may be due to mutations in the androgen 
receptor gene. Extremely small firm testes, with typical 
eunocoid features are indicative of Klinefelter syndrome. On 
the other hand, an eunocoid habitus with infantile genitalia, 
sparse or nearly absent body hair, gynecomastia, and low tes-
ticular volume is typical of congenital gonadotrophin defi-
ciency, which can be associated with hypo- or anosmia in 
Kallmann’s syndrome.

27.2  Pretesticular (Congenital Endocrine) 
Forms of Male Infertility Due to Genetic 
Factors

A fully efficient hypothalamic-pituitary-gonadal axis is 
requested for both endocrine and reproductive functions of 
the testis. Genetic factors causing deficit of gonadotrophins 
(LH, FSH) may act at hypothalamic or pituitary level and are 
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responsible for the congenital forms of hypogonadotropic 
hypogonadism. Idiopathic hypogonadotropic hypogonadism 
(IHH) may be an isolated condition or associated with anos-
mia/hyposmia (Kallmann syndrome). While the list of candi-
date genes is constantly increasing, the aethiology remains 
still unidentified in 70–80% of cases [2–5]. The clinical het-
erogeneity is remarkable in some of these genetic forms of 
isolated hypogonadotropic hypogonadism, suggesting that 
environmental factors or epigenetic phenomena and/or mod-
ifier genes may influence the phenotype.

27.2.1  Kallmann Syndrome

The Kallmann syndrome is a clinically and genetically het-
erogeneous disorder, characterized by hypogonadotropic 
hypogonadism and anosmia or hyposmia. Segregation analy-
sis in familial cases demonstrated diverse inheritance pat-
terns (autosomal dominant, autosomal recessive, X-linked). 
To date, loss-of-function mutations causing this pathology 
have been described in two genes: KAL1, encoding anosmin-1 
[6, 7] and KAL2 encoding fibroblast growth factor receptor 1 
(FGFR1) [8]. Recently, mutations in PROKR2 encoding G 
protein-coupled prokineticin receptor-2 and PROK2 encod-
ing its ligand, prokineticin-2 were also reported [9], and they 
are two new candidate genes for this disease.

KAL1 is located at Xp22.3, and mutations are responsible 
for the X-linked form of the disease. Although incomplete 
penetrance of hypogonadism and/or anosmia within and across 
families with Kallmann syndrome is frequently described, 
patients with KAL1 mutations exhibit an almost uniformly 

severe and highly penetrant reproductive phenotype. 
Among nonreproductive and nonolfactory disorders, renal 
agenesis and bimanual synkinesis show the highest inci-
dence, occurring in approximately 30–40% and 75% of 
cases, respectively. These mutations have been identified in 
approximately 8–11% of the sporadic and in 14–50% of the 
familial cases of X-linked Kallmann syndrome [10, 11]. No 
correlation has been demonstrated between phenotype and 
location of the mutations.

The FGFR1 gene, also called KAL2, is located at chromo-
some 8p12. FGFR1 abnormalities have been associated with 
wide variability of sexual maturation from complete absence 
of puberty to normal reproductive function within families 
harboring the same mutation [12]. Mutations in the FGFR1 
(KAL2) gene occur in approximately 7–10% of patients 
(male and female) with autosomal dominant IHH, anosmic/
hyposmic or normosmic [8, 13, 14]. These patients may also 
have neurologic abnormalities, midfacial defects, and skele-
tal anomalies. The similar clinical phenotype shared by KAL-
1 and FGFR1 mutated patients suggests a putative anosmin-1 
and FGFR1 interaction and/or activation of common 
pathways.

The PROKR2 gene was mapped to chromosome 20p13, 
whereas the PROK2 gene to 3p21.1. There are only few 
studies about the frequency of PROKR2 and PROK2 muta-
tions. Dode et al. [9] investigated 192 (144 males and 48 
females) unrelated individuals affected by Kallmann syn-
drome and identified 10 different mutations of PROKR2 
(one frameshift and nine missense mutations) in 14 patients 
with variable degrees of olfactory and reproductive dysfunc-
tion. The cause–effect relationship between the majority of 
these mutations and the phenotype is suggested by the site, 

Table 27.1 Diagnostic genetic testing in male infertility. All listed gene and chromosomal anomalies are in direct cause effect relationship with 
azoo/oligozoospermia, except “gr/gr” deletions and some of the chromosomal anomalies which are considered “risk factors” (i.e., they can be 
found also in normospermic subjects but at a significantly lower frequency). CAVD congenital absence of vas deferens, AZF azoospermia factor

Gene or region Chromosome location Pattern of inheritance Indication for testing

Pretesticular
KAL-1 Xp22.3 X-linked Kallmann sdr
KAL-2 (FGFR1) 8p12 Autosomal dominant Kallmann sdr or normosmic IHH
PROK2/PROK2R 3p21.1/20p13 Autosomal recessive Kallmann sdr or normosmic IHH
FGF8 10q24 Fibroblast growth factor 8

Autosomal dominant
Kallmann sdr

GnRHR 4q13.2-3 Autosomal recessive IHH (normosmic)
KiSS1/GPR54 1q32/19p13.3 Autosomal recessive IHH (normosmic)
FSHB 11p13 Isolated FSH deficiency
LHB 19q13.32 Isolated LH deficiency

Posttesticular
CFTR 7q31.2 Autosomal recessive CAVD (bilateral/monolateral)

Idiopathic epydidimal obstruction
Testicular
Chromosomal Anomalies*(structural or numerical) Oligozoospermia<10 millions spzoa/ml

AZF Yq11 Y-linked Oligozoospermia<5 millions spzoa/ml
AR Xq11-12 X-linked Hypoandrogenized (high ASI) infertile man
gr/gr* AZFc Y-linked Oligozoospermia
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i.e., in highly conserved amino acids and the lack of these 
mutations in the control group. However, functional studies 
are still missing. It is also important to note that some other 
mutations of the PROK2 and PROKR2 genes were detected 
in clinically unaffected individuals as well, indicating that 
additional genetic or nongenetic factors are involved in 
disease production. At this regard, in a sporadic case of 
Kallmann syndrome, a heterozygous mutation in both the 
PROKR2 and the KAL1 gene was detected suggesting 
digenic inheritance.

27.2.1.1  Idiopathic Hypogonadotropic 
Hypogonadism

The GnRH-R and GPR54/Kiss1 genes have been implicated 
in IHH etiology of normosmic patients, and a few mutations 
of the beta subunits of LH and FSH were described in patients 
with selective gonadotropin deficiency [2, 3, 5].

The human GnRH receptor gene (GnRH-R) has been 
mapped to chromosome 4q13.2–3, and mutations have been 
found exclusively in normosmic IHH patients. Approximately, 
40% of autosomal recessive and 16% of sporadic IHH cases 
are due to mutations in this gene [15, 16]. The two most fre-
quent GnRH receptor mutations are Q106R and R262Q, 
accounting for approximately half of all reported GnRH-R 
mutations [17]. Both these mutations usually occur in a com-
pound heterozygous state and have been shown to cause par-
tial loss of function in in vitro studies [18]. The phenotypic 
spectrum of normosmic IHH patients with GnRH-R muta-
tions varies from partial to complete hypogonadism. Recently, 
subtle phenotypes such as apparent constitutional delay of 
growth and puberty and borderline oligospermia were 
reported in males with partial loss-of-function mutations of 
the GnRH receptor [19].

Recently, kisspeptin and its receptor GPR54 have been 
strongly implicated in the regulation of puberty onset through 
the regulation of GnRH secretion. The human GPR54 gene 
is located at chromosome 19p13.3 while KiSS1 to 1q32. In 
2003, two independent groups described inactivating muta-
tions in the GPR54 gene in normosmic IHH patients [20, 
21]. Since then, only a few loss-of-function mutations have 
been described in the GPR54 gene, comprising approxi-
mately 5% of all normosmic IHH patients investigated to 
date. Mutations in GPR54 cause autosomal recessive IHH in 
both humans and mice. The phenotype of compound 
heterozygous patients ranges from partial hypogonadism 
[20], to a severe phenotype including micropenis, bilateral 
cryptorchidism and undetectable levels of gonadotropins 
[22]. Heterozygous carriers of GPR54 loss-of-function muta-
tions have normal pubertal development. The majority of 
IHH patients identified with GPR54 mutations are either 
familial or sporadic cases with consanguineous parents. 

Although the KiSS1 gene is another obvious candidate for 
genetic screening in cases of IHH, only one homozygous 20 
nucleotide insertion in the 3¢ terminal end of the coding 
sequence was described after having tested a relatively large 
group of patients with sporadic or familial normosmic IHH 
[23]. The mutation was found in a boy with micropenis and 
bilateral cryptorchidism diagnosed with IHH at the age of 3 
months. However, no functional studies regarding this unique 
finding have been published so far.

Gonadotrophin deficiency can be also due to mutations of 
the beta subunits of LH and FSH. To date, only four distinct 
FSHB mutations in five unrelated females and two males 
with hypogonadism have been described (for review see [24] 
and references therein). Because of the functional conse-
quences of these mutations, patients were found to have 
undetectable serum FSH and elevated serum LH levels. 
Mutations of LHB gene are also very rare and only two have 
been described so far. In one subject, the homozygous muta-
tion (Q54R missense mutation) leads to delayed puberty, 
arrested spermatogenesis, low testosterone but elevated 
serum LH [25]. In the second patient with delayed puberty 
and infertility due to a homozygous G36D missense muta-
tion serum LH was undetectable [26]. Treatment with hCG 
in this patient promoted virilization, increased testosterone 
levels, and enabled normal spermatogenesis [26].

27.2.1.2  Genetic Testing and Counseling

Given that the screening for mutations in all the above 
described genes provides the identification of mutations only 
in about 20–30% of IHH cases, additional genetic causes are 
expected to be discovered in the future. The diagnosis of 
congenital hypogonadotropic hypogonadism is normally 
made before adulthood since in the majority of cases it is 
associated with delayed puberty. However, in some cases, 
reduced spermatogenesis and mild hypoandrogenism may be 
the only symptoms, and thus the diagnosis may be delayed 
till adulthood. From a practical point of view, the selection of 
genes to be screened in a given individual is on the basis of 
the presence/absence of hypo/anosmia and the type of inheri-
tance patterns in the family. However, in sporadic cases and 
in normosmic IHH – because of the lack of a clear cut geno-
type phenotype correlation – each candidate gene should be 
tested in a sequential way. Since spermatogenesis can be 
relatively easily induced by hormonal treatment, genetic 
screening prior therapy would be strongly suggested. The 
treatment with gonadotrophins will allow natural conception 
in the large majority of cases (even with relatively low sperm 
count), hence the identification of the involved gene 
(X-linked, autosomal dominant or recessive) can provide a 
more accurate genetic counseling, i.e., a risk estimation for 
transmission to the offspring.
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For the moment, no relationship between treatment 
responsiveness and type of genetic defect has been reported. 
However, it is interesting to note that in some cases of IHH, 
long term testosterone treatment has lead to spontaneous 
reversibility of reproductive function [27]. It is therefore 
plausible that in the future, the identification of mutations 
will have not only diagnostic but also prognostic value for 
treatment options and responsiveness.

27.3  Posttesticular Forms of Male Infertility 
Due to Genetic Factors

The association between CFTR (Cystic Fibrosis Trans-
membrane Conductance Regulator) mutations and congenital 
agenesia of vas deferens (CAVD), both mono or bilateral, is 
well established [28, 29]. The CFTR gene [30, 31] is located 
on cr. 7 (7q31.2) and it is highly mutated with more than 1,500 
mutations and variants described in the gene bank (www.
genet.sickkids.on.ca/cftr/). A severe reduction in the amount 
of functional CFTR protein (generally due to the presence of 
two “severe” mutations) is associated to CF (Cystic Fibrosis) 
which is the most common fatal autosomal-recessive disorder 
in the white population (frequency 1:2,500). The combination 
of less severe mutations, and thus a less severe reduction of 
functional CFTR protein (below 50% but above 10%) may 
lead to “mild forms” of cystic fibrosis, including CAVD. The 
most widely diffused mutation both in CF and CAVD is the 
delta F508 mutation (about 70% of the total CF mutations in 
patients). Some mutations are frequently found in CAVD such 
as G542X, R553X, W1282X (all non sense mutations where 
X symbolizes a stop codon), N1303K (missense), R117H. The 
role of intron 8 variants (IVS8-5T, IVS8-7T, IVS8-9T) in the 
phenotypic expression of mutations is also well established. 
The three variants includes different numbers of thymidines 
within the acceptor splice site of intron 8, i.e., 5, 7 and 9, 
respectively. The length of the T tract affects the spilicing effi-
ciency of exon 9 and thus the percent of normal CFTR mRNA. 
The 5T tract is the less efficient and allows about 8–10% of 
CFTR mRNA to be completed with exon 9. The lack of exon 
9 leads to a nonfunctional Cl channel, and thus the combina-
tion of 5T with other mutations (severe or mild) may cause the 
development of CF or CAVD. There is a five- to sixfold 
increase in the frequency of the 5T variant among CAVD 
chromosomes [29].

The pathophysiological basis of CFTR mutation in cystic 
fibrosis and CAVD is related to the abnormal function of the 
CFTR-encoded chloride channel that leads to a defective 
fluid transport [32]. Since azoospermia is due to obstruction, 
patients with CAVD are assumed to have normal testicular 
function and spermatozoa can be retrieved for later use in 
in vitro fertilization cycles. Some studies suggested an 

association between CFTR mutation and defective testicular 
function; however, the latest data based on an extensive 
CFTR analysis in infertile individuals versus well selected 
fertile population definitively excludes the involvement of 
the CFTR gene variants in sperm production [33]. In a 
mouse model, Xu et al. [34] demonstrated that CFTR pro-
tein is involved also in HCO3- membrane transport as 
well, which is essential for sperm capacitation and thus 
for sperm fertilizing ability. These data would suggest a 
possible role for CFTR mutations in the aethiology of 
unexplained couple infertility, but it requires further 
confirmation.

27.3.1  Genetic Testing and Counseling

Currently the CFTR mutation screening should be limited to 
obstructive defects, which can be correlated to the reduction 
of functional CFTR protein, i.e., CAVD and idiopathic epy-
didimal obstruction. Given that the frequency of a particular 
CF mutation is a variable between different geographic areas 
and shows important ethnic differences, the routine mutation 
screening is based on a panel of mutations (normally 30), 
which are the most common for a given population. Since 
the 5T-tract variant is now considered a mild CFTR mutation 
rather than a polymorphism, it should be analyzed in each 
CAVD patient. The mutation screening in CAVD patients 
will lead to the identification of CFTR mutations in 80–90% 
(depending on how extensive is the analysis, i.e., if the entire 
gene is analyzed), while in patients with idiopathic epydidi-
mal obstruction it will be around 47% of [35]. CAVD with 
associated renal anomalies is related to another, not yet iden-
tified genetic defect, therefore these patients have no addi-
tional risk to be CFTR mutation carriers in respect to the 
general population.

Since the carrier frequency of CFTR mutations in persons 
with Northern European descent is high (1:25), the screening 
for CF gene mutations in the female partners of men with 
CAVD without congenital kidney anomalies should be per-
formed before assisted reproduction. In most cases, the stan-
dard screening panel, containing the 30–50 most common 
mutations for a given geographic area and ethnic group, may 
not be sufficient for detecting mutations in both partners. For 
this reason, a whole gene screening is advised in both, CAVD 
patient and his partner. If mutations are detected in both part-
ners, the risk of an offspring with CF (or mild forms of CF, 
depending on the type and combination of mutations) is very 
high and Preimplantation Genetic Diagnosis (PGD) should 
be advised to the couple. However, in most cases, it remains 
difficult to make precise risk estimates due to different degree 
of penetrance of the same genotype between different 
individuals [36].

http://www.genet.sickkids.on.ca/cftr/
http://www.genet.sickkids.on.ca/cftr/
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27.4  Testicular Forms Due to Genetic Factors

Although the list of potential genetic factors affecting 
spermatogenesis directly at the testicular level is progres-
sively expanding, there are only a few diagnostic genetic 
tests available for clinical purposes (Table 27.1). Given the 
apparently low prevalence of causative single gene muta-
tions, idiopathic infertility should be regarded as a poly-
genic disease with complex traits. Data on genetic variants/
polymorphisms are promising although highly controver-
sial. Gene sequence variants are likely to be involved in the 
phenotypic translation of environmental factors, however 
there are only sporadic studies concerning this specific 
topic. On the other hand, when more than one study is pub-
lished on genetic risk factors, data are often contradictory, 
and in many occasions, the first described positive associa-
tion is not confirmed in later studies. Discrepancies in the 
literature are mainly due to biases related to the study 
design (for example insufficient size of the study popula-
tion, inadequate selection of controls and patients, lack of 
matching for ethnic background) or to methodology issues. 
A comprehensive review about polymorphisms is given in 
[37, 38].

Genetic anomalies related to primitive testicular failure 
can be detected in leucocytes or directly in spermatozoa. 
Among the first, karyotype evaluation and Y chromosome 
microdeletion screening have become routine genetic tests 
for men with severe spermatogenic failure. Among the sec-
onds, sperm DNA integrity testing and sperm aneuploidy 
analysis by FISH should be advised only for distinct patholo-
gies, and they are discussed in the other chapters of this book 
and in [39, 40].

27.4.1  Chromosomal Abnormalities

Karyotype abnormalities occur in about 0.4% of the gen-
eral population and can affect the number or the structure 
of chromosomes. Severely impaired sperm production is 
associated with a significantly higher frequency of both 
numerical and structural chromosomopathies [41]. The 
more severe is the testicular phenotype the higher is the 
frequency of chromosomal abnormalities. Patients with 
less than 10 millions spermatozoa/ml show already a ten 
times higher incidence (4%) of mainly autosomal struc-
tural abnormalities in respect to the general population. 
Among severe oligospermic men (<5 million spermato-
zoa/ml), the frequency increases to 7–8%, whereas in 
nonobstructive azoospermic men, the frequency reaches 
the highest values, 15–16%. Klinefelter syndrome (47, 
XXY) represents the most common karyotype abnormal-
ity in severe male factor infertility, followed by Y chro-

mosome terminal deletions (Yq-) and structural autosomal 
abnormalities.

27.4.1.1  Klinefelter Syndrome

Klinefelter syndrome is the most common sex chromosome 
abnormality in humans with an incidence of 1:600 in live 
births and 1 in 300 in spontaneous abortion [42]. It is also the 
most frequent chromosomal anomaly in azoospermic men 
(14%). About 80% of patients bear a 47, XXY karyotype, 
whereas the other 20% represented either by 47, XXY/46, 
XY mosaics or higher grade sex chromosomal aneuploidy or 
structurally abnormal X chromosome [43]. The syndrome is 
classically characterized by hypergonadotrophic azoo-
spermia, small firm testes and symptoms of androgen defi-
ciency. Patients affected by this syndrome have an average of 
30–50% of testicular sperm recovery rate [44–48], however 
some authors report much higher figures (up to 72%) [49]. 
Hormone levels (FSH, Inhibin B), testis volume do not seem 
to predict for the presence or absence of spermatozoa in the 
testis. Among the predictive factors, younger age is consid-
ered a positive predictor since patients at younger age have a 
higher incidence of testicular sperm recovery. Westlander 
et al. [46] reported successful sperm recovery in 5/11 patients 
<34 years, whereas 0/7 patients >34 years old. Rarely, sper-
matozoa can be found in the ejaculate of mosaic patients or 
in nonmosaic but young patients [48]. The former indicates 
the potential importance of an early diagnosis. Although 
men at their early twenties may not desire immediate con-
ception, a preventive sperm cryopreservation of ejaculated 
spermatozoa should be a correct way to preserve their fertil-
ity. Azoospermic patients affected by Klinefelter syndrome 
may generate their own genetic children by undergoing to 
TESE followed by ICSI.

 Genetic Counseling

On the basis of sperm FISH studies showing an increased fre-
quency of sex chromosomal abnormalities and increased 
incidence of autosomal aneuploidies (disomy for chromo-
somes 13, 18 and 21), concerns have been raised about the 
chromosomal normality of the embryos generated through 
ICSI [39]. To date, 49 healthy children have been born using 
ICSI without PGD and the conception of one 47,XXY fetus 
has been reported [50, 51]. However, a study based on ICSI 
combined with PGD on 113 embryos shows that there is a 
significant fall in the rate of normal embryos for couples with 
Klinefelter sdr. in respect to controls (54% versus 77.2%). 
Because of the significant increase of sex chromosomal and 
autosomal abnormalities in the embryos of Klinefelter patients, 
PGD should be strongly advised [50].
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27.4.1.2  Autosomal Abnormalities

The most frequently found autosomal karyotype abnormali-
ties are Robertsonian translocations, reciprocal translocations, 
paracentric inversions and marker chromosomes. In 60% of all 
cases of Robertsonian translocations, a (13;14)-translocation 
is found. This abnormality is rarely observed in azoospermic 
men but is often found in oligospermic patients (about nine 
times higher in infertile men than in newborns). However, 
since Robertsonian translocations have been found also in nor-
mospermic fertile males in the same pedigree [52], the contri-
bution of this chromosomal defect to disturbed spermatogenesis 
remains to be clarified. Pericentric inversions are 13 times 
higher in infertile men, and probably interfere with meiosis, 
leading to a reduced rate of postmeiotic sperm development.

 Genetic Counseling

The importance of the detection of these structural chromo-
somal anomalies is related to the increased risk of aneuploidy 
or unbalanced chromosomal complements in the fetus. 
Similarly, for Klinefelter syndrome, sperm FISH analysis 
and/or PGD should be performed to give a more accurate 
risk estimation of affected offspring.

27.4.1.3  Other Chromosomal Abnormalities

47,XYY male: The frequency of males with this karyotype is 
1:750. Carriers of this abnormality show a great diversity in 
the degree of spermatogenic impairment, ranging from 
severe oligozoospermia to apparent normality [53]. Distortion 
of sex vescicule formation is probably the major cause of 
disturbed spermatogenesis in these men [54].

XX-male: This is a disorder of sex determination and 
occurs in about 1:20,000 newborns. In about 80% of cases, 
XX-maleness can be explained by the translocation of the 
SRY gene (encoding the testis determining factor, [55]) to 
the X chromosome. The cause of SRY-negative XX-maleness 
remains to be elucidated [56, 57]. The phenotypic features of 
the syndrome are gynecomastia, female hair pattern and 
small testes with azoospermia. Genital malformations such 
as hypospadias are rare. In SRY-negative patients, ambigu-
ous genitalia is a frequent finding [58].

Aneuploidies of autosomes: Most numerical aneuploidies 
of autosomes are lethal. Patients affected by Down’s syn-
drome may be fertile or infertile [59].

27.4.1.4  Y Chromosome Deletions

The first association between azoospermia and microscopically 
detectable deletions of the long arm of the Y chromosome has 

been demonstrated by Tiepolo and Zuffardi in 1976 [60]. 
Since in four patients the deletion was de novo (their fathers 
were tested and found to carry intact Y chromosome), they 
proposed the existence of a spermatogenesis factor, the 
AZoospermia factor (AZF) encoded by a gene on distal Yq. 
Thanks to the development of molecular genetic tools and 
large STS based screening in patients affected by azoo/severe 
oligozoospermia, Vogt et al. [61] were able to define three 
recurrently deleted nonoverlapping subregions in proximal, 
middle and distal Yq11, designated AZFa, AZFb and AZFc, 
respectively. Only several years after the discovery of the 
three AZF regions, with the precise knowledge of the Y 
structure in Yq11, it has become evident that the AZFb and 
AZFc regions are overlapping [62]. New deletion patterns in 
the AZFb/AZFc regions have been proposed; however, since 
data in the literature are based on markers, which are unable 
to distinguish between these subtypes, it is more convenient 
to refer to the three “classical” deletion intervals (Fig. 27.1). 
Deletions that are clinically relevant remove partially or in 
the large majority of cases completely one or more AZF 
regions, and they represent the most frequent molecular 
genetic cause of oligo/azoospermia [63]. The complete 
removal of the AZFa and AZFb regions are associated with 
severe testicular phenotype, Sertoli Cell Only sdr and sper-
matogenic arrest, respectively. The complete removal of the 
AZFc region causes a variable phenotype which may range 
from azoospermia to oligozoospermia. The above reported 
genotype/phenotype correlation confers to Y deletion anal-
ysis a prognostic value for testicular sperm retrieval [64, 
65]. In each region a number of candidate genes have been 
identified (see Fig. 27.1), however their function in sper-
matogenesis remains largely unknown [66]. Since deletions 
occur in block-removing more than one gene- the role of a 
single AZF gene cannot be extrapolated from the AZF dele-
tion phenotype and thus it is unclear if they are all partici-
pating in spermatogenesis. The deletion phenotypes suggest 
that the AZFa and AZFb regions contain at least one gene 
with essential spermatogenic function, whereas genes of 
the AZFc region are more likely to affect the efficiency of 
spermatogenesis.

To date only three confirmed gene specific deletions have 
been reported in the literature and were all in the same gene, 
USP9Y, which is located in the AZFa region [67, 68]. 
Besides USP9Y, the AZFa region contains another gene, 
DDX3Y (former DBY). The associated oligozoospermia in 
our two recently reported cases of USP9Y deletions [68] 
indicates that this gene is not essential for the initiation and 
completion of spermatogenesis, and it probably has a role 
only in enhancing the quality and efficiency of spermato-
genesis. On the other hand, since the removal of both AZFa 
genes is associated with the complete absence of spermato-
genic cells in the testis, a crucial role for DDX3Y gene can 
be predicted [111].
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The rarity of single AZF gene mutations or deletions is in 
sharp contrast with the relatively high frequency of AZF 
deletions. A likely explanation is that the peculiar structure 
and the sequence organization of the Y chromosome make 
prone this chromosome to the loss of large regions such as 
the AZF regions [66].

The clinical significance of Yq deletions have been 
debated for long time mainly because of the large variability 
in deletion frequencies reported by different authors and 
because Yq deletions have also been reported in “fertile” 
men. The absence of AZF deletions in over 1,000 normosper-
mic men clearly indicate that AZF deletions are specific for 
spermatogenic disturbances [63, 69]. After more than 10 
years of clinical research, it can now be concluded that (1)Y 
deletions have been found almost exclusively in patients with 
<1 millions spermatozoa/ml (even in association with other 
abnormal andrological findings); (2) deletions are extremely 
rare with a sperm concentration >5 millions of spermatozoa/
ml (approximately 0.7%), and in certain cases, deletions 
removed only single STSs that, without further confirmation 
by other techniques, such as Southern blotting or breakpoint 
definition, are of dubious significance; (3) the most fre-
quently deleted region is AZFc (approximately 65–70%), 

followed by deletions of the AZFb and AZFb+c or AZFa+b+c 
regions (25–30%), whereas deletions of the AZFa region are 
extremely rare (5%).

27.4.1.5  Genetic Testing and Counseling

The screening for AZF deletions has a diagnostic, prognostic 
and preventive value. Thanks to the EAA guidelines [70] and 
EAA/EMQN external quality control programme (http://
www.emqn.org/emqn/) Yq testing has become more homo-
geneous and reliable in different routine genetic laboratories. 
Indications for AZF deletions screening are based on sperm 
count and include azoospermia and severe oligozoospermia 
(<5 million spermatozoa/ml). The EAA guidelines provide a 
set of primers (two markers for each region) which is able to 
detect over 95% of clinically relevant deletions [70]. The ini-
tial large variability of deletion frequencies was more likely 
the consequence of technical problems and the use of unreli-
able markers rather than an expression of true ethnic differ-
ences. Although the composition of the study population is 
certainly the major factor influencing deletion frequency, the 
55% or 37% frequency rate in patients affected by SCOS or 

Fig. 27.1 Schematic representation of the Y chromosome with the indication of AZoospermia Factor (AZF) regions and genes located in these 
regions. The AZFc region is presented in more details: i) the position of  multicopy genes inside the AZFc amplicons; ii) the approximate extent 
of gr/gr deletion are shown 
*transcription unit families

http://www.emqn.org/emqn/
http://www.emqn.org/emqn/
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severe male factor infertility reported in the late 90th by one 
Italian group was clearly overestimation and not confirmed 
by later studies (for review see [71] and [63]). We studied 
four different populations (three of European and one of 
non-European origin) with a similar set of primers and using 
homogeneous criteria for the definition of “idiopathic” and 
“nonidiopathic” infertility [72–74]. The highest incidence of 
15% was found in idiopathic azoospermic men, whereas in 
the group of severe oligospermic patients, it dropped to 5–7% 
independently from the ethnic origin [75].

Concerning the prognostic value of this genetic test: given 
that a genotype phenotype correlation does exist for com-
plete AZFa and AZFb deletions and in these cases, the chance 
of testicular sperm retrieval is virtually zero, TESE should be 
avoided [64, 65].

As a preventive procedure, sperm cryoconservation may 
be advised to patients if sperm is found in the ejaculate [71]. 
The same “preventive” therapy can be proposed in the future 
to the son.

After conception, Y deletion is obligatory transmitted to the 
male offspring therefore genetic counseling is mandatory. The 
phenotype of son may vary substantially, and the extent of sper-
matogenic failure (still in the range of azoo/oligozoospermia) 
cannot be predicted entirely because of different genetic back-
ground and the presence or absence of environmental factors 
with potential toxicity to reproductive function.

We, and others, have reported that a significant proportion 
of spermatozoa from men with Y microdeletion are nulli-
somic for sex chromosomes [76, 77]. This result indicates a 
potential risk for the offspring to develop 45,X0 Turner’s 
syndrome and other phenotypic anomalies associated with 
sex chromosome mosaicism, including ambiguous genitalia. 
The screening for Y chromosome microdeletions in patients 
bearing a mosaic 46XY/45X0 karyotype with sexual ambi-
guity and/or Turner stigmata has shown a relatively high 
incidence of AZFc deletions (33%) [78]. Additional data 
support that Yq microdeletions could be associated with an 
overall Y chromosomal instability leading to the formation 
of 45,X0 cell lines [79, 80].

Despite this theoretical risk, the 36 babies (18 male and 
18 female) born from fathers affected by Yq microdele-
tions are phenotypically normal [63]. This could be due to 
the reduced implantation rate and a likely higher risk of 
spontaneous abortions of embryos bearing a 45,X0 karyo-
type. However, only PGD together with the abortion rate 
would provide a more accurate estimation about the real 
risks of 46, XY/45,X0 mosaicism and Turner syndrome.

PGD can be offered to the couple both for sex selection 
and for avoiding the transfer of 45,X0 embryos. The first 
indication may raise some ethical concerns since infertility 
may not be considered as a disease, whereas the second 
remains a theoretical indication in the absence of direct 
evidences.

27.5  Genetic Tests with Potential Clinical 
Interest

27.5.1  Screening for Steroid Receptor 
Mutations/Polymorphisms

The crucial role of androgens and estrogens in the endocrine 
regulation of spermatogenesis is well known, therefore genes 
of their receptors are a logical target for mutational analysis 
in infertile male.

However, in the clinical practice, the situation is rather 
different. To date, only one patient with an inactivating 
mutation in the ERa (ESR1) gene [81] and four patients 
with aromatase (CYP19) deficiency have been reported 
[82–85]. The phenotypes of these patients are rather het-
erogeneous ranging from normal sperm concentration, but 
reduced sperm viability in case of the ESR1 mutation to 
oligozoospermia and bilateral cryptorchidism in case of 
aromatase deficiency [83, 85]. Among ER polymorphisms, 
the most promising appear to be the (TA)n repeats in the 
promoter region of ESR1 [86], which seems to influence 
the efficiency of spermatogenesis. However, this poly-
morphism is not a risk factor for male infertility. Further 
data are needed on this and other ER polymorphisms, 
especially in relationship with environmental exposure to 
xenoestrogens [38, 39].

In contrast to ER, a large number of mutations have been 
identified in the AR gene worldwide and are available at AR 
gene mutation (web: http:/www.mcgill.ca/androgendb) [87]. 
The androgen receptor (AR) is a ligand activated transcription 
factor which is encoded by the AR gene located on the long 
arm of the X chromosome (Xq11-q12). A significant number 
of the reported mutations have been supported by functional 
assays to result in lower ligand binding or transactivation 
potential of the mutant receptor molecule. Mutations in the 
AR gene results in mild to complete androgen insensitivity 
[88]. The phenotypic features of complete androgen insensi-
tivity syndrome (CAIS) are female external genitalia and 
absence of pubic hair (Morris syndrome). In partial androgen 
insensitivity syndrome (PAIS), several different phenotypes 
are evident, ranging from predominantly female phenotype 
(female external genitalia, pubic hair with or without clitoro-
megaly and partially to completely fused labia) through 
ambiguous genitalia to predominantly male phenotype with 
micropenis, perineal hypospadias and cryptorchidism. The 
later phenotype is also termed as Reifenstein syndrome.

Patients with mild AIS (MAIS) have male infertility as 
their primary or even sole symptom.

Only a few mutations have been reported in infertile men 
[87, 89] and most of them resulted in the reduction of transac-
tivation potential of the mutant protein. In a recent screening 
of 1,517 azoo-oligozoospermic individuals, 26 patients 

http://www.mcgill.ca/androgendb
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carrying AR mutations (20 different mutations) (1.7%) were 
found, and none in the control group [89]. There has been no 
correlation between the type of mutation and the subtype of 
infertility (azoospermia, oligozoospermia or oligoteratozoo-
spermia) and not all carriers had high Androgen Sensitivity 
Index (ASI). Apart from the difficulty to preselect patients 
for the analysis, the need for routine testing in unselected 
infertile subjects is further questioned by other reports in 
which none or very few mutations were detected in large 
series of idiopathic infertile men [90, 91].

The analysis of polymorphic regions in exon 1 of AR has 
been object of a large quantity of publications [92–96]. The 
polymorphic (CAG)n codes for a polyglutamine, whereas 
the (GGC)n repeats for a polyglicin stretch. It has been dem-
onstrated for the (CAG)n repeats in in vitro experiments that 
the length of the polyglutamine tract, while remaining within 
the polymorphic range, is inversely correlated with the trans-
activation activity of the receptor [92] Concerning the (GGC)
n repeat, a recent report showed that ARs with other GGN 
repeat length than the most common one of 23 have lower 
transactivating capacity [97].

Despite promising in vitro data, the initial observations of 
a significant association between relatively long CAG repeats 
and impaired sperm production [93] has not been confirmed 
by subsequent studies ([95], for review see [96] and refer-
ences therein). Similarly, it is still under question whether 
(GGC)n repeat has a pathogenic role in abnormal spermato-
genesis [38]. Discrepancies in the literature maybe the con-
sequence of: (1) ethnic differences (the association seems to 
be more consistent in the Asiatic populations); (2) the het-
erogeneity of the control (unselected men or proven fertile 
men or normospermic men) and of the infertile (different 
inclusion criteria) groups; (3) inadequate sample size (espe-
cially in the first positive studies).

In conclusion, neither mutation screening of the AR or 
ER nor analysis of microsatellites (CAG, GGC or TA) in 
both genes can be proposed as routine diagnostic tests in 
patients with abnormal spermatogenesis. Mutations of AR 
are rare in association with idiopathic male infertility and 
many of the mutations described in infertile men still needs 
to be characterized for their functional consequences. 
Consequently, the mutation screening should be limited to 
infertile patients with altered ASI and/or hypoandrogeniza-
tion. Concerning the CAG repeat length, this polymorphism 
is an unlikely risk factor for male infertility if we consider 
only large studies. However, the role of CAG repeat length in 
modulating androgen action is more evident in patients 
affected by hypoandrogenism (for example subjects affected 
by Klinefelter syndrome) and its analysis could be useful for 
the definition of thresholds at which testosterone treatment 
should be initiated, and to personalize the dosage of substitu-
tive testosterone therapy [98]. Similarly, it can be expected 
that ESR polymorphisms are relevant only in association 

with certain conditions (overweight/obesity for instance) or 
in case of exposure to environmental endocrine disrupters.

27.5.2  Screening for gr/gr Deletions

Apart from the classical AZF deletions, a new type of Yq 
deletion has recently attracted the attention of geneticist and 
andrologist. A partial deletion in the AZFc region, termed 
“gr/gr,” has been described specifically in infertile men with 
varying degrees of spermatogenic failure [99]. This deletion 
removes half the AZFc gene content including two copies of 
the major AZFc candidate gene called DAZ [100]. In the last 
3 years an intensive search for “gr/gr” deletions in infertile 
and control men has started in order to define their frequency 
and clinical significance (for review see [38] and references 
therein). It is impossible to perform a reliable meta-analysis 
because of the extreme heterogeneity of the published data 
(methodological differences, different inclusion criteria of 
the controls, lack of ethnic matching of controls and patients). 
The currently used method for the detection of “gr/gr” dele-
tions is based on STS plus/minus PCR analysis. Importantly, 
this analysis may also detect false deletions because of rear-
rangements of the STS containing sequence and is also 
unable to rule out a duplication of the nondeleted part of the 
AZFc region. The majority of “gr/gr” studies lack a detailed 
molecular analysis, i.e., the reduced gene dosage is not con-
firmed, and the type of deleted gene copies is also unknown. 
These methodological differences together with the inappro-
priate control selection (general population or fertile controls 
with unknown sperm count) may contribute to the contradic-
tory results.

In studies with appropriate control selection and confir-
mation of deletions, gr/gr deletions are clearly a risk factor 
for spermatogenic disturbances [99, 101]. Although it is not 
understood why in certain individuals the deletion does not 
affect spermatogenesis, it is likely that Y background plays 
an important modulating role. In fact, certain Y hgrs contains 
constitutively gr/gr deletions and are diffused in certain pop-
ulations indicating that other compensatory mechanisms 
may exist on certain Y backgrounds [102].

27.5.2.1  Genetic Counseling

Given that fathers bearing gr/gr deletion will obligatory trans-
mit this genetic variant (together with their Y background) to 
the male offspring, it is likely that their sons will have a similar 
spermatogenic disturbance in the future. gr/gr deletions are 
more likely to cause oligozoospermia than azoospermia, and 
in our central Italian population (>1,000 subjects tested), the 
calculated OR is 7.5 (95% CI: 1.2–32.2). Thus, gr/gr deletion 
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screening should be introduced among genetic diagnostic 
tests, especially prior assisted reproductive techniques.

27.6  Conclusions

Patients with severe male factor are more likely to be carriers 
of chromosomal abnormalities both in their sperm and in 
their lymphocytes. Although, the overall frequency of 
de novo autosomal karyotype abnormalities does not seem to 
be increased in ICSI offspring, there is a significant higher 
incidence of sex chromosome aneuploidies and of minor 
malformations (mainly urogenital tract) in offspring from 
fathers affected by severe male factor infertility [103, 104]. 
The use of male gametes in ICSI or IVF without knowing the 
genetic basis of testicular failure and of its consequence is an 
urgent issue to be solved. Although, the estimated number of 
genes involved in human spermatogenesis ranges between 
1,000 and over 4,000, according to different authors [105, 
106], the genetic basis of primitive testicular failure remains 
obscure in the majority of cases [107].

Several strategies can be applied in order to identify new 
genetic causes of impaired sperm production and/or function. 

The most commonly used in human genetics is linkage analy-
sis, however, its role in this specific field is limited by the small 
family sizes in inherited forms of the disease. Another widely 
successful strategy in complex disorders, such as male infertil-
ity, is the candidate gene approach. Candidate genes can be 
identified: (1) through comparative analysis of genes in sev-
eral model organisms (cross species approach) which can 
identify highly conserved genes that share similar spatiotem-
poral expression profiles and serves analogous roles [108]; (2) 
gene knock outs in model organisms. Unfortunately, the search 
for candidate gene mutations in unselected infertile men did 
not lead to any major advancement. For a higher efficiency, 
mutation screening in human should be based on a deep 
knowledge of biological function of candidate genes in order 
to preselect patients on the basis of the expected phenotype. 
Since “idiopathic” male infertility is expected to be a geneti-
cally heterogeneous disorder, the lack of preselection of 
patients may be partially responsible for the apparent paucity 
of monogenic disorders (causative mutations) in male infertil-
ity. An alternative option is genome wide association studies 
using high-throughput genotyping, which should lead to a 
relatively fast identification of infertility-associated diseases 
genes in humans. However, this strategy requires large sam-
ple’s size in order to achieve sufficient statistical power and to 

Fig. 27.2 Diagnostic flow chart for the genetic management of azoospermic patients
* the testing for this type of deletion should be restricted to those ethnic groups for which reliable large case-control studies are available with risk 
estimate■
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avoid population stratification or ethnic admixture in cases 
and controls. For a substantial advancement in this field, there 
is an urgent need for large multicenter/multiethnic studies. 
Finally, postgenomic approaches such as sperm mRNA profil-
ing [109] and proteomics [110] are promising and may poten-
tially lead to a more straight forwarded analysis of selected 
spermatogenesis genes in groups of patients with similar phe-
notypes and expression profiles.

In the meantime, until a radical change in the process of 
identification of new genetic factors is achieved, our clinical 
practice remains to be based on a few genetic tests such as 
karyotype analysis, Y chromosome microdeletions (gr/gr 
deletions), and mutation screening of a few selected genes 
according to the specific phenotype. Patients should undergo 
a complete analysis for relevant etiologies, as demonstrated 
in Figs. 27.2 and 27.3.
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Abstract Varicocele is the most common treatable issue in 
male factor infertility. Although varicocele is also detected 
in the general population, it is more prevalent in the infertile 
male, and treatment may be of benefit for some infertile 
couples. Corrective techniques that optimize testicular func-
tion and minimize potential morbidities are important. 
Future research endeavors should focus on elucidating the 
mechanism of varicocele effects on spermatogenesis to 
better identify men who will benefit from treatment and to 
refine treatment approaches.

Keywords Varicocele  •  Varicocelectomy  •  Infertility  • 
Hypogonadism  • Male

28.1  Introduction

28.1.1  Historical Perspective

Varicocele is an abnormal dilatation of the veins that com-
prise the pampiniform plexus. The first narrative of varico-
cele, and its oft-noted ipsilateral testicular atrophy, dates 
back to the second century ad, as described by the Roman 
writer Celsus: “the veins are swollen and twisted over 
the testicle, which becomes smaller than its fellow….” 
Despite this accurate physical description many centuries 
ago, the association between varicocele and male factor 
infertility went unmentioned until the turn of the nineteenth 
century, at which time Bennet demonstrated improvement in 
semen quality after correcting bilateral varicoceles in a 
patient [1].  Similarly,  three  decades  later,  Macomber  and 

Sanders described an infertile patient with oligospermia who 
became normospermic and fertile after undergoing varico-
cele repair [2]. Since that time, multiple studies of series of 
patients have documented an improvement in semen param-
eters and fertility status after varicocele repair [3–7].

28.1.2  Incidence

Varicoceles are found in up to 15% of the general population 
[8–10], in approximately one-third of men who present with 
primary infertility [4, 5], and in as many as 80% of those 
patients with secondary infertility [11, 12]. Although varico-
celes may be unilateral or bilateral, the vast majority are left-
sided. Isolated right varicoceles are rather uncommon and, if 
encountered, warrant further evaluation to eliminate the pos-
sibility of a causative retroperitoneal pathology.

28.2  Pathophysiology

Deficient or absent valves within the internal spermatic vein 
are likely an underlying issue contributing to the develop-
ment of varicocele. Valvular anomalies, together with the 
anatomy of the spermatic vein system, may explain the pre-
ponderance of left-sided varicoceles. As compared with the 
right internal spermatic vein, the left internal spermatic vein 
has a longer course and higher insertion. In addition, it emp-
ties into the left renal vein at an acute angle in contrast to the 
right side’s oblique insertion into the inferior vena cava.

A venographic study, published in 1994, of more than 650 
patients under evaluation for left varicocele demonstrated 
that 73% did not have internal spermatic vein valves [13]. 
This finding corroborates previous results of an autopsy 
series performed by Ahlberg et al., in which cadavers with 
varicoceles did not have valves within the left internal sper-
matic vein, whereas cadavers without varicoceles were noted 
to have multiple valves within the internal spermatic vein 
[14]. Deficient or absent valves coupled with a single long 
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vein would result in increased hydrostatic pressure transmitted 
along the spermatic vein to the pampiniform plexus of the 
testis, leading to venous dilatation and thus varicocele for-
mation. This hypothesis is supported by evidence indicating 
that men with varicocele have higher mean internal sper-
matic venous pressures when upright and during Valsalva 
maneuver than the same measures in a control group without 
varicocele [15].

28.2.1  Hypothesized Mechanisms  
of Varicocele-Induced Dysfunction

Several hypotheses have been proposed to explain the impact 
of varicocele on testicular function. The most widely propa-
gated of these relates to an alteration of the thermal environ-
ment within the testis. Optimal sperm production occurs at 
temperatures cooler than core body temperature and, under 
normal conditions, a countercurrent heat exchange mecha-
nism between the pampiniform plexus and testicular inflow 
supports this ideal environment [16]. Several studies indicate 
that this cooling mechanism is disturbed in patients with 
varicocele, leading to elevated scrotal and testicular tempera-
tures [17, 18]. Additional studies reflect a reduction in tes-
ticular temperature after varicocele repair [16, 19].

A second hypothesis is based on the idea that venous sta-
sis within the varicocele might create a relatively hypoxic 
milieu within the testis and/or dilution of intratesticular tes-
tosterone. However, via testicular venous blood sampling, 
neither the presence of testicular hypoxia nor lower internal 
spermatic vein testosterone concentrations has been demon-
strated in men with varicocele or in rodent models [20, 21].
Another theory suggests that renal and/or adrenal metab-

olites may reflux into the spermatic vein and these may, in 
turn, detrimentally affect spermatogenesis either by direct or 
indirect effects. Catecholamines and cortisol produced by 
the adrenal gland had been identified as potential deleterious 
substances [22]. This concept was not confirmed through 
further investigation, though; levels of catecholamines and 
cortisol obtained from the internal spermatic veins of patients 
with varicoceles and those without were not significantly 
different [23].

28.2.1.1  Clinical and Histologic Effects

Varicoceles are associated with lower sperm concentra-
tion,  reduced  motility,  and/or  abnormal  morphology  on 
semen analysis [1, 24–26] although not all patients with 
varicocele will exhibit changes in semen parameters. 
Larger varicoceles cause more severe impairment of testis 
function [27]. In addition, varicocele may induce a progressive, 

duration-dependent deleterious effect on spermatogenesis as 
demonstrated by the increased incidence of varicocele in 
men with secondary infertility [28, 29].

Recent prospective controlled studies point to greater lev-
els of sperm DNA damage as determined by higher DNA 
fragmentation indices in infertile men with varicocele. 
Elevated levels of oxidative stress were also evident in these 
patients [30, 31].
Many infertile patients with varicocele also display some 

degree of ipsilateral testicular atrophy on physical examina-
tion [32, 33]. Histologic changes noted in testis biopsy sam-
ples of subfertile patients with varicocele reveal a range of 
abnormalities: tubular thickening, interstitial fibrosis, 
decreased spermatogenesis, or maturation arrest [33–35].

28.3  Diagnosis

Clinically relevant varicocele should typically be detectable 
on physical examination. A thorough physical examination 
should be carried out in a warm room or with the aid of a 
heating pad in order to relax the scrotum; this allows for 
careful palpation of the spermatic cord and accurate identifi-
cation of varicocele. Scrotal examination is performed with 
the patient both standing and supine in order to fully assess 
varicocele size. Varicocele is most readily apparent when the 
patient stands and performs a Valsalva maneuver. If readily 
visible on initial inspection, the varicocele is considered a 
grade 3 (large) varicocele (Fig. 28.1) according to the origi-
nal classification system established by Dubin and Amelar 
[36].  If  the so-called “Bags of worms”  is palpable without 
Valsalva maneuver, the varicocele is classified as grade 2 
(moderate). Grade 1 (small) varicoceles are perceptible only 

Fig. 28.1 Obvious venous dilatation characteristic of a grade 3 (large) 
varicocele
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with Valsalva maneuver. Upon reclining to the supine 
position, a varicocele should decrease  in size.  If spermatic 
cord fullness persists in this position, the spermatic cord 
thickening is more likely due to cord lipoma or inguinal 
hernia. Measurement of testicular volume may be obtained 
via orchidometer or calipers in order to determine if atro-
phy is present.

Scrotal sonogram with Doppler flow (Fig. 28.2) may pro-
vide a useful adjunct to varicocele identification if physical 
examination is indeterminate or difficult due to a “tight” 
scrotum or the patient’s body habitus. Ultrasonographic 
detection of veins greater than 2.7–3 mm in diameter sug-
gests the presence of a clinically relevant varicocele. 
Ultrasound evaluation also helps identify presence of a sub-
clinical, or nonpalpable, varicocele on the contralateral side 
to a clinical varicocele [37].

Venography provides detailed information regarding sper-
matic venous anatomy, but is not indicated for routine diag-
nosis of varicocele given its invasive nature. It may be used 
as a therapeutic modality as discussed below.

28.4  Indications for Treatment

As previously stated, not all men with varicocele have clinical 
problems, so the determination of appropriate candidates for 
varicocele repair in the fertility setting is warranted (Fig. 28.3). 
Patients with palpable varicocele and abnormal semen param-
eters should be considered for repair, provided the female 
partner does not have mitigating factors that would require 
assisted reproductive techniques regardless of the male part-
ner’s semen parameters. In addition, the presence of a clini-
cally detectable varicocele with concomitant mild testis 
atrophy may be considered for repair, even with normal semen 
parameters, in an effort to preserve testicular function. 
Although most varicoceles do not cause pain, the presence 
of pain alone may be an indication for varicocele repair.  

Other causes of testicular pain should be carefully consi-
dered before surgical treatment of scrotal pain.

Varicocele size is a key variable associated with extent of 
improvement in semen parameters after repair [27, 28]. 
However, there is controversy regarding the clinical utility of 
correcting nonpalpable, ultrasound-detected varicoceles 
[38]. Recent research efforts have aimed to define criteria by 
which one may determine whether to repair subclinical vari-
cocele. Consideration of varicocele repair for subclinical 
varicocele greater than 2.7–3 mm with reversal of flow on 
color Doppler ultrasound is reasonable [38, 39].

28.5  Modalities of Treatment

A number of different techniques exist to correct varico-
cele, each with the goal of preventing reflux of blood into 
the aberrant dilated veins of the pampiniform plexus. 

Fig. 28.2 Sonographic representation of dilated pampiniform plexus during Valsalva maneuver
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Fig. 28.3 Treatment algorithm for varicocele repair



448 C. Tanrikut and P.N. Schlegel

With any approach, one should make an effort to spare the 
artery in order to optimally preserve testicular function [40]. 
No identifiable differences in fertility outcomes have yet 
been identified with any of the various approaches [41, 42].

28.5.1  Surgery

28.5.1.1  Retroperitoneal

Palomo first described retroperitoneal ligation of the internal 
spermatic vein in 1949 [43]. A transverse incision is made 
medial to the anterior superior iliac spine over the level of the 
internal inguinal ring. The underlying fascia and muscle 
fibers are split, and the peritoneum is bluntly retracted medi-
ally to expose the internal spermatic vein that is ligated and 
divided.

At this level, the vein is usually a single vessel and can 
readily be ligated to prevent reflux into the aberrant veins, 
contributing to varicocele [6]. However, repair via this tech-
nique does not lend itself to assessment and ligation of cre-
masteric veins, which may potentially contribute to varicocele 
recurrence [44] and may inadvertently ligate testicular lym-
phatics and arteries (leading to hydrocele or testicular 
atrophy).

28.5.1.2  Laparoscopic

Laparoscopic  varicocelectomy  is  achieved  via  transperito-
neal access to the internal inguinal ring. Similar to the 
retroperitoneal approach, the spermatic vein is ligated high, 
superior to the internal inguinal ring. Postoperative hydro-
cele development may be as high as 30% [45] with this type 
of repair. In addition, laparoscopic repair carries with it the 
potential for serious morbidity because of its transperitoneal 
approach.

28.5.1.3  Inguinal

An inguinal approach to varicocele repair was first described 
by Ivanissevich in 1960 [46]. An incision is made overlying 
the inguinal canal. The external oblique aponeurosis is 
incised to expose the spermatic cord, taking care to preserve 
the ilioinguinal nerve. Spermatic veins within the cord are 
ligated and divided.
Modifications  to  the  original  procedure  may  provide 

assistance: (1) Doppler ultrasound can be used to help iden-
tify the testicular artery and (2) Optical loupe magnification 
or an operating microscope can be used. This procedure not 
only allows for spermatic vein ligation close to the internal 

inguinal ring where fewer branches are likely, but also pro-
vides access to cremasteric vessels that may contribute to 
varicocele.

28.5.1.4  Microsurgical Approach

The modified inguinal technique may be further enhanced 
with use of an operating microscope. The added benefit of 
8–15 times magnification [47, 48] allows for easier identifi-
cation and preservation of the testicular arteries, sparing of 
lymphatic drainage of the scrotum, and recognition and liga-
tion of all internal and external spermatic veins in order to 
achieve a complete repair with minimal morbidity [49].

The subinguinal approach is similar to the inguinal tech-
nique; however, after making a small incision overlying the 
external inguinal ring, the spermatic cord is mobilized without 
opening the external oblique aponeurosis. Due to the small 
incision and lack of muscle-splitting, the subinguinal tech-
nique may be less morbid and better-tolerated by patients [50].

28.5.2  Percutaneous Embolization

The only nonsurgical option for varicocele repair is a percu-
taneous transvenous approach with real-time fluoroscopy 
[51]. Access to the internal spermatic vein is achieved by a 
catheter placed in the right femoral vein via the standard 
Seldinger technique. Under fluoroscopic guidance, the cath-
eter is manipulated into the internal spermatic vein associ-
ated with the varicocele. Occlusion of the aberrant veins may 
be accomplished with coils, fibrin glue, deployable balloons 
[52], or sclerosing agents [53]. Adequate venous occlusion is 
confirmed via repeat venography. In patients with anomalous 
venous anatomy, transvenous access may be complicated or 
impossible such that failure to correct varicocele at the time 
of procedure is approximately 27% [54].  In  those  who 
achieve correction at the time of procedure recurrence rates 
range from 11 to 16% [55, 56]. For these reasons, percutane-
ous embolization is often used as a second-line intervention 
for those patients who recur after surgical repair or have had 
extensive prior inguinal surgery.

28.5.3  Complications

Known risks of varicocele repair include hydrocele forma-
tion, recurrence of varicocele, and testicular atrophy. 
Postoperative hydrocele development secondary to ligation 
of scrotal lymphatic drainage may occur after any of the 
surgical interventions. Hydrocele almost never occurs after 
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percutaneous embolization as the lymphatic vessels are unaf-
fected in this transvenous approach.

Varicocele may recur if adequate ligation or occlusion of 
spermatic veins has not been accomplished. The microsurgi-
cal approach has by far the lowest recurrence rate (<1%) 
credited to the advantage magnification affords [47, 49]. As 
long as the testicular artery and vasal venous outflow are pre-
served, testicular atrophy should not occur.

28.6  Outcomes of Varicocele Repair

From a fertility perspective, the goal of repair should be to 
improve semen parameters and pregnancy rates in couples with 
male-factor infertility associated with varicocele. A significant 
improvement of semen parameters is seen after varicocele repair 
in most men [57, 58]. When a small varicocele is found in con-
junction with a larger contralateral varicocele, bilateral repair 
results in greater improvement of semen parameters as compared 
with unilateral repair of the larger varicocele alone [59, 60].

Pregnancy outcomes are a bit more difficult to assess due 
to small studies, lack of a control arm in most studies, and 
mixed cohorts of male partners with palpable or nonpalpable 
varicoceles. These confounding factors make it difficult to 
compose a definitive statement with respect to fertility as an 
outcome measure; reported pregnancy rates after varicocele 
repair range from 20 to 69%. A recent meta-analysis, includ-
ing studies of men with palpable varicoceles and abnormal 
semen parameters who underwent surgical repair, reported 
on rates of “natural” pregnancy [7]. The results indicate that 
spontaneous pregnancy rates after varicocelectomy are sig-
nificantly better than for men who were managed conserva-
tively, with an odds ratio of 2.63 (95% confidence interval 
1.60–4.33, fixed effects model).
In  azoospermic or  severely oligospermic men with pal-

pable varicocele, varicocelectomy has been performed in an 
effort  to improve semen quality. In those men with nonob-
structive azoospermia and varicocele, 22–58% had sperm 
reported on postvaricocelectomy semen analysis [61–64]. It 
is not clear if histologic diagnosis of testis biopsy samples at 
the time of varicocelectomy predicts return of sperm to the 
ejaculate [62, 64]. Although spontaneous pregnancies have 
been reported in previously oligospermic patients [61, 63], 
men with nonobstructive azoospermia only occasionally 
have adequate sperm in the ejaculate after varicocele repair 
to  avoid  testicular  sperm  extraction.  In  addition,  previous 
varicocelectomy does not appear to enhance sperm retrieval 
rates at the time of testicular sperm extraction [63, 65]. 
Although varicocele repair in the man with nonobstructive 
azoospermia may optimize testicular function, it is relatively 
unlikely to avoid the need for testicular sperm extraction.

As noted before, varicocele may be associated with 
abnormal DNA integrity. Preliminary data suggest the potential 

of varicocelectomy to improve DNA integrity [65, 66]. Given 
the measurable effect of DNA fragmentation (abnormal 
DNA  integrity)  on  fertility  outcomes  –  including  IVF  and 
ICSI results – varicocele repair may be considered even for 
couples  who  undergo  IVF-ICSI.  Undoubtedly,  additional 
larger-scale studies are indicated to further clarify this aspect 
of varicocele research.

28.7  Conclusions

Varicocele is a significant correctable condition for many 
infertile couples who have male factor infertility. A thorough 
examination to adequately assess for varicocele and meticu-
lous surgical technique for correction of varicocele lead to 
improved semen parameters and fertility outcomes in com-
parison with nonoperative management. Additional studies 
are needed to further evaluate the mechanism(s) by which a 
varicocele adversely affects fertility.
In  summary,  a  varicocele  is  a  risk  factor  for  impaired 

spermatogenesis and male-factor infertility. Larger (palpable) 
varicoceles are more likely to be clinically significant, and 
abnormal semen parameters with a palpable varicocele is an 
indication  for  varicocele  repair. Microsurgical  varicocelec-
tomy has the least morbidity and lowest recurrence rate of 
any of the repair options. Varicocele repair has been shown 
to effect an improvement in semen parameters, pregnancy 
outcomes, and possibly DNA integrity.

28.8  Summary: Evidence-Based Guidelines

Varicocele is a risk factor for impaired spermatogenesis • 
and male-factor infertility
Larger (palpable) varicoceles are more likely to be clini-• 
cally significant
Abnormal semen parameters in the setting of palpable • 
varicocele is an indication for varicocele repair
Microsurgical  varicocelectomy  has  the  least  morbidity • 
and lowest recurrence rate of any of the repair options
Varicocele repair has been shown to effect an improve-• 
ment in semen parameters, pregnancy outcomes, and pos-
sibly DNA integrity
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Abstract Sperm retrieval procedures are integral to the care 
of men with obstructive and nonobstructive azoospermia. 
In men with obstruction, depending on the condition, sperm 
may be retrieved from the vas deferens, epididymis, or testis. 
In men with nonobstructive azoospermia, the testis is the 
only reliable source of sperm for ICSI. The various sperm 
retrieval techniques and reported success rates are reviewed 
in this chapter. In addition, an evidence-based review of the 
differences in ICSI outcomes among the different sperm 
sources is presented. Finally, important details regarding 
the timing of sperm and oocyte retrieval, sperm cryopreser-
vation, and the efficient use of laboratory staff effort are 
discussed.

Keywords Azoospermia • ICSI • Testis • Epididymis • Vas 
deferens • Sperm • Vasectomy • Obstruction • Sperm aspira-
tion • Microsurgery • Mapping

29.1  Introduction

Sperm retrieval techniques are procedures designed to col-
lect sperm from organs within the male genital tract. First 
developed in 1985 [1], 10 years before the description of 
intracytoplasmic sperm injection (ICSI), sperm retrieval 
combined with in vitro fertilization (IVF) and ICSI have 
become invaluable techniques to allow infertile men without 
ejaculated sperm the opportunity for biological fatherhood. 
These procedures are largely performed in anejaculatory or 
azoospermic men who are either unable to produce an ejacu-
late or produce an ejaculate without sperm, respectively. 
Sperm retrieval techniques are based on acquiring sperm 
from the reproductive tract, including the vas deferens, 
epididymis, and testicle (Fig. 29.1). They are indicated for 
men in whom the transport of sperm is not possible because 

the ductal system that normally carries sperm to the ejaculate 
is either absent or unreconstructable, or if sperm production 
is low, as in nonobstructive azoospermia. An evidence-based 
discussion of these techniques is presented in this chapter.

Several evidence-based principles can be used to guide 
clinical care in sperm retrieval cases:

 1. A recent Cochrane meta-analysis has determined that 
there is insufficient data from randomized trials to recom-
mend any particular surgical sperm retrieval technique for 
either obstructive or nonobstructive azoospermia [2]. 
Indeed, many different approaches are taken for sperm 
retrieval.

 2. Although it is not difficult to retrieve sperm from azoo-
spermic men with obstruction, it can be very difficult to 
find sperm in men with testicular failure and nonobstruc-
tive azoospermia.

 3. Since assisted reproduction (IVF-ICSI) does not have a 
100% success rate, it behooves reproductive urologists to 
develop and use sperm retrieval techniques that are not 
only reliable and of low morbidity, but that also have the 
potential to harvest sufficient sperm to enable multiple 
IVF-ICSI attempts without repeat surgery [3].

It is also important to realize that sperm retrieved from the 
male reproductive tract requires assisted reproductive tech-
nologies for success. Indeed, sperm retrieval is intimately 
tied to the complementary procedures on the female partner 
that are listed in Table 29.1.

29.1.1  Vasal Sperm Aspiration

Patients with congenital or acquired obstruction of the 
excurrent ductal system at the level of the prostate, or abdom-
inal or pelvic portions of the vas deferens are candidates for 
this technique. Men with ejaculatory failure due to diabetes 
or spinal cord injury are also candidates for this approach to 
sperm retrieval. Obstruction can result from abdominal or 
pelvic trauma, surgery such as a vasectomy or, occasionally, 
severe infections that obliterate the vas deferens lumen. 
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A prerequisite for successful vasal sperm aspiration is the 
presence of normal sperm production. This is evaluated indi-
rectly with the findings of (a) normal testis volume and (b) 
normal serum follicle-stimulating hormone (FSH) and tes-
tosterone levels. The most direct way to verify normal sperm 
production is with a diagnostic testis biopsy.

Vasal aspiration is performed either coincident with the 
day of the wife’s ovulation or in advance of ovulation and 
frozen and thawed for use. It involves a brief, same-day pro-
cedure under local anesthesia, often accompanied by intrave-
nous sedation, and performed in the manner of a no-scalpel 
vasectomy. Through a scrotal puncture the vas deferens is 
identified. Using either a microscope in the operating room 
or loupe magnification, a small incision or a puncture is made 
in the delicate muscular wall of the vas deferens until the 
lumen is entered (Fig. 29.2). Fine-tipped (24 gauge) 1 mL 
syringes charged with 0.1 mL of Earles (or other) culture 

medium are used to aspirate the clear fluid leaking from the 
vas. More fluid can be expressed from the vas deferens with 
gentle massaging of the testis vas deferens. After sufficient 
sperm are obtained (>10–20 million), the wall of the vas def-
erens is closed with microscopic sutures if a hemivasotomy 
is performed (Fig. 29.3). No closure is needed for a puncture 
vasotomy. The recovery period is about 24 h. Complications 
of the procedure include low risks of bleeding (1%) and 
infection (1%) that accompany scrotal surgery in general, 
and the potential that a scar will form in the lumen vas defer-
ens and occlude it (5%).

Among the three sources of retrieved sperm, vasal sperm 
is the most “mature” or fertilizable sperm, as this sperm has 
already passed through the epididymis, where sperm matura-
tion occurs. Although most commonly used in conjunction 
with IVF-ICSI, the maturity of this sperm is reflected by the 
fact that pregnancies have been achieved with vasal sperm 

Fig. 29.1 Sperm retrieval techniques involve finding sperm in three 
reproductive tract organs: the vas deferens, epididymis, and testicle. 
Seminal vesicle sperm aspiration is also possible but not widely used. 
MVSA microscopic vasal sperm aspiration, PVSA percutaneous vasal 

sperm aspiration, MESA microscopic epididymal sperm aspiration, 
PESA percutaneous epididymal sperm aspiration, TESA testicular 
sperm aspiration, TESE testis sperm extraction by biopsy, 
Microdissection TESE microscopic testis sperm extraction by biopsy

Table 29.1 Levels of assisted reproduction required for sperm retrieval

Procedure Source organ IUI IVF ICSI

Vasal aspiration (MVSA, PVSA) Vas deferens Yes Yes Maybe
Epididymal aspiration (MESA, PESA) Epididymis Maybe Yes Yes
Testis (TESA, TESE, MicroTESE) Testicle No Yes Yes
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and intrauterine insemination (IUI) [4, 5] and IVF [6] as 
well. Excellent sperm motility can be expected, depending 
on the condition for which vasal aspiration is performed. In 
our study of vasal aspiration in fertile men undergoing vasec-
tomy, a mean sperm motility of 71% was observed 
(Table 29.2) [7]. Two pronuclear fertilization rates equiva-
lent to that obtained with ejaculated sperm can be expected 
with aspirated vasal sperm.

29.1.2  Epididymal Sperm Aspiration

Epididymal sperm aspiration is performed when the vas is 
either absent such as with congenital absence of the vas def-
erens (CAVD) or is scarred from prior surgery, trauma, or 
infection. It is also performed in cases of anejaculation due 
to diabetes or spinal cord injury. Epididymal sperm aspira-
tion is performed in a manner similar to vasal sperm aspira-
tion and can also be undertaken either coincident with the 
wife's ovulation for IVF or in advance of IVF and frozen and 
thawed for use. These techniques are also useful for intraop-
erative sperm retrieval during microsurgical reconstructive 
procedures such as epididymovasostomy after vasectomy. 
Similar to vasal sperm aspiration, epididymal sperm retrieval 
is most successful when sperm production in the testis is nor-
mal. Although originally described as a procedure done 
under general anesthesia, it is now most commonly per-
formed under local anesthesia with or without intravenous 
sedation [8]. The recovery period after this same day proce-
dure is also about 24 h.

Two different approaches to epididymal sperm aspiration 
are commonly taken: microscopic epididymal sperm aspira-
tion (MESA) in which the epididymis is explored micro-
surgically and sperm aspirated from individual epididymal 
tubules, or percutaneous epididymal sperm aspiration (PESA) 
in which sperm are aspirated blindly from the epididymis 
without an incision. The differences between the two techni-
ques are outlined in Table 29.3. The most important differ-
ence between these techniques is that individual epididymal 
tubules are sampled for sperm with MESA, but multiple 

Fig. 29.2 Two approaches to vasal sperm aspiration. The vas defer-
ens is delivered with a no-scalpel approach. Vasal sperm is aspirated 
by either a small incision in the vas deferens wall that is closed 

microscopically (hemivasotomy, left panel) or through a small punc-
ture (27–30 gauge) into the lumen (puncture vasotomy, right panel)

Fig. 29.3 Closure of formal hemivasotomy. The incision in the vas 
deferens lumen is closed microsurgically in two layers. The inner layer 
is complete with three suture knots visible and the outer layer has been 
started with the needle perforating the serosal layer of the vas on each 
side of the incision
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epididymal tubules are sampled blindly with PESA 
(Fig. 29.4). This fact underlies important differences in 
epididymal sperm quality that can affect the overall yield and 

bankability of sperm, and thus the need to repeat the proce-
dure because of poor sperm quality.

With the MESA technique, sperm are directly collected 
from a single, isolated epididymal tubule in much the same 
manner as the vasal procedure (Fig. 29.5). Depending on the 
length of the epididymis available for aspiration, multiple, 
separate aspiration sites can be made progressing from the 
corpus to the cauda epididymis to find sperm with motility. 
When 10–20 million sperm are obtained, the epididymal 
tubule is closed with microscopic suture, and the sperm are 
processed for assisted reproduction.

Epididymal sperm are not as “mature” as vasal sperm that 
have traversed the entire length of the epididymis. As a con-
sequence, epididymal sperm usually require IVF-ICSI for 
pregnancy success (Table 29.1). However, the development 
of epididymal sperm retrieval techniques preceded ICSI by 
10 years [1] and pregnancies with epididymal sperm are pos-
sible with IVF alone [1] and have also been reported with 
IUI [9, 10]. Excellent oocyte fertilization and pregnancy 
rates have been reported using IVF-ICSI with epididymal 
sperm (Table 29.4). Of course, these results may vary widely 
by institution and among individuals. It is generally believed 
that fertilization and pregnancy rates with epididymal sperm 
are no different than vasal sperm with IVF-ICSI, although no 
randomized trials support this statement.

29.1.3  Testicular Sperm Aspiration 
 and Extraction

The newest of the three sperm aspiration techniques, testicu-
lar sperm retrieval, was first reported in 1993, 1 year after 
ICSI [11]. It is a breakthrough in the sense that it demon-
strates that sperm do not have to “mature” and pass through 
the epididymis to be able to fertilize an egg. Because of their 
immaturity, however, testicular sperm require IVF-ICSI for 
success (Table 29.1).

Testicular sperm extraction is indicated for “obstructed” 
patients in whom sperm production is normal and there is a 
blockage in the epididymis (either from prior surgery, infec-
tion or due to congenital absence), or a blockage within the 
ducts that conduct sperm out of the testicle (efferent ductules). 

Table 29.3 Comparison of two epididymal sperm retrieval 
techniques [3]

Parameter MESA PESA

Anesthesia Local 
anesthesia ± sedation

Local anesthesia

Operating 
microscope

Needed Not needed

Successful retrieval 90–95% 67–90%
Sperm banked Excellent Good
Days to work 2 1–2
Patient satisfaction High High
Complications <1% <1%
Need to repeat for 

more sperm
Low Moderate

Cost More Less

Fig. 29.4 Essential difference between MESA and PESA techniques. 
Physiologically, not all epididymal tubules will contain sperm with 
similar motility. Values represent the percent sperm motility within an 
individual epididymal tubule. With MESA, individual epididymal 
tubules are sampled, which allows for the capture of sperm with maxi-
mum motility for use or thaw. With PESA, multiple epididymal tubules 
are sampled simultaneously which results in an aspirated sperm speci-
men with an average motility that is generally lower than with MESA, 
as the sampling is blind and less selective. This difference can translate 
into lower quality sperm for banking and increase the need for repeat 
surgical procedures

Table 29.2 Motility and viability of aspirated sperm from the vas deferens, epididymis and testis [7]

Aspirated sperm

Motility (%) Vital stain (% viable) HOS (% viable)

Fresh Thawed Fresh Thawed Fresh Thawed

Testis (n = 5, NOA) 5 ± 3.6 0.2 ± 1 86 ± 5 46 ± 12 60 ± 12 31 ± 6
Epididymis (n = 8, obstructive) 22 ± 18 7 ± 0.7 57 ± 20 24 ± 13 40 ± 14 17 ± 10
Vas deferens (n = 5, fertile) 71 ± 16 38 ± 13 91 ± 6 51 ± 11 80 ± 11 39 ± 15
Note: Values are mean ± standard deviation; HOS hypo-osmotic swelling assay, NOA nonobstructive azoospermia
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It is also useful for men in whom sperm production is severely 
compromised within the testis, such that so few sperm are 
produced that they cannot reach the ejaculate through the 
excurrent ducts (“nonobstructive azoospermia”). Men with 
nonobstructive azoospermia generally have testis atrophy, an 
elevated FSH and no sperm on centrifuged pellet analysis of 
the ejaculate. The definitive diagnosis of nonobstructive 
azoospermia requires that the testis biopsy show abnormal or 
absent spermatogenesis. The etiology of this condition varies 
widely and it occurs in about 1–5% of all infertile men. 
Conditions that can result in nonobstructive azoospermia are 
listed in Table 29.5.

29.1.3.1  Testis Sperm Retrieval with Obstructive 
Azoospermia

Patients with congenital or acquired obstruction of the 
excurrent ductal system at the level of the epididymis or vas 

deferens are candidates for this technique. Men with ejacu-
latory failure due to diabetes, spinal cord injury, other neu-
rologic diseases, or performance anxiety are also candidates 
for this approach to sperm retrieval. By definition, obstruc-
tive azoospermia implies normal sperm production, as sug-
gested by hormonal or testis biopsy findings. In men with 
obstruction, sperm from the testis can be retrieved by nee-
dle aspiration (TESA) or percutaneous or open surgical 
biopsy (TESE).

Testis sperm aspiration is performed either coincident 
with the day of the wife’s ovulation or in advance of ovula-
tion and frozen and thawed for use. Similar to other sperm 
retrieval techniques, it is a same-day procedure under local 
anesthesia, with or without intravenous sedation. TESA 
involves stabilization of the testis in the surgeon’s hand with 
the epididymis held posteriorly followed by insertion of a 
hollow needle (16–23 gauge) into the testis through the 
stretched skin of the scrotum [12]. Research has shown that 
sperm in obstructed testes will be found throughout the 

Table 29.4 Published ICSI outcomes with fresh and frozen-thawed epididymal sperm

Fertilization rate (%) Pregnancy rate (%)

Unpaired controls Fresh Frozen-thawed Fresh Frozen-thawed
Nagy et al. (1995) 56 56 30 33
Oates et al. (1996) 20 37 0 29
Cha et al. (1997) 68.4 72.4 44.4 63.6
Holden et al. (1997) 73a 47 27a 18.4
Van Steirteghem et al. (1998) 64.8 54.7 44.3 33.8
Shibahara et al. (1999) 68.6 45.3 60 23.1
Paired controls
Friedler et al. (1998) 56 53 32 37
Hutchon et al. (1998) 64 66 34.5a 26.7
Tournaye et al. (1999) 60.1 53 32.1 35.2
Cayan et al. (2001) 58.4 62 31.6 36.8
aFresh ejaculated sperm was compared with frozen-thawed epididymal sperm

Fig. 29.5 MESA Technique. (a) The epididymis (E) is exposed through a 1 cm incision and explored under low power microscopy. The epididy-
mal tunic or covering is then incised overlying a dilated epididymal tubule, as shown here. (b) After opening the isolated epididymal tubule under 
high power magnification, epididymal fluid and sperm are aspirated into syringes or microneedles
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testicular parenchyma and therefore the location of sperm 
aspiration matters little [13]. Once within the testis, negative 
pressure is applied to the needle through its connection with 
plastic intravenous tubing and a 20 mL syringe with the 
plunger fully pulled back. The negative pressure is main-
tained by clamping the tubing near its attachment to the 
syringe. Several excursions of the needle (butterfly or angio-
cath) are then made within the substance of the testis until 
testis tissue is observed within the intravenous tubing 
attached to the needle. After sampling is complete, the suc-
tion is removed from the system and the tissue within the 
needle and tubing expelled with positive pressure into one 
inch Petri dishes or test tubes containing sperm wash 
medium for processing by the andrology laboratory. Manual 
pressure is applied to the aspiration site for two minutes for 
hemostasis. This procedure can be repeated on the same or 
opposite side until sufficient sperm are obtained for IVF-
ICSI. The recovery period is also about 24 h. Complications 
of the procedure include low risks of bleeding (1%) and 
infection (1%).

Alternatively, percutaneous or open surgical biopsies 
(TESE) can be performed to obtain testis sperm in obstruc-
tive azoospermia [14, 15]. Percutaneous core biopsies are 
obtained in a manner similar to the aspiration procedure 
described earlier, except that a Biopty gun (Monopty no.14; 

Bard Inc, Covington, USA) with a 14-gauge needle is used. 
The needle is placed into the testis at the lower pole directed 
to the upper pole and the gun is fired, producing a tissue core 
that is then placed in sperm wash medium for processing. 
There is a 1–5% chance of intratesticular hematoma when 
percutaneously biopsied testes are examined with ultrasound 
after the procedure. Open surgical biopsies are performed 
according to the “window technique” illustrated in Fig. 29.6 
and described by Coburn and Lipshultz [15]. A small inci-
sion is made in the scrotal skin and the tunica vaginalis space 
entered sharply. A second incision is made in the tunica 
albuginea of the testis, parallel to the small, visible vessels 
on the tunic surface, and testis tissue extruded through the 
incision, sharply transected and placed in sperm wash 
medium for processing. Both incisions are closed with 
absorbable suture. With this approach, recovery takes 
24–48 h, substantial amounts of tissue can be biopsied and 
bleeding and hematoma minimized because it can be visibly 
controlled during the procedure.

Among the three sources of retrieved sperm, testicular 
sperm is the least “mature” or fertilizable sperm. For this rea-
son, IVF-ICSI is used with testicular sperm in both obstruc-
tive and nonobstructive conditions (Table 29.1). Fresh testis 
sperm has a mean motility of 5% (Table 29.2), which is gen-
erally satisfactory for ICSI [7]. Normal oocyte fertilization 

Fig. 29.6 “Window” technique for open testis biopsy for sperm 
retrieval. After the scrotal incision is made and the tunical vaginalis 
space entered, a self-retaining eyelid retractor is used to create a “win-
dow” into the space. The testis is incised and tissue transected. Multiple 
different incisions are possible with this approach, but the blood supply 
to the testis can be compromised by using multiple incisions

Table 29.5 Conditions associated with nonobstructive azoospermia

Congenital or genetic
Karyotype abnormality (e.g. Klinefelter syndrome)
Y chromosome microdeletion
Germ cell late maturation arrest
Cryptorchidism
Congenital anorchia
Hypothalamic-pituitary-gonadal dysfunction (e.g. Kallmann 

syndrome)
Androgen excess (e.g. congenital adrenal hyperplasia)
Androgen receptor abnormalities
Estrogen or prolactin excess
Thyroid abnormalities
Idiopathic testis failure
Acquired
Torsion
Epididymoorchitis
Ischemic atrophy (e.g. after hernia repair)
Ionizing radiation (e.g. cancer radiotherapy)
Chemotherapy (e.g. cyclophosphamide)
Heat or thermal exposure
Hypothalamic or pituitary tumor (e.g. hyperprolactinemia)
Drug induced (e.g. anabolic steroids, alcohol, glucocorticoids)
Severe systemic illness (e.g. cancer, diabetes, renal failure)
Pesticide or toxin exposure
Sperm autoimmunity
Varicocele
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rates with ICSI using testis sperm are generally thought to be 
5–10% lower than with epididymal or vasal sperm, but this 
has not been our experience at UCSF where ICSI fertiliza-
tion rates of 70–75% are typically observed with sperm from 
all sources (Table 29.6) [16]. A recent meta-analysis con-
cluded that there is no evidence to suggest that any IVF-ICSI 
outcome, including pregnancy rate, differs between testis 
and epididymal sperm in cases of obstruction [17].

29.1.3.2  Testis Sperm Retrieval with Nonobstructive 
Azoospermia

Although testis sperm retrieval in obstructed men with 
normal sperm production is not difficult, there is a failure to 
obtain sperm for ICSI in 25–50% of men with nonobstruc-
tive azoospermia [18, 19]. In addition, clinical features, 
including testicular size, history of ejaculated sperm, serum 
FSH or inhibin levels, or biopsy histology, do not accu-
rately predict whether or not sperm will be recovered dur-
ing testicular exploration [19]. Because of this, several 
strategies have been developed to more accurately deter-
mine which men with nonobstructive azoospermia are can-
didates for ICSI and surgical techniques refined to minimize 
trauma to the testis during sperm harvest procedures. 
Several evidence-based points should precede a discussion 
of the various sperm retrieval strategies used for nonob-
structive azoospermia:

 1. Although TESA is generally sufficient for sperm retrieval 
from obstructed men, it is much less reliable in cases of 
nonobstructive azoospermia. As such, TESE is the pre-
ferred method for harvesting sperm in this condition.

 2. Sperm production in cases of nonobstructive azoospermia 
can be “patchy” or “focal” in nature [13], and it is pre-
cisely this problem that makes reliable sperm retrieval 
difficult in these patients. It appears that as the sample 
size increases, the chance of finding sperm also increases 
(Fig. 29.7) [20–22]. However, the optimal number of 

samples for sperm detection in nonobstructive azoospermia 
has not been determined.

 3. To date, no randomized controlled trial has compared the 
efficiency of all strategies for sperm retrieval for nonob-
structive azoospermia. A recent systematic review analyzed 
24 descriptive studies reporting results of sperm retrieval 
for nonobstructive azoospermia and concluded that there 
may be advantages to certain strategies in terms of sperm 
retrieval success, but there is no relationship between the 
technique used to find sperm and clinical pregnancy or live 
birth rates obtained with testis sperm [23].

To minimize procedures and maximize the likelihood of find-
ing sperm in nonobstructive azoospermia, several appro aches 
have been taken for sperm harvesting which are reviewed 
here.

Table 29.6 Comparison of ICSI oocyte fertilization rates among sperm from different sources at a single IVF center

Descriptor
Normal ejaculate 
(³20 × 106/ml)

Severe oligospermia 
(£1 × 106/ml) Epididymal sperm

Obstructed testis 
sperm

Nonobstructive testis 
sperm

# Cycles 185 60 35 12 22
# Patients 144 57 34 10 19
Egg age (yrs) *36.1 ± 3.8 35.5 ± 4.9 **33.3 ± 4.8 33.9 ± 4.0 **32.7 ± 3.9
Day 3 FSH 8.1 ± 6.3 7.3 ± 2.7 6.6 ± 2.0 10.0 ± 3.7 6.6 ± 1.8
# Eggs *12.9 ± 8.4 16.0 ± 8.0 **20.2 ± 9.3 13.4 ± 7.3 **20.5 ± 10.5
# Eggs injected 1801 760 593 129 358
2PN +75.7% ++70.5% 74.5% 76.7% +++70.4%
1PN *2.4% *1.3% **5.9% 4.7% 3.9%
Note: * and ** significantly different by one way Anova (P < 0.001)
+ and ++ significantly different by one way Anova (P = 0.007)
+ and +++significantly different by one way Anova (P = 0.039)

Fig. 29.7 Chances of finding sperm in nonobstructive azoospermia 
increase with sample size. Here, reported sperm retrieval rates are com-
pared when one, three, and six biopsies are made in series’ of individual 
testes. It is likely that a point exists in which further sampling does not 
appreciably improve sperm retrieval rates, although this sample size is 
unknown. Data from references [20–22]
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Multibiopsy TESE

One of the first strategies reported [19], this approach 
involves straightforward TESE as described earlier for 
obstructive azoospermia and is performed at the time of 
oocyte retrieval. Unlike the approach for obstruction how-
ever, more biopsies are taken until enough sperm are obtained 
for ICSI, as sperm may not be present on all biopsies. This 
approach will produce sufficient sperm in 49.5% (95% CI 
49.0–49.9) as assessed by systematic review, and may require 
15 biopsies or more from a testis to find sperm [19, 23]. It is 
generally performed after a prior diagnostic biopsy has 
shown nonobstructive azoospermia, and is considered the 
most invasive strategy with the highest risk of permanent 
injury to the testis because of its random nature and the need 
for multiple incisions in the testis.

Simultaneous Diagnostic Biopsy  
and Multibiopsy TESE with Cryopreservation

Advocated by Mulhall et al. in Boston [24], this approach 
involves taking testis tissue by biopsy for both diagnostic 
assessment and sperm retrieval at the same time. This 
approach eliminates the need for a separate diagnostic proce-
dure before the TESE. In general, this procedure is performed 
in advance of ICSI to avoid potential cancellation of IVF-
ICSI cycles if sperm harvest fails. Similar to the multibiopsy 
method, multiple biopsies are taken from the testis and the 
procedure terminated when satisfactory numbers of sperm 
are obtained for ICSI. All sperm are cryopreserved and then 
thawed for a future IVF cycle. The issues that surround the 

use of frozen-thawed testis sperm will be discussed separately 
below. The surgical risks of this approach are similar to the 
multibiopsy method.

Microdissection TESE

First reported by Schlegel in 1999 [25], this technique is 
conceptually similar to the multibiopsy TESE but has impor-
tant differences, including the use of an operating room 
microscope. This technique is based on the concept that sem-
iniferous tubules that contain sperm are larger in diameter 
and more opaque or whiter, than tubules without active sper-
matogenesis because of the larger number of intratubular 
germ cells in these tubules. This difference can be detected 
with optical magnification of 20–25× that is possible with an 
operating room microscope. For this approach, a single large 
incision is made in the testis and the organ is “clam shelled” 
open (Fig. 29.8a). Under microscopy, selected enlarged 
tubules are biopsied, thus reducing the volume of tissue 
excised (Fig. 29.8b). With operative microscopy, the arterial 
anatomy within the testis is better identified, theoretically 
reducing the risk of serious testis injury. Schlegel and others 
have shown that less tissue is excised with this method and 
that better sperm retrieval rates (43–63% of cases) are 
obtained with this method compared to the multibiopsy 
method (17–45% of cases) [25–30]. However, on systematic 
review of seven published series using microdissection, it 
was concluded that this technique performs better than con-
ventional TESE only in histologic cases of Sertoli cell-only, 
where tubules containing active foci of spermatogenesis can 
be identified [23].

Fig. 29.8 Microdissection TESE. (a) A large, full-length incision is 
made in the testis (either vertical or longitudinal) under low power 
(6–8×) microscopy; (b) The seminiferous tubules are easily identified 

under high power microscopy (20–25×) and the larger, white, more 
opaque tubules (circled in black) are selectively biopsied for TESE. 
Photo courtesy of C. Niederberger
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Given the level of surgical invasiveness with microdissec-
tion, the issue of testis injury has been a concern with TESE 
procedures. Studies have addressed changes in testosterone 
production or structural changes to the testis after TESE and 
microdissection TESE. In a study by Ramasamy et al., tes-
tosterone levels had dropped by 20% of pre-microdissection 
levels 3–6 months after sperm retrieval surgery, achieving 
85% of baseline levels at 12 months and 95% at 18 months 
[30]. A histological study of the testis following TESE pro-
cedures revealed a 7% decrease in seminiferous tubule vol-
ume and a 5% decrease in germ cell density within tubules, 
suggesting that sperm retrieval procedures may have lasting 
effects on testis function [31]. Schlegel and Su found that 
82% of men had abnormal ultrasonographic findings 3 
months after TESE procedures, which resolved by 6 months 
[32], suggesting that 6 months is needed for the testis to fully 
recover after sperm retrieval procedures. Finally, a systemic 
review of the complications of sperm retrieval noted that 
microdissection TESE appears to be at least as safe as any 
other sperm retrieval procedure [23].

Fine Needle Aspiration Mapping and Map-Directed TESE

This is our current approach to nonobstructive azoospermia 
[33]. It involves performing a small non-surgical procedure 
termed fine needle aspiration (FNA) “mapping” in the office 
before IVF-ICSI to determine patient candidacy for success-
ful future sperm retrieval. Information obtained from the 
map, including if, where, and how much sperm is present in 
the testis, is then used to “direct” TESE at the time of egg 
retrieval. By having a “map” ahead of time, fewer and smaller 
biopsies are required to harvest sufficient sperm for ICSI 
[33] (Fig. 29.9) and the variable of whether or not sperm will 
be found in nonobstructive azoospermic men is well defined 
in advance of IVF-ICSI.

Applying FNA to the testis is not a new idea, having been 
performed since the early 1900s as a diagnostic alternative to 
open testis biopsy [34]. What’s new is the concept of “map-
ping” testes to specifically locate sperm for IVF-ICSI. FNA 
mapping involves a systematic, templated, non-surgical 
approach to define the focality of sperm production within 
nonobstructive azoospermic testes. An example of an FNA 
map template typically used for nonobstructive azoospermia 
is illustrated in Fig. 29.10. Systematic FNA is an outpatient 
procedure performed under local anesthesia. The scrotal skin 
is stretched taut over the testis and wrapped with sponge. 
The “wrap” serves as a convenient handle to manipulate the 
testis and also fixes the scrotal skin over the testis, as shown 
in Fig. 29.11a. Using a marking pen, the planned sites of 
aspiration are marked on the scrotal skin overlying the testis. 
FNA is performed with a 23 gauge fine needle attached to a 
10 mL syringe and held with a Cameco syringe holder. The 

needle is placed into the testis at a marked site and moved 
in-and-out. After the needle is withdrawn from the testis, the 
aspirated seminiferous tubules (1–5 mg) are gently smeared 
on the slide and immediately immersed into 95% ethyl alco-
hol fixative (Fig. 29.11b). The procedure is well-tolerated by 
patients with no reported complications (yet), with a mean of 
two pain pills taken and a recovery time of <24 h. After 
Papaniculaou staining, the cytology slides are reviewed by 
an experienced cytologist who can identify the presence or 
absence of sperm or other germ cells at each site. If sperm 
are found on the map, patients are advised to proceed with 
IVF-ICSI at which time fresh testis sperm retrieval is 
performed.

Based on sperm quantity and distribution in the testes as 
assessed by the map, sperm are retrieved by TESA, TESE or 
microdissection, proceeding in this sequence from the least 
to most invasive procedure. From a review of 3 years of 

Fig. 29.9 Schematic clinical pathway for nonobstructive azoospermic 
patients who undergo testis FNA mapping

Fig. 29.10 Systematic template of fine needle aspiration (FNA) sites 
used to detect sperm in men with nonobstructive azoospermia
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mapped nonobstructive azoospermia cases (n = 159) at UCSF, 
44% required only TESA, 33% required TESE, and only 
23% needed microdissection–TESE for sperm retrieval. In 
addition, the majority (78%) of these sperm retrieval cases 
were performed unilaterally [35]. Overall, sufficient sperm 
for all oocytes retrieved was possible in 95% of cases, with 
100% of TESA/TESE cases and 80% of microdissection 
cases. In addition, among men who underwent a second 
sperm retrieval procedure, sperm was retrieved in 91% of 
attempts, and in all patients who had a third sperm retrieval 
(n = 6). This suggests that knowledge of sperm location with 
FNA mapping can simply and streamline sperm retrieval 
procedures in difficult cases of nonobstructive azoospermia.

Also interesting is the information garnered from FNA 
mapping about the biology and geography of sperm produc-
tion in nonobstructive azoospermia [13]. As shown in 
Fig. 29.12, there is a significant likelihood that FNA map will 
show sperm despite a biopsy negative for sperm, and there are 
also reasonable likelihoods (19–25%) of intratesticular and 
intertesticular variability in sperm production. This type of 
information can be useful to guide clinicians through the care 
of patients with this challenging clinical condition.

Outcomes From Testis Sperm Retrieval in  
Obstructive vs. Nonobstructive Azoospermia

A recent systemic meta-analysis of 1103 ICSI cycles and 998 
embryo transfers from published non-randomized studies com-
pared the outcomes of sperm retrieval in obstructive and non-
obstructive azoospermic cases [17]. In a fixed model analysis, 
there was a significantly higher normal fertilization rate (RR 
1.18; CI 1.13–1.23) and clinical pregnancy rate (RR 1.36; CI 
1.1–1.69) in obstructive vs. nonobstructive cases. A nonsignifi-
cant increase in ongoing pregnancy rate was also detected (RR 
1.19; CI 0.87–1.61). Importantly, there was no difference in 
implantation rates (1.01; 0.87–1.61) or miscarriage rates (RR 
0.84; CI 0.48–1.48) between these two male factor groups.

29.1.4  Laboratory Effort and Timing of Sperm 
Retrieval

To achieve excellent outcomes in sperm retrieval cases, clini-
cal care must be carefully timed and orchestrated between pro-
cedures on both partners. Several issues should be mentioned 

Fig. 29.12 Geographic variation in sperm findings based on FNA maps in 96 men with nonobstructive azoospermia (from reference [13])

Fig. 29.11 The FNA mapping technique. (a) Testis tissue is percuta-
neously aspirated at many sites according to a template with a 23 gauge 
needle; (b) the tissue is then smeared on a slide to create a cytologic 

specimen before fixing in alcohol and undergoing a routine Papanicolaou 
(PAP) stain to identify sperm
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regarding the andrology laboratory effort needed to obtain 
sperm and the timing of sperm and oocyte retrieval, espe-
cially in cases of nonobstructive azoospermia. Regarding the 
technical effort needed to find surgically retrieved sperm, at 
UCSF, we use a sliding scale for the andrology laboratory: 
one to two man- hours of processing time needed for TESA 
procedures, 2–4 h for TESE procedures and 4–6 h for micro-
dissection procedures. In this way, the andrology laboratory 
staff can gauge the level of difficulty of the sperm retrieval 
procedure and be prepared in advance for the task based sim-
ply on proposed procedure. In addition, since it is clear that 
testis sperm motility will remain stable or increase with incu-
bation in vitro for 24–48 h after sperm retrieval, the delayed 
use of fresh testis sperm retrieved in advance of IVF-ICSI is 
now commonly undertaken to simplify the timing of the pro-
cedures on both infertile partners [36].

29.1.5  Sperm Cryopreservation

The ability to freeze and thaw surgically retrieved sperm is a 
significant advance in the care of men with azoospermia. It 
has simplified the timing and orchestration of fertility proce-
dures performed on both infertile partners, added conve-
nience to the schedules of reproductive urologists who 
perform surgical sperm retrieval procedures, and allowed 
couples who require IVF-ICSI to have multiple opportunities 
to conceive without repeating surgical sperm retrieval. The 
literature supports the idea that motile, frozen-thawed 
epididymal sperm is associated with ICSI outcomes equal to 
fresh epididymal sperm (Table 29.4) [17], and thus epididy-
mal sperm retrieval procedures are commonly performed in 
advance of IVF-ICSI cycles and frozen and thawed for later 
use. One caveat that we have found using this sperm con-
cerns epididymal sperm retrieved from the high caput or 
efferent ductule region [37]. Although fresh efferent duct 
sperm has excellent motility (35%), it exhibits the cryobio-
logical behavior more reflective of testicular sperm than 
epididymal sperm and thaws with very low motility (1.5%). 
ICSI fertilization rates, however, do not differ between these 
two kinds of epididymal sperm (66% efferent duct; 71% 
other epididymal sperm). In summary, sperm cryopreserva-
tion has become an invaluable addition to the care of men 
with epididymal sperm.

Cryopreservation of testicular sperm presents a slightly 
more complicated scenario. In most centers, fresh testis 
sperm is preferred to frozen-thawed testis sperm. This pref-
erence is largely driven by the large decrease in motility 
observed after testis sperm is thawed (see Table 29.2), but it 
is also driven by the generally low or the occasional com-
plete lack of motility observed in fresh testis sperm, depend-
ing on the case. Our experience has been to use motile testis 

sperm whenever possible, which often requires that it be 
retrieved fresh. However, given that fresh testis sperm has 
viability rates that approach 90% (Table 29.2), we do not 
require that fresh testis sperm be motile for ICSI. As 
Table 29.2 suggests, however, when nonmotile, frozen-
thawed testis sperm is used for ICSI, a lower fertilization rate 
should be expected, as only 50% of sperm are viable [7]. 
Regardless, a meta-analysis of the literature on the outcomes 
of fresh and frozen-thawed testis sperm suggests that fertil-
ization rates, clinical pregnancy rates, and ongoing clinical 
pregnancy rates do not differ between these groups [17]. 
However, a significant decrease in implantation rates (RR 
1.75; CI 1.1–2.80) was observed with frozen thawed com-
pared to fresh testis sperm, possibility reflecting differences 
in sperm viability between these two groups. Thus, each cen-
ter should develop its own algorithm regarding the handling 
of fresh or frozen-thawed testis sperm.

29.2  Conclusions

 1. A meta-analysis has determined that there is insufficient 
data from randomized trials to recommend any particular 
surgical sperm retrieval technique for either obstructive or 
nonobstructive azoospermia. A variety of procedures exist 
for sperm retrieval in these conditions.

 2. Although it is not difficult to retrieve sperm from azoo-
spermic men with obstruction, it can be very difficult to 
find sperm in men with testicular failure and nonobstruc-
tive azoospermia. Sperm production in cases of nonob-
structive azoospermia can be “patchy” or “focal” in 
nature, and this problem makes reliable sperm retrieval 
difficult with this condition. As such, TESA is generally 
sufficient for sperm retrieval from obstructed men, but 
TESE is the preferred method for harvesting sperm in 
nonobstructive azoospermia.

 3. To date, no randomized controlled trial has compared the 
efficiency of all strategies for sperm retrieval for nonob-
structive azoospermia. A systematic review concluded 
that there may be advantages to certain strategies in terms 
of sperm retrieval success, but there is no relationship 
between the retrieval technique and clinical outcomes 
with testis sperm.

 4. Since IVF-ICSI does not have a 100% success rate, it 
behooves reproductive urologists to develop and use 
sperm retrieval techniques that are not only reliable and of 
low morbidity, but that also have the potential to harvest 
sufficient sperm to enable multiple IVF-ICSI attempts 
without repeat surgery.

 5. Sperm cryopreservation is an invaluable addition for 
epididymal sperm retrieval. The literature suggests that 
motile, frozen-thawed epididymal sperm has ICSI outcomes 
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equal to fresh epididymal sperm, and thus these procedures 
are commonly performed in advance of IVF-ICSI cycles 
and frozen and thawed for later use.

 6. A meta-analysis reviewing outcomes of fresh and frozen-
thawed testis sperm suggests that fertilization rates, clini-
cal pregnancy rates, and ongoing clinical pregnancy rates 
do not differ between these groups. However, a significant 
decrease in implantation rates was observed with frozen 
thawed compared to fresh testis sperm, possibility reflect-
ing differences in sperm viability between these groups.
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Abstract Interest in the use of sperm DNA integrity as a 
predictor of fertility potential is on the rise. Clear differences 
in the levels of sperm DNA damage have been observed 
between fertile and infertile men. Sperm DNA damage has 
been found to be adversely affected by age. Men with a high 
percentage of DNA fragmentation have very low potential for 
in vitro and in vivo fertility. Moreover, DNA fragmentation 
is linked to effects on embryonic development, implantation 
and risk of recurrent miscarriages, and the health of offspring. 
The potential causes of sperm DNA damage are complex with 
multiple factors acting at both the intratesticular and post-
testicular levels. Oxidative stress, defective sperm chromatin 
packaging, and disordered abortive apoptosis, are the three 
putative mechanisms most commonly associated with DNA 
damage. Sperm DNA damage can occur and can be assessed 
at different levels in the reproductive tract. Several methods 
have been developed to evaluate sperm DNA damage as well 
as assess DNA maturity, quality of packaging, and protami-
nation of the chromatin. The challenge in the management of 
patients with elevated DNA damage increases proportionately 
with the rise of such damage. Positive effect of oral antioxi-
dants has been reported. Several methods designed to separate 
superior spermatozoa from normal DNA have shown promis-
ing results, but await further evaluation and confirmation.

Keywords Sperm chromatin • Male infertility • Sperm 
DNA damage • Sperm DNA integrity

30.1  Introduction

Approximately 15% of couples attempting to have children 
are unable to conceive within 1 year [1]. Significant male fac-
tor alone accounts for 20% of these cases with a further 
30–40% due to a combination of both male and female factors. 

In nearly one third of male factor infertility, the cause remains 
unexplained and is considered idiopathic [2]. The semen val-
ues needed for successful conception are much lower than the 
values for normality of a fertile population. The most recent 
World Health Organization (WHO) manual for semen evalua-
tion has recognized these limitations and changed “normal” to 
reference values [3]. These semen parameter guidelines, such 
as concentration, motility and morphology, are somewhat arti-
ficial due to a significant overlap between the parameters of 
infertile and fertile men [4, 5]. In fact, for a sperm to fertilize 
an oocyte in vivo, it must be capable of successfully complet-
ing a sequence of events: from normal spermatogenesis and 
maturation to embryo development. If any one of the steps is 
defective, the sperm will not fertilize, and if most of the sperm 
are defective, fertilization may not occur [6].

The laboratory investigation of male infertility includes 
semen analysis, tests of sperm function, and DNA integrity 
assessment [7, 8]. Many studies have attempted to predict the 
utility of selected semen parameters and tests of sperm func-
tion, but it is not clear which tests have the most prognostic 
or diagnostic value, and there is no single laboratory test that 
can assess the total fertility potential of spermatozoa [7, 9].

Since the introduction of intracytoplasmic sperm injec-
tion (ICSI), many traditional diagnostic algorithms have 
been underutilized because of their apparent poor prognostic 
value in predicting fertilization [10]. However, there has 
been renewed interest in the use of tests beyond semen anal-
ysis due, in part, to the increase in the number of studies, 
indicating an elevated risk of anomalies in children born 
after ICSI [11–15]. This could be explained, in part, by the 
lack of spermatozoa selection, procedure related hazards, 
and genetic and epigenetic alterations [11, 12].

There is increasing interest in the use of DNA integrity as 
a predictor of fertility potential [16, 17]. Clear differences in 
the levels of sperm DNA damage have been observed 
between fertile and infertile men [18, 19]. Men with a high 
percentage of DNA fragmentation have very low potential 
for in vitro [20] and in vivo fertility [17, 21–23]. Moreover, 
DNA fragmentation has been linked to defective embryonic 
development [24, 25]; implantation failure and risk of recur-
rent miscarriages [26].
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30.2  Sperm DNA Structure

The structure of sperm chromatin is very complex with 
some organizational features unique to germ cells. While 
sperm chromatin organization remains a subject of exten-
sive research, evidence from several laboratories suggests 
that sperm DNA is folded into loop domains in specific 
sequences [27, 28]. During normal spermatogenesis, endog-
enous nicks develop, which if not repaired, result in 
decreased fertility potential [29]. The spermatozoa-specific 
organization of DNA loop domains is very different from 
somatic cell DNA looping and is not associated with chro-
mosome function or DNA replication as it would be in 
somatic cells, since mature spermatozoa are genetically 
inactive [30]. It has been suggested that loop-domain orga-
nization contributes to the function of the paternal genome 
[31, 32].

Several levels of complex DNA organization, each with 
specific characteristics, have been proposed. The primary 
level of the chromatin organization, often referred to as 
chromosomal anchoring by the nuclear annulus; two 
strands of histone-free nucleic acids attach to a bent-shaped 
ring about 2 µm in length, called the “nuclear annulus” 
[33]. This annulus is specific to spermatozoa; the point of 
its formation during spermatogenesis is unknown. The 
nuclear annulus has nonrandom DNA sequences, which 
initiate aggregation at specific sites of each chromosome 
to chromatin condensation, play a role in packaging of 
chromosomes, and determine the shape of the sperm 
nucleus [34].

At the next level of sperm DNA organization, anchored 
chromosomes are arranged into DNA loop domains of ~30–
50 kb connected at their bases to the sperm nuclear matrix 
attachment regions [28]. Spermatozoa are highly differenti-
ated cells that result from a multistep process of spermato-
genesis. After meiosis, histones are gradually removed from 
the chromosomes and replaced by highly basic transitional 
proteins, and then by protamines [35]. Protamines play an 
essential role in the normal sperm chromatin packaging [36]. 
In the “donut-loop model” proposed by Ward, [37] each loop 
domain is folded into one protamine toroid connected by a 
DNAase sensitive region. It has been suggested that DNA 
present in toroid-linker regions is organized differently than 
the rest of the sperm DNA, and may remain organized into 
nucleosomes by residual histones [28]. Almost 10% of the 
DNA in human spermatozoa is bound to residual histones, 
the majority of which are sperm-specific variants of H2B 
localized in the near telomere or telomere regions with 
smaller amounts of histone H4 distributed throughout the 
sperm nucleus [38, 39]. The function of these histones in 
human sperm remains unknown. The retained histones may 
mark genes for early embryo gene expression [40] and bind 

the chromosomal domains required for the initial stages of 
male pronucleus formation [41]. Sperm containing different 
quantities of H2B may have different patterns of chromosomal 
packaging, which would impact fertilization and early 
embryo development [42].

Recent studies have demonstrated nonrandom positioning 
and arrangement of chromosomes in the sperm nucleus. In 
the interphase nucleus, the chromosomes occupy specific 
nonoverlapping territories according to their mass and gene 
density [43]. The chromosomes fold into hairpin-like struc-
tures with the centromeres located in the centre of the 
nucleus, where centromeres of nonhomologous chromo-
somes form chromocenters [29, 34]. In spermatozoa, telom-
eres localize in the nuclear periphery where they interact 
with each other by forming dimers and tetramers [44]. In 
human spermatozoa, p- and q-subtelomeres belonging to one 
chromosome are notably closer than subtelomeres from dif-
ferent chromosomes [45]. Chromosome looping could be the 
result of specific associations between terminal chromatin 
structures of chromosome arms and dependent on chromo-
some arm-specific subtelomeric sequences with the involve-
ment of some protein complexes, such as sperm telomere 
binding protein [44]. During fertilization, the sperm chromo-
somes are withdrawn from the nucleus and remodeled. If the 
topology of the chromosomes is altered, it would lead to a 
shift in the ordered chromosome removal, disruption of the 
sequence of events involved in fertilization and early embryo 
development [41].

30.3  Mechanisms of Sperm DNA Damage

The pathophysiology of DNA damage may be due to a num-
ber of factors acting at the testicular and posttesticular levels 
[46]. The etiology of this process is still the subject of exten-
sive research and debate. It is unknown whether a single fac-
tor or multiple factors acting in concert are responsible for 
the DNA damage. Sperm DNA damage has been found to be 
increased in individuals with a history of smoking and drug 
use, exposure to environmental and occupational toxins as 
well as in patients with varicoceles, history of testicular 
trauma or cancer [47–49]. The rapidly dividing germinal epi-
thelium of the seminiferous tubules is a target for drugs and 
irradiation, both of which are associated with DNA damage 
influenced by the duration and the dose of the exposure [50]. 
Although spermatogenesis may recover months to years 
after cessation of therapy, evidence of sperm DNA damage 
may persist.

Several theories have been proposed to explain sperm 
DNA fragmentation including, disordered apoptosis, oxida-
tive stress, and defective sperm chromatin packaging.
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30.3.1  Apoptosis

Testicular germ cell apoptosis occurs normally and continu-
ously throughout life. It is the end result of various pathologi-
cal conditions leading to deregulation of the spermatogenesis 
control system, and may be triggered by an internal clock or 
by extra-cellular mediators, such as cytokines, hormones, 
viruses, chemicals or physical factors [48, 51]. Both apopto-
sis and necrosis has been reported in ejaculated human sper-
matozoa [52, 53]. However, it is unsettled whether ejaculated 
spermatozoa retain the ability to activate the apoptotic sig-
naling cascade, or whether the detected apoptotic markers 
merely reflect an apoptotic process that started before ejacu-
lation [54]. In the absence of an apoptotic pathway, necrosis 
has been cited as the main source of elimination of sperma-
tozoa in normozoospermic samples [55]. However, Blanc-
Layrac and associates reported both necrosis and apoptosis 
in ejaculated samples obtained from 30 normozoospermic 
patients presenting for infertility evaluation [56]. Apoptosis 
during spermatogenesis is responsible for the removal of up 
to 75% of potential spermatozoa and may be responsible for 
the selective depletion of DNA damaged germ cells [57, 58]. 
This serves to maintain a Sertoli cell to germ cell ratio ade-
quate to support normal spermatogenesis. It has been pro-
posed that some of the spermatozoa with DNA damage that 
have initiated apoptosis subsequently escape apoptosis (abor-
tive apoptosis) [58]. The cell-surface protein Fas may medi-
ate apoptosis in sperm [59]. The percentage of Fas-positive 
spermatozoa is small in men with normal semen parameters, 
while it may reach 50% in men with abnormal semen param-
eters. The combination of DNA damage and spermatozoa 
with apoptotic markers may indicate the presence of abortive 
apoptosis [54]. In contrast, some reported no correlation 
between apoptotic markers and sperm DNA damage [60].

30.3.2  Oxidative Stress

Human spermatozoa are susceptible to oxidative stress 
because of a high content of polyunsaturated fatty acids in 
their plasma membranes [61]. Although reactive oxygen spe-
cies (ROS) at low concentrations have an important physio-
logical effect on hyperactivation, capacitation, and acrosome 
reaction of spermatozoa, in high concentration, they have a 
pathological effect [62]. High levels of ROS can adversely 
affect sperm DNA integrity as well as other sperm functions 
[63]. Kodama and coworkers found a 1.5-fold increase in the 
level of oxidated DNA derivatives in infertile men compared 
with fertile men [17]. It has been reported that approximately 
25–40% of infertile men have high levels of ROS detectable 
in their semen [64]. Leukocytes derived ROS generation may 

be responsible for the DNA damage in patients with genital 
tract infection or idiopathic genital tract inflammation [65]. 
However, other sources of ROS or other factors not related to 
ROS may be responsible for the DNA damage [66].

Antioxidants present in seminal plasma may control 
ROS generation to some degree, but the production of 
excessive amounts of ROS may overcome the antioxidant 
protective activities of seminal plasma leading to oxidative 
stress [67, 68].

30.3.3  Defective Sperm Chromatin Packaging

Normal chromatin packaging is essential for proper DNA 
organization; as histones are replaced by transitional proteins 
and then by protamines, DNA becomes more condensed and 
genetically inactive [35]. It has been postulated that the 
endogenous nicks that develop during normal spermatogen-
esis relieve torsional stress and aid chromatin rearrangement 
during the replacement of the histones by protamines. 
Chromatin remodeling steps during spermatozoal matura-
tion have been associated with spontaneous transient DNA 
double strand breaks [69]. Moreover, the presence of endog-
enous nicks in spermatozoa may indicate the presence of dis-
orders during spermatogenesis and an incomplete maturation. 
A transient increase in the nuclear histone to protamine ratio 
has been reported following febrile illness [70]. Protamine 
deficiency, either relative or complete, is a relatively frequent 
sperm chromatin abnormality. Approximately, 5–15% of 
infertile men demonstrate a complete protamine deficiency 
[71]. An endogenous nuclease (topoisomerase II) is required 
to create and ligate nicks that facilitate protamination during 
spermiogenesis [72]. Topoisomerase II appears to be the 
only enzyme responsible for the transient DNA double-
strand break repair during the spermatid stage of spermato-
genesis [73]. Altered topoisomerase II activity during 
spermatogenesis maybe responsible for persistent endoge-
nous nicks and residual breaks in the DNA of ejaculated 
spermatozoa, and point to incomplete maturation of germ 
cells [74]. Bannister and Schimenti have proposed a defec-
tive checkpoint in the meiotic prophase as the cause of sperm 
DNA fragmentation in ejaculated spermatozoa, as the recom-
bination checkpoint does not allow meiotic division I to pro-
ceed until the DNA is fully repaired or the defective 
spermatocytes removed [75]. Sperm protamine deficiency 
has been implicated in male infertility, in particular, aberrant 
P1/P2 ratios significantly correlate with fertility status [71]. 
Abnormal ratios of P1/P2 in ejaculated spermatozoa have 
been reported to inversely correlate with DNA fragmenta-
tion, suggesting a protective role of the protamines in sperm 
DNA damage [76].
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30.4  Methods of Sperm DNA Evaluation

Sperm DNA damage can occur and can be assessed at different 
stages of development. Several methods have been developed 
to evaluate sperm DNA damage (Table 30.1).

30.4.1  Assessment of Sperm DNA Damage  
or Fragmentation

The direct evaluation of DNA damage or fragmentation in 
the form of single- or double-strand DNA breaks can be eval-
uated by Sperm Chromatin Structure Assay (SCSA®)/DNA 
Integrity Assay, Acridine Orange Test (AOT), Terminal 
Deoxynucleotidyl Transferase-mediated Deoxyuridine 

Triphosphate Nick End Labeling (TUNEL) assay, In Situ 
Nick Translation (ISNT) assay, or measured and quantified 
by Comet assay. Base modification can be assessed by the 
measurement of oxidative DNA damage biomarkers, such as 
8-hydroxydeoxyguanosine (8-OHdG).

30.4.1.1  Sperm Chromatin Structure Assay/DNA 
Integrity Assay

The SCSA/DNA Integrity Assay is the most widely used 
method of direct sperm DNA assessment and is currently the 
only DNA integrity test with statistically sound normative 
values [77]. This assay measures the susceptibility of sperm 
DNA to acid induced partial DNA denaturation in situ [78]. 
The extent of denaturation is determined by a metachromatic 

Table 30.1 Methods of sperm DNA evaluation

Test Principle Detection method Advantage Disadvantage

Assessment of DNA damage or fragmentation
Sperm Chromatin 

Structure Assay® 
(SCSA) or DNA 
Integrity Assay

Susceptibility to DNA 
denaturation

Flow cytometry Correlation to other tests
Standardized
High sensitivity
Clinically significant
Large number of cells 

analyzed

Special equipment

Acridine Orange Test 
(AOT)

Susceptibility to DNA 
denaturation

Fluorescent 
microscopy

Simple
Inexpensive

Indistinct colors
Poor correlation with other test
Interlaboratory variations

Terminal Deoxy-
nucleotidyl 
Transferase-mediated 
Deoxyuridine 
Triphosphate Nick 
End Labeling 
(TUNEL)

Single- and double-
strand breaks

Fluorescent 
microscopy-
Bright field 
microscopy

Flow cytometry

Correlation to other tests
High sensitivity
Clinically significant

Special equipment
Interlaboratory variations

In Situ Nick Translation 
(ISNT)

Single-strand breaks Specific to endogenous 
breaks

Clinically not proven

Comet assay (neutral and 
alkaline)

Single- and double-
strand breaks

(double-strand breaks for 
neutral)

Single-cell gel 
electrophoresis

Fluorescent 
microscopy

High specificity
Quantification of DNA 

damage in individual 
cell

Interlaboratory variations
Time consuming Not 

standardized

8-Hydroxy-
deoxyguanosine 
(8-OHdG) Assay

Measurement of DNA 
oxidation

Detecting
8-OHdG

High performance 
liquid 
chromatography

Flow cytometry

Quantitative
High specificity

Special equipment
Artifactual oxidation

Assessment of DNA packaging or condensation
Aniline Blue stain Staining lysine residues 

of remaining histones
Bright field 

microscopy
Simple
Inexpensive

Interlaboratory variations
Heterogeneous slide staining

Toluidine blue stain Staining phosphate 
residues of chromatin

Bright field 
microscopy

Simple
Inexpensive
Correlation to other tests

Interlaboratory variations
Heterogeneous slide staining

Chromomycin A
3
 stain 

(CMA
3
)

Protamination of mature 
sperm

Fluorescent 
microscopy

Simple
High sensitivity

Interlaboratory variations
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shift of acridine orange (AO); under acid conditions, AO 
intercalated with double-stranded DNA emits green fluorescence 
and AO associated with single-stranded DNA emits red fluo-
rescence [79]. The assay measures several parameters, includ-
ing the DNA fragmentation index (DFI), which assesses sperm 
with single-strand DNA breaks. DFI is calculated as the ratio 
of red fluorescing sperm to the total amount of red plus green 
fluorescing sperm in an individual sperm sample. Three lev-
els of DNA fragmentation have been reported to be associ-
ated with excellent (low DFI £ 15%), good (moderate DFI 
>15 to <30%) and fair to poor (high DFI ³ 30%) fertility 
potential respectively [79]. Another parameter calculated by 
this assay is the high DNA stainable cells (HDS) representing 
the percentage of immature spermatozoa with incomplete 
chromatin condensation. The clinical significance of HDS 
has not been established [23].

Spermatozoa from infertile patients exhibit higher 
DNA damage compared to a fertile population [80]. 
Strong correlation between DFI results and semen param-
eters have been reported by some [8, 19, 81], while others 
have observed only weak or no correlation [20, 82]. High 
DNA damage showed a strong correlation to intrauterine 
insemination (IUI) pregnancy rates and to independently 
predict IUI failure [23, 80]. For conventional In vitro fer-
tilization (IVF) outcome, some studies have reported no 
pregnancies if the DFI is above the 27% threshold [77]. It 
is presumed that DFI does not affect fertilization rates, as 
paternal effects on the embryo have not been observed till 
the second cleavage division or day three of embryo 
development [8]. The relationship between embryo qual-
ity and development is not established, as some have 
observed an inverse correlation between DFI and embryo 
quality [83], while others were unable to demonstrate 
this relationship [20].

Since ICSI bypasses all means of natural selection of sperm 
by an egg, it is interesting that some have observed a signifi-
cant positive predictive value of SCSA for fertilization by ICSI 
[20], an observation not confirmed by others [80]. DFI has 
also been shown to correlate to disordered implantation and 
may indicate involvement of a damaged paternal genome [20]. 
It has been suggested that couples with unexplained infertility 
and patients treated with assisted reproductive techniques 
(ART) would be the groups of patients most likely to benefit 
from assessment of sperm DNA integrity [23, 84].

30.4.1.2  Acridine Orange Test

The acridine orange test is a slide-based version of SCSA 
that measures the susceptibility of sperm DNA to acid 
induced denaturation by means of the metachromatic prop-
erty of acridine orange. The dye intercalated into native 

double-stranded DNA fluoresces green and fluoresces 
orange–red when associated with single-stranded DNA or 
RNA, when exposed to blue light [85]. Correlation of AOT 
to standard semen parameters as well as IVF and ICSI out-
comes have been reported [86, 87]. Others have reported 
that the test is insufficiently reliable for clinical use, because 
of the poor condition for the metachromatic shift of AO 
from green to orange-red, leading to indistinct color and 
difficulties in discriminating between normal and damaged 
cells [80]. Moreover, rapidly fading fluorescence and het-
erogeneous slide staining exacerbate the problems with 
interpreting the AOT results [88].

30.4.1.3  Terminal Deoxynucleotidyl Transferase-
Mediated Deoxyuridine Triphosphate Nick 
End Labeling Assay

TUNEL is another assay for the direct assessment of sperm 
DNA fragmentation. The test is based on the detection of 
DNA precursor deoxyuridine triphosphate (dUTP) at both 
single- and double- stranded DNA breaks by enzymatic reac-
tion. The number of incorporated dUTP at the 3¢-OH ends 
of DNA increases with the number of strand breaks [52]. The 
incorporated labeled nucleotides can be detected in sperma-
tozoa by fluorescence or light microscopy as well as by flow 
cytometry, making it possible to evaluate a large number of 
spermatozoa [89]. The TUNEL is widely used as low intra 
and interobserver variability for this assay, and good correla-
tion to SCSA has been reported [60, 80]. Several studies 
have shown that abnormal TUNEL results correlate to abnor-
mal standard semen parameters and predict the outcomes of 
IVF and ICSI [54, 90]. Reference values vary between dif-
ferent research groups: a threshold of 12% TUNEL-positive 
spermatozoa was suggested to have a predictive value for 
IUI [21] and 20% for ICSI [90]. However, Henkel and col-
league reported numbers much higher, 36.5% for IVF and 
24.3% ICSI [91]. The rate of subsequent spontaneous abor-
tion was also linked to increased DNA damage as assessed 
by TUNEL [26].

30.4.1.4  In Situ Nick Translation Assay

The ISNT assay is a modified TUNEL assay that is only 
able to detect single-stranded DNA breaks. The test utilizes 
incorporation of labeled dUTP in a reaction catalyzed by 
the template dependent enzyme DNA polymerase I. The 
assay identifies spermatozoa with variable levels of endog-
enous DNA damage [92]. Unfortunately, this technique has 
been shown to be less sensitive in comparison to other 
assays [18, 63].
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30.4.1.5  Comet Assay

The Comet assay uses single-cell gel electrophoresis to 
evaluate single- and double- stranded breaks. The test is per-
formed by in situ lysis of sperm membranes and DNA 
denaturation within an agarose gel [93]. The assay is based 
on the principle of a faster rate of migration of smaller 
fragmented DNA towards an anode in an electrophoretic 
field as compared to larger nonfragmented DNA. Damaged 
DNA is visualized by DNA-specific fluorescent dye and 
gives the appearance of a comet, with double-stranded, 
undamaged DNA remaining in the comet head. Comet 
parameters, such as fluorescence intensity, comet tail length, 
and comet moment, are analyzed by an imaging software 
[94]. The intensity of staining of the tail is compared to the 
comet head intensity and expressed as a percentage of dam-
aged DNA within the total DNA of the spermatozoon. The 
Comet assay can be performed in neutral or alkaline (pH >13) 
conditions. Under neutral conditions, only double-stranded 
breaks are identified [54], however, in an alkaline environ-
ment, single- and double- strand breaks, and alkali-labile 
sites, are detectable [95]. The Comet assay is considered the 
most sensitive technique available to measure the magnitude 
of DNA damage in an individual cell. However, overestima-
tion of DNA breaks in spermatozoa has been linked to induced 
DNA damage and alkali-labile sites [95]. High interlabora-
tory variation of Comet assay results has also been cited as a 
disadvantage of this technique [96]. Good correlation to 
TUNEL assay results [97], standard semen parameters, and 
embryo development and pregnancy rates in IVF and ICSI 
programs, have been reported [24, 98].

30.4.1.6  8-Hydroxydeoxyguanosine Assay

The 8-OHdG assay uses one of the biomarkers of oxidative 
injury that occur with oxidative base modification of DNA 
[99]. DNA damage is mediated via free radicals formed by 
some environmental toxins, radiation, xenobiotics or even 
as a part of physiological metabolism [100]. The muta-
genic quality of 8-OHdG has been reported to be a possible 
cause of malformations, genetic diseases, and cancer [101]. 
High performance liquid chromatography, following elec-
trochemical or gas chromatography detection, is used to 
identify this biomarker. This method requires extraction 
and enzymatic digestion of sperm DNA followed by extrac-
tion of 8-OHdG. The assay requires special equipment and 
a large number of spermatozoa [102]. More recently, direct 
detection of 8-oxoguanine using flow cytometry has been 
employed [103]. High levels of 8-OHdG have been shown 
to correlate with sperm motility and function as well as 
with male infertility [16, 104]. A positive correlation has 

been found between sperm DNA damage assessed but 
SCSA and DNA oxidation measured by 8-OHdG [105].

30.4.2  Assessment of Sperm DNA Packaging 
or Condensation

During spermatogenesis, histones are replaced by protamines, 
resulting in a highly condensed sperm chromatin occupying 
over 90% of the spermatozoa’s nuclear volume. If the chroma-
tin package is disturbed, DNA decondensation can occur due to 
persistence of histones or an abnormal ratio of protamines [33]. 
Several tests have been developed to directly assess DNA matu-
rity, quality of packaging and protamination of the chromatin.

30.4.2.1  Aniline Blue Stain

Aniline blue is an acidic dye binding to chromatin proteins in 
spermatozoa with abnormally loosely packaged DNA. This 
test is based on the presence of lysine-rich histones in sper-
matozoa with impaired chromatin packaging or immature 
forms, in comparison to arginine–cysteine rich protamines of 
spermatozoa with intact DNA. In an acid based reaction, ani-
line blue binds to the basic lysine residues causing blue stain-
ing [106]. This test has been correlated to semen parameters 
[107] and outcome of IVF [108]; however, the relationship to 
ICSI outcome is contradictory [109, 110].

30.4.2.2  Toluidine Blue Stain

Toluidine blue is a basic thiazine nuclear stain incorporated 
into loosely packed or damaged chromatin where it binds to 
the phosphate residues of DNA showing a deep violet color 
[111]. The test has been shown to correlate to standard semen 
parameters [112]. Results are calculated as a percentage of 
stained spermatozoa and expressed as abnormal DNA Index, 
with 35% recommended as an infertility threshold. Significant 
correlation between this test and TUNEL results has been 
reported [113].

30.4.2.3  Chromomycin A
3
 Stain

Chromomycin A
3
 is a guanine–cytosine fluorochrome 

directly competing with protamines for association with 
DNA. The staining relates to the degree of protamination of 
mature spermatozoa [74]. It has been correlated with semen 
analysis results [114] with good predictive value for the out-
comes of IVF and ICSI [109, 115].
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30.5  The Clinical Utility of Sperm DNA 
Assessment

30.5.1  Age and DNA Integrity

The basis of the relationship between age and male fertility 
involves several potential factors including decline in sex 
hormone production, accessory gland function, testicular 
function, semen quality, sperm DNA integrity, and genetic 
alterations.

The effect of age on male fertility and specifically on DNA 
integrity is of particular interest because of the growth in the 
number of men choosing to father children at older ages. For 
example, in the United States, the birthrate for fathers older 
than 35 years increased up to 40% from 1980 [116]. A 
Canadian study confirmed this observation, as men older than 
40 years of age constituted almost 25% of the patient popula-
tion presenting for fertility evaluation [81]. The increase in 
average parental age at the time of attempted first pregnancy 
is attributed to socioeconomic factors in modern society, 
changes in reproductive behavior, prolonged life expectancy, 
and improvement in assisted reproductive techniques.

In the largest study to date of the effect of age on sperm 
DNA damage, 1,125 men presenting for fertility evaluation 
underwent assessment of DNA damage as measured by the 
DFI [81]. Sperm DNA damage was significantly increased in 
men older than 45 years compared to all other age groups. 
DFI was high, corresponding to fair to poor fertility poten-
tial, in the oldest age group, and moderate, corresponding to 
good fertility potential, in the younger age groups. Our cur-
rent observations have confirmed these data; to date in our 
laboratory, 4,655 patients have undergone sperm DNA dam-
age assessment (Table 30.2).

These data support the observation of Spano and col-
leagues, that DNA damage almost doubled from about age 25 
years to age 55 years (10.0% and 18.0% respectively) [117]. 
Of interest, DFI values in our study [81] were 50% higher at 
both time points, as our data included results from patients 
presenting for fertility investigation in comparison to Spano’s 
study, which selected subjects from an occupational hazard 
study with no known history of infertility. Similar results 
were observed in a study of 97 healthy men [118].

Other investigators, employing different assays to evaluate 
sperm chromatin or DNA fragmentation, have reported a similar 
negative effect of age on sperm DNA quality. DNA fragmentation, 

as measured by TUNEL assay, was inversely related to male age 
in gonadotrophin-stimulated IUI cycles [21] as well as in 508 
men of unselected couples attending a clinic for infertility inves-
tigation [119]. DNA damage assessed by the Comet assay 
increased with age, in a study of unselected men undergoing 
IVF treatment [24], this observation was confirmed in subse-
quent studies [120, 121]. Schmid and coworkers [122] using the 
Comet assay in 80 nonsmokers with no known fertility prob-
lems found a significant correlation between male age and 
sperm single-stranded DNA breaks under alkaline conditions, 
but not under neutral conditions.

In addition to the postulated mechanisms of DNA damage 
(disordered apoptosis, oxidative stress, and defective sperm 
chromatin packaging) discussed earlier, other mechanisms may 
be operative in older men. One possibility is age-dependent 
accumulation of DNA damage coupled with a less efficient 
apoptotic cell selection system [120]. Alternatively, the DNA 
damage may be attributable to age-related damage to the 
genes involved in the apoptotic pathway [123]. An age-
related, cumulative birth cohort effect resulting from chang-
ing pre or perinatal exposures with altered testicular 
development may also be operative [124]. Likewise, chro-
mosomal breaks and point mutations in germ cells are also 
known to increase with male age [125], which may reflect a 
decrease in the overall efficiency of DNA repair with age. 
Alternatively, DNA integrity of ejaculated spermatozoa may 
be more stable in younger, fertile sperm donors than in older 
patients with reduced semen quality [55]. It has been reported 
that prolonged incubation of density gradient selected sperm 
adversely affects sperm survival in older patients and patients 
with extensive sperm DNA damage [126].

30.5.2  Semen Analysis and Sperm DNA 
Damage

Many studies using different methods of sperm DNA assess-
ment in different patient populations have produced a variety 
of results. Although some studies have reported either only a 
weak or no correlation between the conventional semen 
parameters and sperm DNA damage, most indicate that sper-
matozoa from patients with abnormal sperm count, morphol-
ogy, and motility have increased levels of DNA damage. It is 
clear that semen analysis and DNA evaluation measure dif-
ferent aspects of the spermatozoa’s fertilizing capacity [18].

Table 30.2 Relationship of DNA fragmentation to age

Age
Group I£30
(n = 322)

Group II. 
>30 to £35
(n = 1456)

Group III 
>35 to £40
(n = 1635)

Group IV 
>40 to £45
(n = 844)

Group V 
>45 to £50
(n = 269)

Group VI 
>50
(n = 129)

DFI 15.2 ± 10* 17.1 ± 10.6* 18.7 ± 12.2* 22.2 ± 13.7* 26.1 ± 16.1* 33.9 ± 18.2

Note: *P < 0.05
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Significant correlation to sperm motility only was reported 
in the studies of sperm donor [127] and infertility patients 
[83] when SCSA was employed. Similar results involving 
comparable DNA damage assessment (DFI) were reported 
by others, with significant correlations observed between 
DFI and motility and normal morphology [128]; as well as 
concentration, motility and normal morphology [129–131]. 
However, others have reported no relationship between DNA 
damage assessed by SCSA and semen parameters [20, 79].

In a study of 1,230 unselected nonazoospermic patients 
presenting to our laboratory for infertility evaluation and 
DNA integrity assessment, DFI was significantly corre-
lated to sperm concentration, motility, normal morphology 
and vitality [66]. By now, we have doubled the number of 
analyzed subjects and can confirm our privies report 
(Table 30.3).

TUNEL assay was also reported to correlate to semen 
parameters. Sperm DNA fragmentation rates assessed by 
TUNEL assay were significantly higher in patients with 
abnormal sperm parameters than in those with normal param-
eters [132]. In another study, increased DNA fragmentation 
was associated with a decrease in sperm concentration and 
motility [48]. Other TUNEL studies reported significant cor-
relations to concentration only [18]; morphology only [26], 
motility and morphology [63, 133]; concentration, motility 
and normal morphology [90, 134]. However, others have 
reported no correlation between TUNEL assessments and 
standard semen parameters [135].

Taking into account that DNA damage may occur at either 
the testicular or post-testicular level, it is understandable that 
studies using different methods of DNA assessment would 
have found various correlation levels with the standard semen 
parameters [46]. The differences could also be explained by 
the origin of the DNA damage: in patients with failure to repair 

DNA breaks during spermatogenesis, changes would likely be 
related to abnormal spermatogenesis and present as oligozoo-
spermia or teratozoospermia. However, if the sperm DNA 
damage was mostly due to oxidative damage, the changes 
would most likely present in the form of asthenozoospermia. 
Abnormal spermatogenesis would lead to the presence in the 
ejaculate of spermatozoa with altered maturation, defective 
chromatin packaging and condensation, which would be more 
susceptible to ROS induced damage [136].

30.5.3  Natural Conception and Sperm DNA 
Damage

Several studies, using a variety of detection techniques, have 
shown significant differences in sperm DNA damage levels 
between fertile and infertile men [18, 19, 48]. In a study 
involving patients attempting natural conception, the proba-
bility of fertilization was close to zero in patients with 
DFI > 30% [137]. This was confirmed by a later study, as 
patients with DFI lower than 40% had a ten times better 
chance of achieving pregnancy than subjects with higher lev-
els of DNA damage [17].

30.5.4  ART and Sperm DNA Damage

While demand for ART treatment, which includes both 
in vitro (IUI) and in vivo (IVF, ICSI) procedures, is increas-
ing every year, the overall live birth rates following this type 
of treatment remains below 30% [137]. Many studies have 
attempted to predict the utility of selected semen parameters 

Table 30.3 Relationship of DNA fragmentation to semen parameter

Parameter Means ± SD (n = 2,451) R value P value

Volume (mL)  2.9 ± 1.5  0.003 NS
Concentration (sperma/mL)  63.7 ± 58.9 −0.220 <0.01
Motile Concentration (sperma/mL)  24.5 ± 30.17 −0.414 <0.01
Motility (%)  31.9 ± 16.6 −0.627 <0.01
Linearityb  60.1 ± 12.4 −0.154 <0.01
VSL (µm/s)b  45.1 ± 12.2 −0.392 <0.01
VCL (µm/s)b  75.3 ± 22.6 −0.379 <0.01
ALH (µm)b  3.0 ± 0.9 −0.167 <0.01
Normal Morphology (%)c  22.1 ± 12.0 −0.450 <0.01
Vitality (%)d  70.8 ± 13.1 −0.695 <0.01
NS not significant, VSL Curvilinear velocity, VCL Straight-line velocity, ALH Amplitude 
of lateral head displacement
a Number of sperm × 106

b Number of subjects: 2,414
c Number of subjects: 2,379
d Number of subjects: 1,942
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and tests of sperm function, but it is not clear which tests have 
the most prognostic or diagnostic value for ART procedures 
[7, 9]. Several studies have suggested that the standard semen 
parameters have low prognostic value in predicting ART out-
comes [4, 5]. Maternal age, related to oocyte quality, is the 
only established prognostic factor for ART outcome [138].

Interest in the use of DNA integrity as a predictor of fertil-
ity potential is increasing [16, 17], as clear differences in the 
levels of sperm DNA damage have been observed between 
fertile and infertile men [18, 19, 48, 139]. Normal sperm 
DNA structure is essential for correct transmission of the 
paternal genome. It has been reported that one third of patient 
seeking ART have high rates of DNA damage [83]. In labo-
ratory, we have evaluated 4,655 patients presenting for fertil-
ity investigation, which included both fertile and infertile 
subjects; DFI ranged from 2.2 to 97.8% (19.4% ± 12.8), in 
720 patients (15%) DFI was above 30%.

30.5.4.1  IUI and Sperm DNA Damage

The results of several IUI studies have shown similarities 
to the studies of natural conception and the effect of DNA 
damage. The chance of fertilization by IUI is very low if 
DFI reaches 30% [131]. Bungum and coworkers found 
that in couples undergoing IUI, the chance of live birth 
was 8.7 times more likely if the male partner had a 
DFI £ 27% [83]. The significant correlation between DFI 
and IUI was confirmed by the same group in a larger study 
of 387 IUI cycles [23]. A meta-analysis of four studies 
indicated that patients were 7.1 times more likely to 
achieve a pregnancy or delivery in vivo after IUI proce-
dures with DFI < 30% [80].

Good correlation between TUNEL assay and IUI was 
also reported, when semen samples containing 12% sperm 
with fragmented DNA were used for insemination; no preg-
nancies were achieved [21].

30.5.4.2  IVF/ICSI and Sperm DNA Damage

Fertilization and Embryo Development

While high sperm DNA damage for patients with natural 
conception or IUI is clearly related to pregnancy odds, the 
results of ART involving in vitro fertilization techniques, 
such as IVF and ICSI, are controversial. While a few studies 
have identified a good correlation between fertilization rates 
and DNA damage [53, 131], a majority of them have reported 
no clear correlation between sperm DNA damage and fertil-
ization rates using a variety of assessment techniques such as 
SCSA [140, 141]; TUNEL assay [90, 91], and Comet assay 
[24, 98]. The lack of correlation between fertilization rates 

and DNA damage is not surprising since maternal regulation 
is responsible for early embryo cleavage with the paternal 
effect starting after the second cleavage division [8]. In a 
study by Tesarik and coworkers [25], high DNA damage was 
associated with repeated ART treatment failures even when 
normal early embryo morphology was present. These results 
were similar to other studies; sperm DNA damage was nega-
tively correlated to embryo quality in IVF only [142], and 
IVF and ICSI cycles [131]. Significant correlation between 
sperm DNA damage and blastocyst development has been 
reported [143]. Virro et al. showed that men with DFI > 30% 
were at risk of low blastocyst formation rates when IVF or 
ICSI were performed [141].

Pregnancies

Several studies employing SCSA have reported a strong cor-
relation of high DFI and IVF treatment outcome, with no 
pregnancies achieved when DFI reaches 27–30% [77, 79]. A 
recent meta-analysis of six studies using IVF or ICSI proce-
dures confirmed this report; patients were 1.8 times more 
likely to achieve a pregnancy or delivery if the DFI was 
<30% [80]. Virro et al. using the same DNA damage assess-
ment showed that men with DFI > 30% had no ongoing preg-
nancies following IVF or ICSI [141]. In contrast, others have 
reported no differences in SCSA parameters between patients 
with or without pregnancies in IVF and ICSI cycles [140]. 
Successful pregnancies in IVF/ICSI cycles can even be 
obtained using semen samples with a high proportion of 
DNA damage [23, 144, 145].

Other studies using different methods to assess DNA 
fragmentation have examined the relationship of DNA status 
and pregnancies following both IVF and ICSI. Some studies 
have shown that abnormal TUNEL results predict the out-
come of IVF and ICSI [54, 90]. No pregnancies were 
achieved when DNA damage was more than 20% for ICSI 
cycles [90]. Henkel and colleague, using TUNEL, reported a 
higher threshold for DNA damage with 36.5% for IVF and 
24.3% for ICSI [91]. Lewis et al. also reported a close rela-
tionship between DNA damage assessed by the Comet assay 
and pregnancies in ICSI cycles [98].

The value of sperm DNA fragmentation tests in predicting 
pregnancy rates may be different in IVF and ICSI treatments. 
It appears that the predictive value of DNA assessment is 
decreased in ICSI compared to IVF [23, 83, 144]. This may 
be partially explained by the etiology of the infertility as it has 
been shown that the highest level of DNA damage is usually 
found in patients with severe semen abnormalities, for whom, 
ICSI treatment would be the treatment of choice [18, 24, 90]. 
Patients referred for ICSI would mostly represent the male 
infertility group, whereas in an IVF group, female factor 
might predominate. It has also been suggested that the effect 
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of DNA damage may be related to the ability of the oocyte to 
repair such damage and to the extent of the damage in a par-
ticular spermatozoon [140]. The difference in predictive value 
in IVF and ICSI treatment may also relate to the type of assay 
being used as well as the nature of DNA damage. For TUNEL 
and Comet assays, the predictive value appears to be stronger 
in ICSI patients compared with IVF [24, 90]. This is not true 
for SCSA as this assay identifies susceptibility to acid-induced 
DNA denaturation of spermatozoa [146].

Since ICSI bypasses all means of natural selection of 
sperm by the oocyte, it is interesting that some observed bet-
ter results with ICSI than IVF in patients with high DFI [20, 
144]. Bungum et al. found significantly better results with 
ICSI than with routine IVF in patients with DFI > 27%. In a 
study including 223 IVF and 388 ICSI cycles, the same group 
found better pregnancy results for ICSI treatment than for 
IVF when DFI was >30% [23]. The results may be explained, 
in part, by technical differences between the two procedures 
as well as by different culture conditions, as spermatozoa 
injected into oocytes usually has a shorter incubation time 
during which it may be exposed to ROS [144].

Host and colleagues suggested that technical differences 
in ICSI may influence the relationship to DNA integrity as 
attempts are usually made to choose spermatozoa with nor-
mal morphology. This might be one of the reasons for the 
reduced predictive value of SCSA in ICSI [147].

Miscarriage and Spontaneous Abortion

The low correlation between sperm DNA damage and fertil-
ization rates indicates that genetically damaged spermatozoa 
may be able to fertilize an oocyte and lead to adverse effects 
on the health of the embryo and fetus [23, 26, 137, 140, 141, 
148]. Several studies have examined the relationship between 
sperm DNA damage and rates of spontaneous abortion. In a 
study by Gandini and associates, sperm DNA damage >30% 
assessed by SCSA was associated with increased miscar-
riage rates [140]. In another study, almost 40% of miscar-
riages were related to a DFI > 30% [137]. Others have 
reported a higher rate of spontaneous abortions at 12 weeks 
of gestation in those with DFI > 30% [141]. In contrast, 
Bungum and coworkers showed no statistically significant 
association between high DFI and early pregnancy loss when 
DFI was >30%, however, they could not exclude the fact that 
DFI levels >60% were associated with a higher risk of early 
pregnancy loss [23].

Using TUNEL assay, repeat pregnancy loss patients had 
higher DNA damage in comparison to the general population 
(22% vs.11%) [26]. The close link between sperm DNA 
fragmentation assessed by TUNEL and pregnancy loss was 
also observed with ICSI treatment; 62.5% of miscarriages 
were reported in the group with high DNA damage compared 

to no miscarriages in the group with low DNA damage. 
However, this correlation was not confirmed in IVF cycles in 
the same study [148].

The oocyte has the capacity to repair DNA damage to 
some extent; however, this process could be incomplete or 
unsuitable due to oocyte’s defective repair mechanisms, and 
also due to advanced maternal age [8, 138]. The correlation 
between sperm DNA damage and pregnancy loss also related 
to paternal genome anomalies blocking the correct embryo 
development [148]. It was also suggested that, since the IGF2 
gene present in human spermatozoa is involved in the forma-
tion of the placenta, impairment of this gene by DNA dam-
age would increase the risk of early pregnancy loss [149].

30.5.5  Effect of DNA Quality on Offspring

A major area of concern is the effect of sperm DNA damage 
on the fetus and offspring [11, 12]. With the increasing use of 
ICSI, which bypasses normal egg–sperm interactions and 
allows even very low quality sperm to initiate a successful 
pregnancy, the negative effect of the DNA damage may pres-
ent more frequently and more severely [10–15]. In these situ-
ations, the extent of DNA damage with its promutagenic 
effect may overpower the oocyte’s capacity to repair the DNA 
damage. This will increase the risk of mutations after fertil-
ization, as the oocyte attempts to repair the DNA damage and 
escalate the chance of imprinting disorders [150]. Two thirds 
of the of 25 studies included in a recent meta-analysis revealed 
a 25% or greater increase in risk of birth defects in infants 
conceived through IVF and/or ICSI compared with naturally 
conceived children [151]. The link between ART and the 
birth of children exhibiting diseases may be due to defects in 
the pattern of DNA methylation leading to imprinting disor-
ders and some epigenetic errors [152].

There is a four to five time increased risk of childhood can-
cer in the offspring of men with a high proportion of sperm 
DNA fragmentation caused by extensive smoking [153]. 
Another possible consequence of sperm DNA damage is infer-
tility in the form of Y chromosome microdeletions. These 
deletions arise de novo in the germ line of the infertile male’s 
father and likely due to the fact that the Y chromosome con-
tains a high number of repetitive DNA sequences that are tar-
gets for homologous intrachromosomal recombination [150].

30.6  Reduction of Sperm DNA Damage

In the light of findings regarding the impact of sperm DNA frag-
mentation on embryonic development, implantation and risk of 
recurrent miscarriages, as well as the health of offspring, 
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several strategies have been recommended to reduce damage. 
Recently, some positive progress has been made in the manage-
ment of patients with high sperm DNA damage.

30.6.1  Oral Antioxidants

Antioxidants present in seminal plasma may control ROS 
generation to some degree, but the production of excessive 
amounts of ROS may overcome the antioxidant protective 
activities of seminal plasma leading to oxidative stress 
[67, 68]. Many antioxidants play an important role in vari-
ous biological processes: enzyme production, DNA syn-
thesis, testicular development and sperm maturation are 
microelement and vitamin dependent [154]. The protec-
tive effect of several antioxidants on sperm DNA integrity 
has been reported both in in vitro studies and in patients 
with moderately elevated DNA damage [155–157]. Greco 
and colleagues reported a decrease in DNA damage in 
76% of patients with moderately increased DNA fragmen-
tation (³15%) after oral treatment with vitamins C and E 
[156]. Siver and associates were unable to demonstrate a 
beneficial effect of high antioxidant intake (vitamins C, E, 
beta-carotene) on sperm chromatin integrity in men with 
infertility [158]. The same group, however, reported a 
beneficial effect of higher antioxidant consumption on 
sperm concentration and motility in the same patient pop-
ulation [159]. The differences in the effects of antioxidant 
treatment among studies are likely related to the type, dos-
age and duration of the treatment as well as to differences 
in patient populations and different nature of DNA dam-
age [155]. Antioxidant therapy would only be of benefit to 
patients whose DNA damage is due, primarily, to oxida-
tive stress [160]. The variation in response may also be 
related to individual differences in nutrient absorption and 
metabolism of the antioxidants [158], as well as to failure 
of the antioxidant system or enzyme production in some 
patients [161]. Multiple antioxidants acting through dif-
ferent mechanisms on diverse free radicals have been sug-
gested as a therapeutic approach in the treatment of male 
infertility [155].

30.6.2  Sperm Separation

A single ejaculate is heterogeneous in terms of semen and 
DNA quality. Several methods designed to separate superior 
spermatozoa have been recommended. Some of these meth-
ods are used routinely in the preparation of ejaculate prior to 
ART treatment; both swim-up and density gradient centrifu-
gation methods were evaluated for DNA damage. The swim-up 

procedure was shown to better eliminate defective spermato-
zoa. DFI dropped from 12 to 5.5% after swim-up [140], 
however, in a different study, gradient density preparation 
also showed a decrease in DFI from 28 to 24% after treatment 
[142]. It has been suggested that the elevated SCSA values in 
neat spermatozoa reflect chromatin abnormalities within the 
entire sperm population that may not be eliminated by sperm 
preparation techniques [137].

Several novel techniques to separate “best” spermatozoa 
have been introduced. One of these is the separation of sper-
matozoa by magnetic-activated cell sorting (MACS). The 
technique is based on the spermatozoa’s ability to express 
the apoptotic marker of phosphatidylserine, which would 
bind to Annexin-V-conjugated micro-beads and separated by 
a magnetic field into Annexin-V positive and negative frac-
tions [162]. While the nonapoptotic sperm fraction contains 
morphologically normal spermatozoa, no assessment of it 
DNA content has been yet reported [163].

Another new method is the electrophoretic separation 
of sperm. The method is based on the observation that 
mature spermatozoa are more electronegative due to nega-
tively charged glycocalyx rich in sialic acid residues. 
Sperm are separated by traveling toward the positively 
charged cathode and away from the negatively charged 
anode [164]. It has been shown that electrophoretically 
isolated spermatozoa have low DNA damage revealed by 
TUNEL assay. The first pregnancy and normal birth after 
ICSI using electrophoretically isolated spermatozoa has 
been reported [165].

30.6.3  High-Magnification ICSI

ICSI with spermatozoa selected through the use of a high-
magnification digitally enhanced optical system allowing 
×6,600 magnification been reported [164]. This magnifi-
cation reveals intranuclear vacuoles possibly associated 
with alterations in chromatin packaging [166]. ICSI per-
formed by this system has been shown to significantly 
increase pregnancy rates compared with conventional 
ICSI in patients with both high and low sperm DNA frag-
mentation [167].

30.6.4  ICSI with Testicular Spermatozoa

It has been suggested that some sperm DNA damage may 
occur in the epididymis where exposure of the sperm to 
ROS is longer in duration [91]. Retrieval of testicular sper-
matozoa, which generally has lower levels of DNA  damage, 
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has been suggested for patients with markedly increased 
DNA damage [168]. The reproductive outcome of ICSI 
using ejaculated and testicular spermatozoa in 18 patients 
was compared. The pregnancy rate using testicular sperma-
tozoa was 44% vs. 6% using ejaculated spermatozoa and 
the implantation rate was 22% vs. 2% or one pregnancy, 
which spontaneously aborted. In contrast, a meta-analysis 
of several studies could not find any differences in the out-
comes of ICSI when epididymal, testicular and neat sper-
matozoa were compared [169].

30.7  Conclusions

While data regarding sperm DNA damage is somewhat con-
flicting, some clinical results have been confirmed by several 
research groups and should be considered in the manage-

ment of infertility patients. An evaluation/treatment algo-
rithm, for the use of sperm chromatin assessment in male 
infertility, is presented in Fig. 30.1.
The recommendations must be assessed in the context of the 
couple’s fertility history and other clinical parameters as 
sperm DNA damage has only a relative and not absolute 
clinical value.

1. Reliable, robust, clinically proven assays have to be 
employed in the evaluation of sperm DNA damage. SCSA 
or DNA Integrity Assay are good examples of such assays 
with accumulated clinical data supported by clinical cut-
off levels.

 2. Sperm DNA damage is relatively common in infertile 
males, especially in men with disordered spermatogenesis 
characterized by severely abnormal semen parameters. 
However, since the relationship between standard semen 
parameters and DNA damage is not strong, sperm DNA

Fig. 30.1 Evaluation/treatment algorithm for the use of sperm chromatin assessment in male infertility Note: * Based on value of clinical cut-off 
levels for DFI 
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  assessment should be recommended for patients with 
abnormal semen parameters as well as for normozoo-
spermic patients as part of the investigation of male 
infertility.

 3. Assessment of sperm DNA damage in patients with 
idiopathic infertility may clarify the cause of infertility.

 4. Sperm DNA assessment should be offered to patients 
undergoing infertility evaluation or treatment with a his-
tory of smoking and drug use, exposure to environmen-
tal and occupational toxins, as well as in patients with 
varicoceles, history of testicular trauma and cancer 
patients, as all will have a negative effect on sperm DNA 
damage.

 5. There is a strong correlation between male age and 
sperm DNA damage. This is of particular concern as 
older men tend to reproduce with older women. Age 
related diminished capacity of the oocyte to repair DNA 
damage must also be considered. DNA assessment 
should be included in the fertility evaluation of men over 
40 years of age.

 6. Sperm DNA damage has been established as a good pre-
dictor of negative pregnancy outcomes in patients with 
natural conception. DNA assessment should be offered 
to patients planning a first pregnancy.

 7. Sperm DNA damage has been established as a good pre-
dictor of negative pregnancy outcomes in patients under-
going IUI treatment. Normally, several IUI cycles would 
be offered to the couple; however, if high sperm DNA 
damage is present, IVF or ICSI treatment should be 
recommended.

 8. DNA assessment should be offered to couples undergo-
ing IVF or ICSI even though it offers only a moderate 
prediction of pregnancy outcome. Several reports indi-
cate that ICSI would be preferable to IVF as better preg-
nancy results were achieved in patients with high DNA 
damage with ICSI.

 9. Although the impact of DNA damage on fertilization is 
probably small, the negative effect on embryo develop-
ment and the fetus could be severe. Patients with a his-
tory of failed implantation after ART, miscarriages and 
spontaneous abortions should be evaluated to exclude a 
contribution of the paternal genome.

 10. In patients with known elevated DNA damage, oral anti-
oxidant therapy could be offered for 2–3 months prior to 
the ART treatment, as a beneficial effect of oral antioxi-
dants has been shown on sperm DNA damage and ART 
outcomes.

 11. Several novel methods designed to isolate spermatozoa 
with normal DNA have been recommended including 
MACS, electrophoretic spermatozoa separation, and 
high-magnification ICSI. However, further evaluation 
and confirmation is necessary before these are intro-
duced into general practice.

 12. In cases where all efforts to reduce sperm DNA damage 
have failed, ICSI with testicular spermatozoa should be 
considered.

 13. ART treatment in general and ICSI in particular bypasses 
the natural selection of spermatozoa and increases the 
chance of introducing unbalanced or damaged DNA 
into the oocyte. Because the treatment might influence 
the health of the fetus and offspring, monitoring of the 
risk of using potentially damaged spermatozoa is neces-
sary and development of specific screening tests is 
essential.

 14. Properly designed research studies and specifically ran-
domized controlled trials are necessary to obtained 
deeper clinical evidence and to satisfy demanding inter-
est for evidence-based guidelines of the management of 
patient with elevated DNA damage.
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Abstract Artificial insemination has been used to treat 
infertility since the eighteenth century, and continues to be 
commonly performed. This chapter explores the medical 
indications for use of artificial insemination and provides 
evidence-based recommendations for therapeutic use.

Keywords Artificial insemination • Controlled ovarian 
hyperstimulation • Gonadotropins • Intrauterine insemination 
• Clomiphene citrate

31.1  Introduction

In couples with unexplained subfertility, cervical factor sub-
fertility and male subfertility intrauterine insemination (IUI) 
is often the first step in the treatment cascade. IUI is easy to 
perform, inexpensive, and a minor burden to the couples. For 
these reasons, it is probably the most frequently performed 
treatment in daily fertility practice. In an IUI cycle, semen is 
processed in the laboratory and the motile spermatozoa are 
concentrated in a small volume. This is inseminated directly 
into the uterine cavity. Thus, the quintessence of IUI is based 
on three steps. Firstly, semen processing based on the theory 
that by this process the number of motile sperms is increased 
at the site of fertilization. Secondly, bypassing the possibly 
“hostile” cervical mucus and bringing the semen in closer 
proximity of the oocyte. Thirdly, optimizing the timing by 
monitoring or inducing ovulation. All these steps should 
theoretically increase the probability of conception, espe-
cially in the case of compromised semen parameters.

Intrauterine insemination can be performed with or with-
out controlled ovarian hyperstimulation. The aim of con-
trolled ovarian hyperstimulation is to correct subtle cycle 
disorders, to increase the number of available oocytes for fer-
tilization and to improve the timing of insemination.

In this chapter, we will give an overview of the history of 
IUI, various treatment modalities, and the effectiveness of 
IUI. We will also discuss the occurrence of multiple preg-
nancy after IUI, patients’ preferences, and we will make a 
plea for the use of prognostic models.

31.2  History

Insemination with semen of the partner developed from vagi-
nal insemination via intracervical insemination to intrauter-
ine insemination. The first homologous insemination was 
described in the mid fifteenth century by the French doctor 
de Villeneuve. His patient was the second wife of King Henry 
IV of Castile. King Henry had divorced his first wife on the 
grounds that their marriage had never been consummated. 
With his second wife, he continued his desperate efforts 
and even tried insemination [1, 2]. A German physician, 
Hieronymus Munzer, who examined the king, later wrote 
that he could not have an erection [3]. Retrospective analysis 
from chronicles and manuscripts seem to show that King 
Henry was suffering from hypogonadism or a pituitary tumor 
and was probably sterile [4]. Around 1550, Bartholomeus 
Eustachius advised a woman to bring the semen up with her 
finger after intercourse [2].

The first scientifically described homologous insemina-
tion was performed in London by the Scottish physiologist 
and surgeon, John Hunter in 1790 [5]. He advised a man with 
severe perineal hypospadias to collect his semen directly 
after coitus in a syringe and to introduce it into the vagina of 
his wife, while the female organs were still under the influ-
ence of the coitus, and in the proper state for accepting the 
semen. The woman conceived after this procedure. Numerous 
scientific reports have since then been published disclosing 
that between 1850 and 1900 artificial insemination was prac-
tised by medical experts in France, England, Germany and 
the United States [2]. Initially, insemination techniques were 
rather curious, and the success rates of the treatment were 
amazingly high. Homologous insemination was practised in 
France by Girault as early as 1838, and appeared to be 

P. Steures (*), B.W.J. Mol, and F. van der Veen 
Centre for Reproductive Medicine, Academic Medical Centre, 
Amsterdam, The Netherlands 
e-mail: pn.steures@amc.uva.nl

Chapter 31
Artificial Insemination: Intrauterine Insemination

Pieternel Steures, Ben W.J. Mol, and Fulco van der Veen

D.T. Carrell and C.M. Peterson (eds.), Reproductive Endocrinology and Infertility: Integrating Modern Clinical and Laboratory Practice, 
DOI 10.1007/978-1-4419-1436-1_31, © Springer Science+Business Media, LLC 2010



488 P. Steures et al.

successful in eight out of ten cases [2]. The technique 
described the manual introduction of a probe filled with hus-
band’s semen through the cervical canal and emptying it by 
blowing. Gigon, a surgeon in Paris in 1848, guided a rubber 
tube into the cervical canal and let the husband empty a 
semen filled glass syringe through it. At this time, there was 
no knowledge about the need of an ovum for fertilization, the 
existence of an ovulation, or about the time of ovulation. The 
time chosen for this procedure by both French authors was 
shortly after the end of the menstrual period, probably in the 
mid follicular phase which would be too early for ovulation, 
but Gigon repeated the insemination 5 days later.

Intrauterine insemination was generally favored over vag-
inal insemination as it was considered to be more efficacious 
[6]. Between 1900 and World War II a small number of sci-
entific reports were published about homologous insemina-
tions. In that period, scientific interest shifted to artificial 
insemination with donor semen. Methods of freezing and 
thawing sperm were developed. In World War II, homolo-
gous semen was also frozen to inseminate spouses at home; 
the so called “distance indication” [5]. After World War II 
most studies dealt with fine tuning of the technical aspects of 
IUI. For instance, it had been observed that spermatozoa in 
the first part of the ejaculate were more vigorous and moved 
in a more progressive manner than those in the second part. 
To assess the results of insemination of partitioned ejacu-
lates, a study was performed which concluded that separa-
tion of the ejaculate into two portions and introduction of the 
best portion appeared to be useful in IUI [7]. A second study 
assessed the results after the insemination of isolated motile 
sperm into the uterine cavity [8].

The first publication of a randomized clinical trial of intra-
uterine insemination was in 1984, and it dealt with men with 
poor semen quality [9]. Since then, many randomized clinical 
trials that addressed the effectiveness of IUI were performed. 
From 1996 onwards, guidelines on IUI were developed. In 
these clinical guidelines, IUI with or without controlled ovar-
ian hyperstimulation (COH) was recommended as treatment 
of first choice for couples with unexplained subfertility, cervi-
cal factor and male subfertility [10–13].

31.3  Techniques of Intrauterine 
Insemination

There is a wide variation in the practice of performing IUI. 
This variation is due to the fact that an IUI cycle is a cascade 
of interventions with several modifications of manipulating 
the normal menstrual cycle, i.e., ovarian hyperstimulation, 
use of GnRH analogs, monitoring of the follicular growth, 
and timing and/or induction of the ovulation. These interven-
tions in the follicular phase are then followed by techniques 

in the second phase of the IUI cycle, i.e., semen preparation, 
timing of insemination, number of inseminations per cycle 
and bed rest or not after insemination, which may also vary 
considerably from center to center. We will discuss these 
treatment modalities in the following paragraphs.

31.3.1  Controlled Ovarian Hyperstimulation

Intrauterine insemination can be performed in a natural cycle 
or can be combined with controlled ovarian hyperstimula-
tion. The two most frequently used drugs are clomiphene 
citrate and gonadotropins.

31.3.1.1  Clomiphene Citrate

Clomiphene citrate (Clomid, Serophene) is used extensively. 
It is cheap (€ 0.46 per tablet, 50 mg), easy to use and effec-
tive. Clomiphene citrate blocks the estrogen receptors of the 
hypothalamus. This altered feedback information causes the 
hypothalamus to make and release more gonadotropin releas-
ing hormone (GnRH), which in turn causes the pituitary to 
make and release more FSH and LH. Clomiphene citrate is 
taken orally for approximately 5 days early in the menstrual 
cycle. Protocols include early start from cycle day 3 or as late 
as from cycle day 5. For IUI, mostly two tablets (100 mg) are 
given per day.

Clomiphene citrate is generally very well tolerated. Some 
side effects are relatively common, i.e., vasomotor flushes, 
mood swings, and nausea, but they are rarely persistent or 
severe enough to threaten the completion of the 5-day course 
or next cycle of treatment [14]. Limited endometrial prolif-
eration has been observed in some women treated with clo-
miphene citrate [15], but the effect is minor or not at all 
evident in the large majority of women [16–18]. Although 
some studies have suggested that fecundity may relate to 
endometrial thickness, others have failed to demonstrate any 
significant correlation [14]. Two epidemiological studies 
published in the last decade suggested that the risk of ovarian 
cancer might be significantly increased in women exposed to 
clomiphene citrate [19, 20], but subsequent studies have 
failed to corroborate those findings [21–24]. The authors of a 
recent pooled analysis of eight case-control studies con-
cluded that neither fertility drug use (odds ratio (OR): 1.60, 
95% CI 0.90–2.87) nor use for more than 12 months was 
associated with ovarian cancer (OR: 1.54, 95% CI 0.45–5.27) 
[25]. Although the confidence intervals are not significant, 
these point estimates should in our view not be taken too 
lightly and more studies, preferably large cohort studies, are 
needed. In any case, prolonged treatment with clomiphene 
citrate is generally futile and should therefore be avoided.
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31.3.1.2  Gonadotropins

The gonadotropins Follicle Stimulating Hormone (FSH) and 
Luteinizing Hormone (LH) are released under the control of 
gonadotropin-releasing hormone (GnRH) produced in the 
hypothalamus. FSH directly affects the production and matu-
ration of follicles by stimulating the granulosa cells of ovar-
ian follicles. LH stimulates the thecal cells to produce 
testosterone (and indirectly estradiol), and an LH surge is 
obligatory for the rupture of the dominant follicle. The first 
FSH preparation used in fertility practice was extracted from 
postmenopausal urine (human menopausal gonadotropin, 
hMG). Although the extraction and purification of hMG had 
been developed in Italy in the late 1940s, clinical interest in 
gonadotropins did not grow until 1960, when the first hMG-
assisted human birth was reported [26]. Improvements in 
purification techniques led to increasing relative amounts of 
the active ingredients and the first urine-derived preparation 
containing only urinary FSH (uFSH) became available in 
1983 [27]. The large quantities of urine required and the mas-
sive increase in worldwide demand for FSH for fertility treat-
ment put pressure on production and availability. In the 1990s, 
recombinant DNA technology led to the development and 
clinical introduction of human recombinant FSH (rFSH).

Meta-analysis of data from three studies in a total of 132 
couples showed a non significant difference in favour of hMG 
above FSH on the effectiveness of IUI (OR 2.2, 95% CI 0.91–
5.1). This benefit of hMG compared to rFSH has also been 
seen in a meta-analysis of seven randomized trials, consisting 
of a total of 2159 women in IVF. [28]. This review showed a 
significant increase in live birth rate for hMG (relative risk, 
RR = 1.2, 95% CI 1.0–1.4). The reason that the data in IUI do 
not reach significance that might be due to the scarcity of data 
on this comparison in IUI and the lower pregnancy chances 
after IUI, which makes the number needed to find a difference 
between these stimulation protocols even larger [29].

FSH is taken by subcutaneous injections daily, usually by 
the woman herself. Because of the individual variety of the 
follicular response, it is prudent to begin with a low starting 
dose like 50–75 IE per day. If this dosage does not lead to 
multifollicular growth, the dose can be increased in the next 
cycle. FSH injections are started on cycle day 3, 4 or 5 and 
continued until a dominant follicle of at least 18 mm in diam-
eter has developed.

Different dosage regimens for gonadotropins have been 
described, ranging from 75 IE to 150 IE daily or alternating 
schemes, but data on effectiveness are limited. A meta-analysis 
of these dosage regimens was based on small numbers of 
patients in only two studies and showed that doubling the 
daily dose of gonadotropins per day from 75 IU to 150 IU 
did not improve pregnancy rates (OR 1.2, 95% CI 0.69–1.9), 
but tended to increase the risk of achieving a multiple preg-
nancy (OR 3.4, 95% CI 0.46–25) [29].

No side-effects are known other than irritation at the side of 
injection [30]. The theoretical longterm risk of transmission of 
prion proteins from urine in hMG is still a debate. Although 
infections by urine prions has never been identified in its 40 
years of use, some advise against the use of hMG [31], whereas 
others consider the risk to be minimal and no reason to pre-
scribe recombinant preparations over urinary ones [32].

Two randomized studies showed that in couples with unex-
plained subfertility or male subfertility there is no difference in 
the effectiveness of IUI after ovarian hyperstimulation with clo-
miphene citrate compared to the use of follicle stimulating hor-
mone (Relative risk of 1.1, confidence interval 0.51 to 2.3) [33].

31.3.2  Analogs

Gonadotropin-Releasing Hormone (Gn-RH) stimulates the 
pituitary gland, thereby causing secretion of FSH and LH. 
After the discovery of the amino acid sequence of GnRH in 
1967, several synthetic gonadotropin releasing agonists and 
antagonists were developed to control pituitary FSH and LH 
secretion. The GnRH agonists induce FSH and LH release 
after binding, but under continuous administration they 
induce pituitary desensitization by a mechanism still far from 
understood, leading to strong suppression of LH and to a 
lesser extent of FSH. In the 1980s, the first reports were pub-
lished using GnRH agonists in IVF to suppress FSH and LH 
and to prevent premature LH surges [34]. It took nearly 10 
more years to develop GnRH antagonists, agents which are 
able to suppress gonadotropin release directly by competi-
tive receptor binding [35]. The effectiveness of these ago-
nists or antagonists in preventing a premature LH surge and 
thereby increasing pregnancy rates has been proven in 
in vitro fertilization [35, 36]. The interest for the use of 
GnRH-agonists or -antagonists in IUI cycles with ovarian 
hyperstimulation was kindled after the finding of premature 
LH surges, which were thought to interfere with adequate 
timing of IUI [37]. However, meta-analysis of four studies 
with in a total of 391 couples showed no benefit of the addi-
tion of agonists compared to gonadotropins alone (OR 0.98, 
95% CI 0.60–1.6) [29]. Three studies compared the addition 
of an antagonist to gonadotropins alone and also did not find 
a significant beneficial effect (OR 1.5, 95% CI 0.83–2.8).

31.3.3  Monitoring, Timing, and/or Induction 
of Ovulation

In IUI cycles without ovarian hyperstimulation, monitoring 
of the follicle growth by sonography is usually considered a 
matter of taste. In IUI cycles with ovarian hyperstimulation, 
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the follicular growth is always monitored by sonography, 
since uncontrolled multifollicular growth may lead to (high 
order) multiple pregnancies.

For the detection of ovulation, either LH-surge tests can 
be used or ovulation can be induced by human chorionic 
gonadotropin (hCG). A meta-analysis of three trials that 
compared hCG administration with LH monitoring in cou-
ples undergoing IUI for male subfertility showed clinical 
pregnancy rates of 10% vs. 12% per couple (OR 0.77, 95% 
CI 0.40–1.5). In couples undergoing IUI for unexplained 
subfertility the clinical pregnancy rates were 7 and 8%, 
respectively (OR 0.84, 95% CI 0.39–1.8) [38].

31.3.4  Modalities of Insemination

Various preparation processes for semen have been described 
(see Chap. 24). A wide range in the timing of the insemina-
tion is described in literature. IUI is commonly performed 
between 36 and 42 h after a positive LH surge test, but evi-
dence on the effectiveness of timing is scarce. IUI 33 or 39 h 
after the administration of hCG resulted in the same preg-
nancy results, and therefore the timing of the insemination 
may depend on local convenience of the hospital [39].

Insemination has to be performed only once per cycle, since 
a systematic review showed no difference in the effect between 
one insemination compared to two inseminations [40].

A 10-min interval of bed rest after IUI has a positive effect 
on the pregnancy rate. In a randomized trial, which compared 
immediate mobilization to supine position for 10 min after 
insemination in 95 couples, 16 couples out of 55 (29%) who 
had bed rest and four couples out of 40 (10%) couples who 
mobilized immediately became pregnant (RR:1.2, 95% CI 
1.1–2.1) [41]. This important aspect of IUI has only been 
investigated in one trial with less than 100 patients and 
deserves more attention.

31.4  Effectiveness of Intrauterine 
Insemination

Intrauterine insemination is the treatment of first choice in 
unexplained subfertility, cervical factor subfertility and male 
subfertility [10–13]. However, the question whether this 
choice is based on valid and precise effect estimates of IUI 
relative to expectant management and to other treatment 
modalities like IVF, is often overlooked. To provide evidence 
on this issue, the next paragraphs show meta-analyses after a 
systematic review of the available literature for each indica-
tion. The trials that were included in these meta-analyses 

adhered to present quality standards for design, conduct and 
report. For each indication, IUI was compared with inter-
course (expectant management) or IVF. The comparison IUI 
without controlled ovarian hyperstimulation versus IUI with 
controlled ovarian hyperstimulation was also made for the 
indications unexplained subfertility, cervical factor subfertil-
ity, and male subfertility.

31.4.1  Intrauterine Insemination  
in Unexplained Subfertility

Unexplained subfertility is defined as subfertility without 
any demonstrable cause after the basic fertility work-up.

Fourteen randomized clinical trials have reported on the 
effectiveness of IUI in couples with unexplained subfertility 
that adhered to today’s quality standards [42–55].

Twelve studies were included in a Cochrane review and 
two additional studies were published since the publication 
of this Cochrane review [45, 55, 56].

The outcomes of the meta-analysis for the various com-
parisons are summarized in Fig. 31.1.

IUI without COH was associated with higher ongoing 
pregnancy rates than expectant management and timed inter-
course with COH, but these effects were not statistically sig-
nificant with relative risks (RR) of 1.3 (95% CI 0.84–1.9) 
and 1.5 (95% CI 0.95–2.3), respectively.

IUI with COH offered no benefit over expectant manage-
ment (RR 1.0, 95% CI 0.67–1.5). In line with the comparison 
IUI with COH versus expectant management, IUI with COH 
had also no beneficial effect over timed intercourse with 
COH (RR for clinical pregnancies: 1.1 (95% CI 0.90–1.5)).

One study compared IUI versus IVF. This study did not 
show a significant beneficial effect (RR for IUI without COH 
compared to IVF: 0.60 (95% CI 0.35–1.1) and RR for IUI 
with COH compared to IVF: 0.92 (95% CI 0.58–1.5)).

The comparison IUI with COH vs. IUI without COH was 
made in four studies and showed that IUI with COH was 
significantly more effective than IUI without COH for live 
birth rates (RR 1.8, 95% CI 1.2–2.7).

31.4.2  Intrauterine Insemination in Cervical 
Factor Subfertility

Cervical factor subfertility is defined as the absence of pro-
gressive motile spermatozoa in cervical mucus of good 
quality and normal semen parameters. The rationale of 
intrauterine insemination in couples with a cervical factor 
subfertility is to bypass the “hostile” cervical mucus. 
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Although it seems logical to perform IUI in these cases, 
evidence is scarce. In a Cochrane review, five randomized 
clinical trials were reported [57–61]. These studies all com-
pared IUI without COH with timed intercourse. The quality 
of these five trials was poor, and therefore we do not include 
these studies in the meta-analyses described in these para-
graphs. Since the publication of the Cochane review, two 
new studies have been published [62, 63]. Only a trend 
towards any effectiveness of IUI in these couples is seen. 
Addition of COH did not further improve the pregnancy 
rates (Fig. 31.2). Data of IUI in comparison with IVF are 
not available. More randomized studies are needed before 
definite conclusions can be drawn.

31.4.3  Intrauterine Insemination in Male 
Subfertility

Over time, different definitions of male subfertility have been 
used with different cut-off values for sperm parameters. The 
definition for male subfertility defined by the World Health 

Organization (WHO) is semen quality below the normal 
standards, i.e., sperm concentration <20 × 106 per ml, and/or 
total motility <50% and/or normal morphology <15% and/or 
>50% anti-sperm antibodies [64]. Nine randomized clinical 
trials that adhered to today’s quality standards reported on 
the effectiveness of IUI in couples with male subfertility [44, 
49, 50, 53, 63, 65–68]. Eight studies were included in a 
Cochrane review and one additional study was published 
since the publication of this Cochrane review [63, 69]. The 
outcomes of the meta-analysis of the various comparisons 
are summarized in Fig. 31.3.

The effectiveness of IUI without COH was only investi-
gated in one study in which IUI without COH was almost 
five times more effective than timed intercourse. However, 
due to the small numbers the confidence interval is very wide 
(RR 4.5, 95% CI 0.52–39).

One study found IUI with COH equally effective as timed 
intercourse with COH in terms of live birth (RR 0.91, 95% 
CI 0.39–2.1). For the outcome clinical pregnancies, two 
more studies could be included. The summary estimate indi-
cated a beneficial effect of IUI with COH, but this was not 
statistically significant (RR 1.4, 95% CI 0.79–2.4).

Fig. 31.1 Summary of pregrancy resuts per couple for unexplained subfertility

Fig. 31.2 Summary of pregnancy results per couple for cervical factor subfertility
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Only one randomized trial compared IUI with or without 
COH with IVF. This study was already discussed in the sec-
tion on unexplained subfertility. We found no significant 
beneficial effect of any of the treatment modalities (RR for 
IUI without COH compared to IVF: 1.2 (95% CI 0.59–2.4) 
and RR for IUI with COH compared to IVF: 1.1 (95% CI 
0.52–2.3)). Most trials about IUI in male subfertility com-
pared IUI with COH to IUI without COH. COH had no addi-
tional effect in these couples (RR for live birth: 0.92 (95% CI 
0.46–1.8), RR ongoing pregnancies 1.2 (95% CI 0.88–1.8)).

In conclusion, the number of randomized trials assessing 
the effectiveness of IUI is limited and that most of these stud-
ies have small sample sizes. Overall, this results in imprecise 
effect estimates, as demonstrated by relatively large confi-
dence intervals. Only one comparison was significant in this 
meta-analysis: IUI with COH improved pregnancy rates 
compared to IUI without COH in unexplained subfertility. 
However, this data is of limited clinical value as we do not 
know whether IUI without COH is of any benefit compared 
to expectant management.

31.5  Risks of Intrauterine Insemination

Although IUI is a simple concept, the addition of COH car-
ries the risk of multiple pregnancies. Eight of the above 
described randomized trials on the effectiveness of IUI com-
pared IUI with COH to treatment without COH, be it as 
expectant management or as IUI without COH, and reported 
on multiple pregnancy rates. The multiple pregnancy rates 
after IUI with COH varied in these studies from two out of 
37 ongoing pregnancies (5.4%) [48, 55] to 10 out of 66 clini-
cal pregnancies (15%) [43, 46, 52, 53].

Besides the limited information provide by the trials, there 
are also data available on the incidence of multiple pregnan-
cies after IUI collected in the National Registries of 15 
European countries and one survey on the IUI results in The 
Netherlands [70, 71]. These reports present data on over 
50,000 IUI cycles and 20,000 IUI cycles, respectively. The 
reported percentage of twin pregnancies in the European report 
and the Dutch report were 9.9 and 9.0% per (ongoing) preg-
nancy, respectively. Even though these registrations do not 
provide a complete overview of the IUI results in Europe, this 
percentage of multiple pregnancies probably mimics reality.

It seems reasonable to assume that the probability of 
achieving a multiple pregnancy is correlated with the aggres-
siveness of the ovarian hyperstimulation and the applied can-
celation criteria (see ovarian hyperstimulation) [72]. In a 
Cochrane review on different dosage regimens, two trials 
were included [40]. In the high dosage group (gonadotro-
phins >75 IU per day) 4 multiple pregnancies out of 46 preg-
nancies (9%) were found and in the low dosage group 
(gonadotropins 75 IU or less) 1 multiple pregnancy out of 42 
pregnancies (2%) (OR 3.35, 95% CI 0.46–24.58).

Although most individual studies describe their cancel 
criteria, there are no studies on the relation of these criteria 
and multiple pregnancy rates. At the moment, it is therefore 
not possible to provide evidencebased cancel criteria in the 
prevention of multiple pregnancy.

31.6  Patients’ Preferences for Intrauterine 
Insemination

Nowadays patients’ preferences are incorporated into medi-
cal decision making. The preferences of couples suffering 

Fig. 31.3 Summary of pregnancy results per couple for male subfertility



49331 Artificial Insemination: Intrauterine Insemination

from subfertility for IUI compared to expectant management 
and to IVF have been investigated in interviews [73, 74]. In 
the interviews that compared IUI to expectant management, 
couples were offered scenarios in which the chance on a 
spontaneous pregnancy was varied against a fixed pregnancy 
chance after IUI with or without controlled ovarian hyper-
stimulation. The results showed that even when the spontane-
ous pregnancy chances are still reasonable, couples prefer IUI 
with or without controlled ovarian hyperstimulation over 
expectant management (probability of a spontaneous preg-
nancy 41 and 51% or lower, respectively). The risk of a mul-
tiple pregnancy did not affect patients’ preferences. Instead, 
77% of the couples continued IUI with controlled ovarian 
hyperstimulation even at a 100% certainty of having a multiple 
pregnancy.

For the preferences of IUI compared to IVF, the majority 
of couples prefer continuation of IUI over IVF before they 
start IUI and after three cycles of IUI. After six cycles the 
preferences shift towards IVF.

31.7  Intrauterine Insemination or Expectant 
Management

Until recently, the main emphasis in reproductive medicine 
has been on finding causal diagnoses for the couples’ subfer-
tility and to treat accordingly. In couples classified with 
unexplained subfertility, mild male subfertility, cervical fac-
tor subfertility, mild endometriosis, or one-sided tubal 
pathology such a strict causal diagnosis has not been found 
and in these couples IUI can be considered.

As IUI is a burden to couples, generates costs and bears 
the risk of multiple pregnancy, it should only be offered to 
a couple if the success rate after treatment clearly exceeds 
the probability of a spontaneous pregnancy in that couple 
[75, 76]. This implicates that the fertility work-up also has 
to include a prognostic dimension [77]. To be able to make 
adequate and reliable predictions in clinical practice, for-
mal prediction models, in which the contribution of each 
factor is quantified, were developed in the recent past.

At the moment, there are nine prediction models for spon-
taneous pregnancy, but only one model has been validated in 
an external population. This is an extremely important issue, 
because most prediction models tend to be overoptimistic 
when applied to other populations than the one in which they 
were developed [78]. This validated prediction model pre-
dicts accurately the chances of a spontaneous pregnancy 
among subfertile ovulatory couples [79, 80].

This model can be used by computer with the following 
URL: http://www.amc.nl/index.cfm?sid = 1602.

If the model predicts a low spontaneous pregnancy chance, 
IUI can be considered, but first the chance of an ongoing 
pregnancy after IUI should be calculated to determine 
whether benefit may be expected from IUI. At the moment, 
there is one IUI prediction model that has been externally 
validated and has shown to be accurate [81, 82].

By using these models and comparing the prognoses gen-
erated by the models for the couple, they can be counseled 
on an individual base. Such an approach can prevent over-
treatment, decreases the misuse of facilities and other 
resources and minimizes the risk of multiple pregnancy, 
which can be avoided by an expectant management [55].

31.8  Conclusion

Intrauterine insemination has a long history and is probably 
worldwide the most performed treatment in subfertility. 
There are various modalities in the performance of IUI as 
well as various strategies for the stimulation of the ovaries. 
However, the evidence on the effectiveness of intrauterine 
insemination is still surprisingly scarce and does not allow us 
to provide firm recommendations. Only two conclusions can 
be drawn on the effectiveness of IUI; IUI with COH improves 
pregnancy rates over IUI without COH in couples with unex-
plained subfertility and IUI with COH has not been shown to 
be effective in couples with unexplained subfertility and a 
good prognosis. Therefore, the prognosis of the couples 
should be taken into account in clinical decision making. 
This enables us to distinguish those couples who may benefit 
from treatment from those who are unlikely too. Couples 
with an intermediate to good prognosis of a treatment inde-
pendent pregnancy may be encouraged for expectant man-
agement and to postpone IUI for a while.

31.9  Cases

31.9.1  Case 1

A couple who have a wish for a second child for 3 years. The 
woman is 29 years old. After the basic fertility work-up no 
cause for their subfertility has been found.

What do you do?
Expectant management or IUI?
Based on prognostic models their spontaneous pregnancy 

chance, resulting in a live-born child, in the next 12 months 
is 52%, whereas their chance of an ongoing pregnancy after 
6 cycles of IUI with FSH is 40%.

Recommendation: Expectant management.

http://www.amc.nl/index.cfm?sid<2009>=<2009>1602
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31.9.2  Case 2

A couple who have a wish for a child for 3 years. They have 
not been pregnant before. The woman is 36 years old. After 
the basic fertility work-up no cause for their subfertility has 
been found.

What do you do?
Expectant management or IUI?
Based on prognostic models their spontaneous pregnancy 

chance, resulting in a live born child, in the next 12 months 
is 24%, whereas their chance of an ongoing pregnancy after 
6 cycles of IUI with FSH is 34%.

Recommendation: IUI with FSH.
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Abstract Intrauterine insemination (IUI) is a common 
treatment for couples with infertility issues. In order to oper-
ate a good IUI program, several elements are necessary. This 
chapter attempts to provide a comprehensive description of 
these elements including: aspects of patient education, com-
munication between the laboratory and the referring physi-
cian, employee training, safety, sample identification, and 
documentation procedures. It also describes supplies and 
reagents needed for IUI, multiple techniques for the prepara-
tion of sperm, and advantages of the different preparations. 
A discussion of special considerations such as the use of 
positive samples for infectious disease, use of sex-selected 
sperm, and chemical motility enhancement is included.

Keywords Artificial insemination • Intrauterine insemina-
tion • IUI • Density gradient • Swim-up • Sperm wash • 
Sperm quality

32.1  Introduction

Due to increased social acceptance and the successful range of 
infertility therapies now available, more people than ever are 
seeking treatment for infertility. A broad range of conditions, 
affecting both the male and female, contribute to infertility. 
Many circumstances, such as severe oligozoospermia or blocked 
fallopian tubes, are immediate indications that more aggressive 
therapies, such as in vitro fertilization (IVF), are needed to be 
pursued for a reasonable chance of success. However, the major-
ity of patients with less severe or unexplained forms of infertil-
ity have a reasonable chance of success with less invasive 
intrauterine insemination (IUI). While the decision of which 
infertility therapy to pursue depends on a number of factors 
including infertile pathologies, age, and finances, for many cou-
ples IUI will be the first and only therapy needed.

Several factors can contribute to the success rates of IUI, 
including sperm quality, insemination timing and number of 
inseminations, age, and the use of ovarian stimulation [1–3]. 
One of the major male factors influencing the rates is the 
concentration of motile sperm in the prepared sample used 
for insemination, with pregnancy rates falling off quickly 
when less than 5 million motile sperm are inseminated [4, 5]. 
Normal sperm morphology has also been evaluated, though 
the correlation with pregnancy rates is less clear. On average, 
the pregnancy rate per IUI cycle is about 10–15% when 
motile sperm are available, though higher rates have been 
reported, especially when combined with the use of gonado-
tropins [6].

Under normal circumstances, sperm must pass through 
the cervical mucus to reach the uterus, a process that limits 
uterine entrance to only the healthiest sperm and prevents 
dead sperm, debris, and seminal fluid from getting in. Due to 
the presence of prostaglandins and microbes in the seminal 
fluid, semen cannot be placed directly into the uterus without 
the potential of inducing painful cramping and infection. 
With the advent of sperm preparation techniques to remove 
seminal fluids, nonmotile cells, and debris, sperm can be 
placed directly into the uterus with minimal risk. In instances 
where sperm quality is less than optimal or adverse mucus or 
cervical conditions exist, IUI can be highly advantageous in 
achieving pregnancy.

Besides removing prostaglandins, processing semen 
samples prior to IUI has other advantages. Sperm from 
semen samples can be concentrated and reduced to a volume 
that is consistent with what the uterine cavity can hold. 
Decapacitation factors present in the semen are removed, 
increasing the sperm’s fertilization ability. Processing semen 
samples can also select for fractions of sperm with the best 
motility and improve overall motility. Finally, the prepared 
sample of sperm can be placed in preparation media known 
to support sperm capacitation and survival.

The purpose of this chapter is to relay practical informa-
tion concerning the preparation of sperm for IUI. Besides 
protocols for sperm preparation, information will be given 
on laboratory communication, training, safety, equipment, 
records, and other topics relevant to sperm preparation.
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32.2  Patient Education

Prior to visiting the laboratory for sperm preparation, it is 
important that a couple be educated on the insemination pro-
cess. Educating the patients on the correct timing and proto-
col for scheduling sperm preparations, semen collection, and 
the specific requirements of the laboratory preparing the 
sample will reduce the patients’ stress. In addition to result-
ing in a more positive experience for the patients, it will also 
allow the staff to work more efficiently.

Many patients undergoing insemination have questions 
concerning the interpretation of home ovulation test kits and 
when to schedule their insemination. The laboratory and office 
staff responsible for scheduling inseminations should be 
trained and knowledgeable on assisting patients in this regard. 
In some instances, sperm preparations require the collection of 
more than one sample, and the patient’s chart should always 
be consulted when advising the patient on insemination tim-
ing. The staff should also be aware of the requirement for a 
physician’s order on the type of sperm preparation wanted, 
and in the event the patient has a responsibility to provide the 
order prior to the procedure, that information should be com-
municated to him. Depending on the ordering physician and 
source of sperm to be used, there may also be requirements for 
STD testing on the part of the male and/or female partner. It is 
important that staff be trained and able to communicate these 
requirements to current or potential patients.

Patients should also be instructed on several points con-
cerning sample collection. Male partners are often uncom-
fortable with the collection process and they should be 
informed on whether home collection is allowed and what to 
expect of the collection facilities if they collect the semen 
sample onsite. In the event the patient is going to bring the 
sample in, they should be told what type of container to use, 
how the sample should be collected and labeled, how to 
transport the sample to the clinic, and who is allowed to drop 
off the sample. For onsite collection, it is important to review 
the collection and sample identification process with the 
patient and have a clear system to document that the instruc-
tion has been given.

32.3  Laboratory and Physician 
Communication

Prior to processing a semen sample for insemination, the 
laboratory needs to receive an order from the patient’s physi-
cian authorizing the laboratory to prepare the sample and 
specifying the type of sperm preparation requested. In the 
event that several attempts at conception will be made 
using IUI, a standing order can be provided by the physician.  

In some cases, the physician may want recommendations for 
how to prepare the sample, based on a semen analysis or 
sperm function test data. Documentation should be available, 
and the staff educated on who is authorized to give this infor-
mation. Staff should also be educated on who is authorized 
and how to discuss the results of a sperm preparation with a 
physician. Protocols should also be in place on how to com-
municate adverse findings, such as high numbers of white 
blood cells in the final sample or very low motile sperm 
counts, to the physician in a timely fashion.

32.4  Employee Training

Before a technician is allowed to independently prepare a 
sample, they should be trained and demonstrate proficiency 
with each of the different types of sperm preparations used 
by the laboratory (see Chap. 5 by Keel and Schalue). 
Documentation of this training should be kept in the employee’s 
file as well as documentation that they have reviewed the 
written sperm preparation protocols at least yearly and 
have maintained their proficiency.

Another important aspect of educating staff is making 
sure that each technician is following the written protocol. 
This ensures that insemination samples are treated the same, 
regardless of the technician, and helps reduce variability 
between technicians. Participation in a quality control pro-
gram to verify that laboratory employees can obtain compa-
rable results for motilities and counts is also important for 
identifying training needs and providing reliable results. 
Technicians should also be trained to note any unusual obser-
vations about an insemination sample and call it to the atten-
tion of the supervisor.

32.5  Sample Handling and Safety

The laboratory needs to have written protocols in place that 
provide for a safe working environment and protect the lab 
staff from potential exposure risks. In addition to protocols 
detailing how samples are to be handled, the protocols should 
also address the bigger picture of the working environment 
and a laboratory technician’s ability to process a sample 
safely on a given day.

Regardless of the donor or origin, all semen samples must 
be treated as a source of transmissible disease and handled 
with care. Because of this risk, one of the most important 
aspects of handling and processing semen safely is the use of 
appropriate personal protective equipment. Lab staff should 
have access to gloves, scrubs or lab coats, and gear to protect 
the face while working on samples. Gloves should be changed 
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regularly and hands washed frequently. Any contaminated 
waste needs to be disposed of properly in a biohazardous 
waste container. Only closed-toe shoes should be worn in the 
lab and hairstyles and jewelry should be modified if they 
present a hazard to safety.

With regards to the lab environment, trash cans, chairs, or 
other items should be placed so that they are out of the way 
when samples are being processed. Clutter on work surfaces 
should be eliminated to prevent spills or accidents. The use 
of syringes with sharp needles should be avoided, blunt nee-
dles or pipettes are a much safer alternative. The standard 
practice of not eating, drinking, or applying cosmetics in the 
lab also needs to be observed.

As a final note, it is important that the technician be capa-
ble of safely handling the sample. Only technicians who have 
been trained on safety procedures and passed off by a super-
visor should prepare samples for IUI. It is also important that 
on any given day, a technician should not be impaired due to 
lack of sleep, medication, sickness or otherwise, that they 
cannot safely work in the lab setting.

32.6  Sample Identification  
and Documentation

The correct identification of a sperm sample, from initial 
receipt until the actual insemination takes place, is abso-
lutely critical. The consequences of misidentifying a 
sample can result in significant psychological and monetary 
expenses for all parties involved. For this reason, undertak-
ing a careful, systematic approach to sample identification is 
crucial.

Regardless of whether a sample is collected at home or 
onsite, a system should be in place to positively identify a 
patient and make sure an accurate label, confirmed by the 
patient, is placed on the sample container in their presence, 
with a minimum of two unique identifiers. Once accepted by 
the lab, the sperm sample and materials used to process the 
sample should be kept completely separate from those used 
for other samples. Some strategies that have been used 
include labeling and/or color-coding all materials used for a 
sample and physically separating the materials used into a 
separate workstation. Before releasing the sample to the 
patient for the insemination, all materials should be reviewed 
and documentation made to confirm the correct materials 
were used. The final sample released to the patient should be 
clearly labeled with the patient’s name and identifiers, and 
the patient should be requested to confirm the information is 
accurate. Prior to insemination, the care provider performing 
the procedure should also confirm the information on the 
sample with the patient.

32.7  Equipment and Reagents

The following table lists the general supplies needed to pre-
pare sperm for IUI.
Equipment for sperm preparation

Nondisposable Disposable
Microscope Specimen containers
Centrifuge 15 mL Centrifuge tubes
Incubator Culture tubes
Refrigerator Sterile plastic pipettes
Dry heating blocks Sterile 3 mL syringes
Sperm counting chambers Blunt 18 GA needles
Test tube racks Personal protective equipment

Biohazardous waste containers
Sperm preparation media
Packaging materials

A good microscope and centrifuge are the core elements 
of preparing sperm for IUI, and care should be taken to select 
good equipment. Centrifuges can have either a fixed or 
swinging rotor, though swinging rotors are more effective at 
pelleting the sperm sample in the bottom of the tube. They 
should be capable of spinning the sample at 300 × g; how-
ever, higher speeds may be necessary for some applications 
related to semen analysis. As a quality control measure, the 
centrifuge should be calibrated at least every 6 months. A 
compound microscope with phase contrast and 20×, 40×, 
and 100× objectives is ideal. In general, only the 20× and 
40× objectives will be used for preparing the sample, but the 
100× is useful for evaluating for contaminating cells or look-
ing at fixed slides generated from the sperm preparation.

Temperature control is an important aspect of sperm prep-
aration. A refrigerator is necessary to store media, and a dry 
incubator set at 37°C to maintain semen samples, the media 
needed each day, and sperm counting chambers at the correct 
temperature. As a complement to the incubator, heating 
blocks containing metal tube blocks can be placed at each 
workstation, to keep the specimen, media and counting 
chambers for an individual separate from other samples 
being processed. As a part of daily QC, the temperatures of 
the equipment used should be recorded daily, and adjust-
ments made as necessary.

A number of disposable items are required, and it should 
be emphasized that all materials coming in contact with the 
sample be sterile. Several suppliers provide sterile specimen 
containers, and patients should be discouraged from trying to 
use a container they “sterilized” at home in the dishwasher. 
For aspirating and moving the sample between containers, 
either sterile pipettes or a sterile syringe and blunt needle can 
be used. To save on the cost of centrifuge tubes and decrease 
the potential for contamination, media needed for the day 
can be aliquoted into culture tubes and kept in the incubator 
or heating block until needed.
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There are now several good, commercially available 
medias for sperm washing. The majority of these media is 
buffered with HEPES ((N-(2-hydroxyethyl) piperazine-N¢-
(2-ethanesulfonic acid);(N-(2-hydroxyethyl)piperazine-1-
ethanesulfonic acid)), which allows them to maintain a pH of 
7.3–7.5 without the need for a CO

2
-controlled environment. 

In addition to sperm wash media, refrigeration media and 
density gradient medias are also readily available from dif-
ferent suppliers of ART products.

Regardless of which medias are used, good quality control 
dictates that the new lots of media and any other disposables 
that will contact the semen or sperm sample be tested for 
sperm toxicity. The simplest way to do this is to wash a good 
quality donor semen sample and evaluate the motility of the 
sample over the course of several hours during exposure to 
the material or media being tested. As a control, a previously 
tested media of known quality can be used for comparison.

32.8  Sperm Preparation Worksheets  
and Records

An important component of sperm preparation for IUI is hav-
ing a well-designed sperm preparation worksheet to record 
the details of a sperm preparation. A universal worksheet can 
be created that works well for all different types of prepara-
tion. There are several necessary aspects to the worksheet, the 
first being information about the patient and the visit. This 
should include the patient’s name and partner’s name, unique 
identifiers, the date, the referring physician, and type of prep-
aration being performed. General information concerning the 
semen sample should include the source (husband, donor), 
days of abstinence, collection site, and type of collection con-
tainer used. The results section should document the semen 
sample’s initial characteristics: volume, motility, concentra-
tion if desired, viscosity, and agglutination. There should also 
be space to record the sample’s final volume and characteris-
tics. Worksheets should document when preparations were 
started and finished, which staff received, prepared, and 
released the sample, and any unusual observations about the 
sample or preparation. In addition to the patient’s worksheet, 
a log ought to be maintained of reagents and lot numbers used 
to prepare samples. Another log should be maintained of the 
daily patient visits and sperm preparations.

32.9  Overview of Sperm Preparations

Over the years, several different techniques for sperm prepa-
ration have been developed and tested for efficacy. Many of 
the techniques are no longer in use or used in only a few 

laboratories. The preparation techniques presented in this 
chapter represent those that have proven effective, simple to 
perform, or useful for special circumstances.

32.9.1  Basic Wash Preparation

32.9.1.1  Overview

The basic wash is the simplest and least expensive sperm 
preparation to perform. It is able to concentrate the sperm 
into a workable volume for insemination, removing the sem-
inal fluid with its associated decapacitation factors and pros-
taglandins. Besides its simplicity, the advantage of a basic 
wash is that essentially all of the sperm in the ejaculate will 
be recovered. This is especially useful for samples with a low 
concentration of motile sperm. It is also beneficial for cryo-
preserved samples, or other fragile samples that would ben-
efit from reduced processing and increased recovery. The 
disadvantage of a basic wash is that it concentrates all of the 
live sperm, dead sperm, white blood cells, red blood cells, 
and seminal debris together. As a result, the healthy sperm 
are exposed to higher levels of reactive oxygen species 
(ROS), which can decrease sperm function and negatively 
affect fertilization [7, 8]. Therefore, the basic wash is not 
recommended for regular samples when there are a lot of 
cellular contaminants or dead cells present.

32.9.1.2  Protocol

 1. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 2. Once the sample has liquefied, gently swirl the container 
several times to mix the sample and perform a motility 
assessment and concentration estimate. Record the 
results on the patient’s worksheet. Record any unusual 
observations regarding the sample.

 3. Aspirate the sample, record the volume, and place it in a 
labeled, sterile centrifuge tube.

 4. Dilute the semen sample with sperm wash media, using 
at least two parts wash media to one part semen. Mix the 
semen and wash media by gently inverting the tube sev-
eral times. Use additional centrifuge tubes if necessary.

 5. Centrifuge the sample for 10 min at 300 × g.
 6. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 7. Resuspend the sperm pellet with 0.5–0.7 mL of fresh 

media until the sample appears homogenous.
 8. Load 0.6–0.8 mL of the sample into the syringe that will 

be used for the insemination and maintain the sample at 
37°C until time for the insemination.
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 9. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 10. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

Note: For cryopreserved samples, decrease the centrifuge 
time to 7–8 min. For samples with a known high titer of anti-
sperm antibodies, the sample can be collected into a con-
tainer with 10 mL of sperm wash media and immediately 
processed to help improve motility in the final sample.

32.9.2  Density Gradient Preparation

32.9.2.1  Overview

The density gradient preparation consists of filtering sperm 
by centrifugal force through either one or multiple layers of 
increasingly concentrated silane-coated silica particles. 
Typically, semen is placed directly on top of the density gra-
dient layers, and during centrifugation, the most motile 
sperm pass through the different layers, making a soft pellet 
at the bottom. The seminal fluids, dead or nonmotile sperm, 
and cellular debris are held up at the interfaces between the 
layers. The sperm that have successfully pelleted at the bot-
tom can then be recovered, washed to remove the density 
gradient media, and used for IUI.

For samples with a high concentration of motile sperm, 
good results can be obtained by using a single layer of 90% 
gradient media. However, by using an additional layer on top 
of the 90% layer, the seminal debris can be distanced from 
the final pellet, more sperm can enter the first layer and by 
passing through two interfaces the final sample may contain 
a higher percentage of clean, motile sperm. The ability to 
select for a population of clean, motile sperm makes it very 
useful for samples with a lot of dead sperm, round cells, or 
debris. Unless it is necessary to remove WBCs, it is not 
advisable to use density gradient preparations for samples 
with low concentrations of progressively motile sperm, as 
recovery may be limited.

32.9.2.2  Protocol

 1. Prepare a density gradient column by placing 1.5 mL of 
90% sperm gradient media in the bottom of a sterile cen-
trifuge tube. Gently layer an additional 1.5 mL of 35% 
sperm gradient media on top of the 90% layer. Maintain 
the column at 37°C until ready for use.

 2. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 3. Once the sample has liquefied, gently swirl the container 
several times to mix the sample and perform a motility 
assessment and concentration estimate. Record the 
results on the patient’s worksheet. Record any unusual 
observations regarding the sample.

 4. Aspirate the sample, record the volume, and gently layer 
it on top of the prepared gradient column. If the semen 
volume is greater than 4 mL, the sample can be divided 
and layered on separate gradient columns.

 5. Centrifuge the sample at 300 × g for 15 min.
 6. Gently aspirate the supernatant, 35% layer, and upper 

surface of the 90% layer and discard. Combine 90% lay-
ers if more than one gradient column was used.

 7. Dilute the 90% layers with sperm wash media, using at 
least two parts wash media to one part sperm gradient 
media. Gently invert the centrifuge tube to mix the 
sample.

 8. Centrifuge the sample for 10 min at 300 × g.
 9. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 10. Resuspend the sperm pellet with 0.5–0.7 mL of fresh 

media until the sample appears homogenous.
 11. Load 0.6–0.8 mL of the sample into the syringe that will 

be used for the insemination and maintain the sample at 
37°C until time for the insemination.

 12. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 13. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

Note: To avoid contaminating the final sample with cells 
or debris present in the semen or upper layers of the gradient, 
it is advisable to use a new syringe to resuspend the final 
sample with fresh media and load for insemination.

32.9.3  Swim-Up Preparation

32.9.3.1  Overview

First described in 1984 [9], the swim-up preparation is a 
cost-effective way to separate a clean fraction of sperm with 
good motility. A major disadvantage is that sperm yields 
tend to be low, especially if the initial sample has a low con-
centration or decreased progressive motility. Therefore, 
when being used for IUI, only samples with a high initial 
concentration and good progressive motility should be pre-
pared with this technique.

The swim-up preparation relies on the ability of sperm 
with good motility to migrate into a clean layer of media. 
Several variations on the swim-up exist. Fresh media can be 
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layered directly on top of the semen, over the top of a washed 
pellet, or over the top of a resuspended pellet. In the event 
there is a large volume of semen, the first variation may 
require several centrifuge tubes to obtain adequate surface 
area between the semen and media. The media layers would 
then need to be combined and centrifuged to concentrate the 
collected sperm. Layering fresh media over a sperm pellet 
has the double disadvantage of reducing the surface area 
between the sperm and clean media and concentrating the 
healthy sperm with the dead cells and contaminating cells, 
greatly increasing the potential for ROS damage. For these 
reasons, a protocol using the third technique is described, 
which limits the need for extra supplies, reduces the potential 
for ROS damage, and to a certain degree increases the sur-
face area between the washed sperm and the clean media into 
which they are migrating.

32.9.3.2  Protocol

 1. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 2. Once the sample has liquefied, gently swirl the container 
several times to mix the sample and perform a motility 
assessment and concentration estimate. Record the 
results on the patient’s worksheet. Record any unusual 
observations regarding the sample.

 3. Aspirate the sample, record the volume, and place it in a 
labeled, sterile centrifuge tube.

 4. Dilute the semen sample with sperm wash media, using 
at least two parts wash media to one part semen. Mix the 
semen and wash media by gently inverting the tube sev-
eral times. Use additional centrifuge tubes if necessary.

 5. Centrifuge the sample for 10 min at 300 × g.
 6. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 7. Resuspend the sperm pellet with 0.6–0.7 mL of fresh 

media until the sample appears homogenous.
 8. Using a clean pipette, gently layer 1.0 mL of fresh sperm 

wash media on top of the resuspended pellet.
 9. Without disturbing the layers, incubate the sample at 

37°C for 60 min.
 10. After the incubation period and without disturbing the 

bottom layer, load 0.6–0.8 mL of the upper layer into the 
syringe that will be used for the insemination and main-
tain the sample at 37°C until time for the insemination.

 11. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 12. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

Note: During the incubation step, the surface area between 
the layers can be increased, therefore increasing the sperm 
yield, if the tube can be safely placed in the incubator at an 
angle, rather than vertical. A glass beaker or Styrofoam rack, 
for instance, might be used for this purpose.

32.9.4  Refrigeration Incubation Preparation

32.9.4.1  Overview

While not a standard preparation, in certain circumstances 
the refrigeration incubation can be very useful. By mixing 
semen with refrigeration media, similar to the media used for 
sperm cryopreservation, the sperm can be stored for up to 
48 h. This is useful when the male cannot be available on the 
day of insemination or for storing a sample for a short term 
to be combined with a fresh sample collected on the day of 
insemination. The refrigeration process also promotes sperm 
capacitation and increases fertilization as measured by the 
sperm penetration assay (SPA) in patients with poor initial 
SPA scores [10].

32.9.4.2  Protocol

 1. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 2. Once the sample has liquefied, gently swirl the container 
several times to mix the sample and perform a motility 
assessment and concentration estimate. Record the 
results on the patient’s worksheet. Record any unusual 
observations regarding the sample.

 3. Aspirate the sample, record the volume, and place it in a 
labeled, sterile centrifuge tube.

 4. Add a commercial refrigeration media, warmed to room 
temperature, in a one-to-one ratio to the semen. Use 
additional tubes if necessary.

 5. Place the tube(s) containing the mixture into a beaker 
filled with enough ambient temperature water to be just 
above the level of the semen – refrigeration media mix-
ture in the tubes.

 6. Place the beaker with the sample in a refrigerator (2–6°C) 
and allow the samples to incubate up to 48 h. At very 
minimum, the samples should incubate long enough to 
reach the temperature of the refrigerator.

 7. Remove the sample from the refrigerator and the beaker of 
water and allow it to sit at room temperature for 10 min.

 8. Dilute the semen – refrigeration media mixture with 
sperm wash media, using at least two parts wash media 
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to one part semen. Mix gently by inverting the tube several 
times. Use additional centrifuge tubes if necessary.

 9. Centrifuge the sample for 10 min at 300 × g.
 10. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 11. Resuspend the sperm pellet with 0.5–0.7 mL of fresh 

media until the sample appears homogenous.
 12. Load 0.6–0.8 mL of the sample into the syringe that will 

be used for the insemination and maintain the sample at 
37°C until time for the insemination.

 13. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 14. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

Note: If a refrigerated sample is going to be combined with 
a fresh sample, it can be washed and combined with the fresh 
sample after each sample has been washed once. The com-
bined samples can then be washed together with fresh media 
to concentrate the sperm together. If desired, the refrigerated 
sample can also be washed and placed on a density gradient 
column and then combined with a fresh sample that has also 
gone through a gradient column, prior to the final wash.

32.9.5  Heparin Incubation Preparation

32.9.5.1  Overview

In vitro, heparin stimulates the movement of calcium across 
the sperm cell membrane, which promotes capacitation of 
the sperm and can increase motility. Low doses of heparin 
can also improve the SPA results of patients who have a poor 
SPA result without heparin [10]. Patients with decreased 
motility or concentration may benefit from the use of heparin 
during sperm preparation. However, it is advisable to base 
the use of heparin on an SPA, rather than on semen analysis 
data alone.

32.9.5.2  Protocol

 1. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 2. Prepare the heparin-sperm wash media by adding 1% 
clinical grade heparin, by volume, to the warmed sperm 
wash media.

 3. Once the sample has liquefied, gently swirl the container 
several times to mix the sample and perform a motility 
assessment and concentration estimate. Record the 

results on the patient’s worksheet. Record any unusual 
observations regarding the sample.

 4. Aspirate the sample, record the volume, and place it in a 
labeled, sterile centrifuge tube.

 5. Dilute the semen sample with the heparin-sperm wash 
media, using at least two parts wash media to one part 
semen. Mix the semen and wash media by gently invert-
ing the tube several times. Use additional centrifuge 
tubes if necessary.

 6. Centrifuge the sample for 10 min at 300 × g.
 7. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 8. Resuspend the sperm pellet with 1.0 mL of fresh hepa-

rin-sperm wash media until the sample appears 
homogenous.

 9. Place the sample in a 37°C block or incubator for 1 h and 
incubate for 60 min.

 10. Add 5–7 mLs of fresh sperm wash media, without hepa-
rin, to the incubated sperm sample.

 11. Centrifuge the sample for 10 min at 300 × g.
 12. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 13. Resuspend the sperm pellet with 0.5–0.7 mL of fresh 

sperm wash media until the sample appears homogenous.
 14. Load 0.6–0.8 mL of the sample into the syringe that will 

be used for the insemination and maintain the sample at 
37°C until time for the insemination.

 15. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 16. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

32.9.6  Retrograde Wash Preparation

32.9.6.1  Overview

Retrograde ejaculation occurs when semen moves into the 
bladder rather than passing out through the urethra. Retrograde 
ejaculation can result from a variety of conditions such as 
diabetes, surgery, medication, spinal cord injury, or congeni-
tal malformations. The condition is encountered frequently in 
the Andrology setting, and laboratories preparing sperm 
should be prepared to work with retrograde samples.

32.9.6.2  Patient Preparation and Semen Collection

When a patient calls to set up an appointment for a retro-
grade sperm wash, they should be instructed on additional 
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collection procedures unique to retrograde sperm preparation. 
Because sperm do not survive well in urine, collection should 
only be considered at the facility preparing the sample. Under 
the direction of his care provider, the patient may also be 
instructed to take sodium bicarbonate orally, prior to collec-
tion, to regulate the pH of the urine [11]. The patient should 
come to the appointment well hydrated. Immediately prior to 
having the patient attempt collecting a semen sample and 
subsequent urine sample, have them void their bladder. The 
patient should be given two containers, one for attempting to 
collect an antegrade semen sample and a second to collect 
the retrograde urine sample.

32.9.6.3  Antegrade Sample Processing

Dependent upon the pathology, a patient with retrograde 
ejaculation may, on occasion, produce an antegrade semen 
sample. In the event this happens, the sample should be pro-
cessed using a standard wash or density gradient protocol, 
depending on the sample quality. If a good quality antegrade 
sample is produced, the lab may choose to forgo preparing 
the retrograde sample. If a poor antegrade sample is pro-
duced, it can be prepared and combined with the retrograde 
sample.

32.9.6.4  Retrograde Wash Protocol

 1. Label all materials used in the processing of the sperm 
sample, including paperwork and specimen container, 
with the patient’s name and additional unique identifiers.

 2. Immediately upon receipt of the collected sample, note 
the volume and divide the urine into several labeled cen-
trifuge tubes.

 3. Centrifuge the sample for 8 min at 300 × g.
 4. Gently decant the supernatant from each tube into an 

approved waste container as soon as the sample has fin-
ished spinning.

 5. Add 0.5 mL of sperm wash media to each pellet, resus-
pend, and combine the pellets into a single tube.

 6. Dilute the recombined pellets with 5–7 mLs of sperm wash 
media. Mix by gently inverting the tube several times.

 7. Centrifuge the sample for 10 min at 300 × g.
 8. Gently decant the supernatant into an approved waste 

container as soon as the sample has finished spinning.
 9. Resuspend the sperm pellet with 0.5–0.7 mL of fresh 

media until the sample appears homogenous.
 10. Load 0.6–0.8 mL of the sample into the syringe that will 

be used for the insemination and maintain the sample at 
37°C until time for the insemination.

 11. Use the remainder of the sample to evaluate the final 
motility, concentration, and morphology, according to lab 
protocol. Record the results on the patient’s worksheet.

 12. Release the sample to the patient or care provider per-
forming the insemination, according to lab protocol.

Notes: When aliquoting the original retrograde sample 
into different centrifuge tubes, it may be immediately appar-
ent that a few tubes contain the majority of the coagulated 
semen sample. For best results, these tubes should be further 
diluted with sperm wash media before the initial wash.

32.9.7  Preparation of Cryopreserved Sperm

32.9.7.1  Patient Samples

In many instances, patients choose to use cryopreserved 
sperm that was stored prior to chemotherapy or military duty, 
or for other personal reasons. As cryopreserved sperm are 
less robust than those in fresh samples, extra precaution 
should be taken when they are prepared. Generally, cryopre-
served samples should not be subjected to more than a single 
wash in sperm wash media. The centrifugation time should 
also be reduced to 6–8 min. Patients should be educated that 
cryopreserved samples will have reduced sperm motility 
compared to the fresh state of the sample before freezing. 
Depending on the circumstances and the number of frozen 
vials a patient has stored, a plan should be made to thaw a 
sufficient number of vials to give the patients a reasonable 
chance of achieving pregnancy.

32.9.7.2  Donor Samples

Many patients now choose to take advantage of the easy 
access to sperm donor profiles provided by the Internet and 
order donor sperm from sperm banks across the country. The 
sperm samples are typically shipped just prior to their antici-
pated use and stored in the shipping dewar until needed. 
Whenever a donor sample arrives, it is important to confirm it 
has arrived in good condition, and is the correct sample. If the 
sample is not going to be used right away, measures should be 
taken to place it in a more permanent storage container. Most 
sperm banks are now providing donor samples that are pre-
washed. Under these circumstances, all that is necessary is to 
thaw the vial, check a drop of the warmed sample to confirm 
if it meets the sperm bank’s standards, and load it into the 
insemination syringe. If the sample was not washed prior to 
freezing, it will be necessary to wash the sample using the 
simple wash procedure, shortened to 6–8 min of centrifugation, 
prior to intrauterine insemination.
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32.9.8  Sample Handling After Preparation

Once a final sample has been prepared, care should be taken 
to protect the sample from extreme shifts in temperature. If 
the insemination is to take place at the same facility at which 
the sperm was prepared, an arrangement could be made to 
keep the sample in the laboratory incubator until it is time for 
the procedure. If the insemination will take place at a location 
away from the preparation facility, the sperm sample should 
be packaged in an insulated container for transport. It is also 
important that the insemination time be scheduled to coincide 
with the completion of the sperm preparation to avoid any 
untimely delays that could compromise the sample.

32.10  Special Considerations

32.10.1  Preparation of Sperm for IUI Collected 
by PVS or EEJ

In the United States alone, there are 11,000 new spinal cord 
injuries (SCIs) every year. The majority of these injuries 
occur in men between the ages of 16 and 30 for whom repro-
ductive health is still an important issue [12]. Only a small 
percentage of these men will be able to conceive without the 
help of assisted reproductive therapies. While some centers 
choose to collect sperm from anejaculatory SCI patients only 
through surgical methods to be used with ICSI, IUI is still a 
valid and less obtrusive method for many.

According to a recent study, semen can be successfully col-
lected 95% of the time by penile vibratory stimulation (PVS) or 
electroejaculation (EEJ). In 70% of the collections, the total 
motile sperm count is high enough to proceed with intrauterine 
insemination, according to the standards of 94% of the survey 
respondents [13]. In many instances, PVS can be performed at 
home, making it even more attractive to SCI patients.

Due at least in part to the relatively low frequency of ejac-
ulations in SCI patients, sperm motility is often reduced. In 
many instances, the samples can also contain large amounts 
of red blood cells, white blood cells, and debris. Another 
issue that can make the preparation of SCI samples more 
challenging is the increased occurrence of retrograde ejacu-
lation. Because of these special circumstances, technicians 
preparing semen samples collected by PVS or EEJ should be 
prepared for the different possibilities.

If a normal appearing antegrade sample is collected, the 
choice of preparations can be based on the sperm parameters. 
If the sample contains excessive debris, round cells, or dead 
sperm, a density gradient preparation may be necessary to 
“clean it up.” If the sample is retrograde, then steps should be 
taken accordingly to quickly remove the sperm from any 

urine present. If the sample is to be collected by a physician 
in a clinical setting, the physician may wish to flush the blad-
der with sperm wash media, which could produce different 
samples to analyze, depending on the presence of an ante-
grade sample and the number of flushes. In this event, a clear 
method of labeling each container should be established 
between the physician and the laboratory, so the content of 
each container is clear.

32.10.2  Infectious Disease Processing

Preparation of sperm for IUI in HIV-1 serodiscordant cou-
ples remains highly controversial, despite the accumulated 
evidence of more than 3,000 cycles, resulting in more than 
360 births with no reported cases of seroconversion [14]. 
Laboratories that prepare sperm for IUI from HIV positive or 
hepatitis C positive men typically subject the sample to den-
sity gradient centrifugation followed by swim-up migration 
[14] to remove the nonmotile CD4 macrophages and lym-
phocytes that harbor the bulk of the viral load [15, 16]. It is 
also typical for HIV positive men in a serodiscordant rela-
tionship seeking to conceive through IUI to be under the care 
of an infectious disease specialist to monitor the patient’s 
viral load and treat it accordingly. Developments in highly 
sensitive polymerase chain reaction techniques have recently 
demonstrated that low viral loads of HIV-1 can still be pres-
ent in samples processed through gradient columns where all 
nonmotile cells have been removed [17]. For this reason, it is 
important to continue developing techniques to validate the 
absence of HIV and other transmissible viruses in semen 
samples processed for IUI [18].

32.10.3  Posthumous Collected Sperm

A few reports have now documented pregnancies and live 
births using sperm retrieved posthumously [19, 20]. However, 
in all cases, the pregnancies were achieved through ICSI. 
Due to the poor quality and quantity of posthumous collected 
sperm, it is unrealistic to use these samples for IUI.

32.10.4  Sperm Preparation for Sex Selection

During the preceding decades, different strategies to sort 
sperm based on the content of an X or Y sperm have been 
implemented. Ericcson first described the use of human serum 
albumin columns to produce a sample with an increased pro-
portion of Y-bearing sperm [21]. The use of Sephadex columns 
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to increase the concentration of X-bearing sperm has also 
been described [22]. While the initial findings of these and 
subsequent studies were very promising, the results have 
become controversial [23, 24], and if the samples do produce 
a higher number of male or female offspring, the result is not 
due to an increase of X- or Y-bearing sperm in the sample 
[25]. Currently, flow cytometry based methods are being 
offered commercially to separate sperm for sex selection in 
humans and a broad range of domestic species [26, 27]. 
Fluorescent in-situ hybridization confirms that following sep-
aration, sperm fractions can be enriched to 90 and 75% for the 
X and Y chromosome, respectively [26, 28], for human 
sperm. When the initial sample concentration is sufficiently 
high, the sorted samples are adequately concentrated for IUI.

32.10.5  Chemical Motility Enhancement

The most commonly used agent for sperm motility enhance-
ment is pentoxifylline, a methylxanthine derivative that 
inhibits phosphodiesterase and increases cellular levels of 
cAMP. Several reports have been published documenting 
improved motility parameters in both fresh and frozen sperm 
samples when exposed to pentoxifylline [29–31]. However, 
the improvements appear limited to those individuals who 
have poor initial motility, and it should be used with dis-
crimination [32]. The use of pentoxifylline to improve recov-
ery of motile sperm for ICSI is an accepted practice, but the 
use of pentoxifylline in connection with human IUI is less 
common, and the benefits unclear [33]. Until further data are 
available, the use of pentoxifylline for preparing sperm for 
IUI should be approached cautiously.

Another methylxanthine phosphodiesterase inhibitor that 
has been evaluated for its benefits in improving sperm motil-
ity parameters is caffeine [34, 35]. However, a recent review 
on the topic indicates that caffeine has negative effects on the 
sperm plasma membrane and fertilization [36]. There is also 
no current data on the use of caffeine in connection with IUI.

32.11  Conclusions

Intrauterine insemination will continue to be used widely for 
treatment of infertility. In order to provide the highest level 
of care, a successful IUI program should take many factors 
into consideration. Besides having good sperm preparation 
protocols, it is necessary to educate and prepare patients, 
train staff on safety, documentation, and sample manage-
ment, and be aware of the special considerations associated 
with IUI.

References

 1. Agarwal SK, Buyalos RP (1996) Clomiphene citrate with intrauter-
ine insemination: is it effective therapy in women above the age of 
35 years? Fertil Steril 65(4):759–763

 2. Osuna C, Matorras R, Pijoan JI, Rodriguez-Escudero FJ (2004) 
One versus two inseminations per cycle in intrauterine insemination 
with sperm from patients’ husbands: a systematic review of the lit-
erature. Fertil Steril 82(1):17–24

 3. Guzick DS, Sullivan MW, Adamson GD et al (1998) Efficacy of 
treatment for unexplained infertility. Fertil Steril 70(2):207–213

 4. Ombelet W, Deblaere K, Bosmans E et al (2003) Semen quality and 
intrauterine insemination. Reprod Biomed Online 7(4):485–492

 5. Wainer R, Albert M, Dorion A et al (2004) Influence of the number 
of motile spermatozoa inseminated and of their morphology on 
the success of intrauterine insemination. Hum Reprod 19(9): 
2060–2065

 6. Guzick DS, Carson SA, Coutifaris C et al (1999) Efficacy of super-
ovulation and intrauterine insemination in the treatment of infertil-
ity. National Cooperative Reproductive Medicine Network. N Engl 
J Med 340(3):177–183

 7. Aitken RJ, Clarkson JS (1987) Cellular basis of defective sperm 
function and its association with the genesis of reactive oxygen spe-
cies by human spermatozoa. J Reprod Fertil 81(2):459–469

 8. Mortimer D (1991) Sperm preparation techniques and iatrogenic 
failures of in-vitro fertilization. Hum Reprod 6(2):173–176

 9. Mahadevan M, Baker GH (1984) Assesment and preparation of 
semen for in vitro fertilization. Springer-Verlag, Berlin

 10. Carrell DT, Bradshaw WS, Jones KP, Middleton RG, Peterson CM, 
Urry RL (1992) An evaluation of various treatments to increase 
sperm penetration capacity for potential use in an in vitro fertiliza-
tion program. Fertil Steril 57(1):134–138

 11. Aust TR, Brookes S, Troup SA, Fraser WD, Lewis-Jones DI (2008) 
Development and in vitro testing of a new method of urine prepara-
tion for retrograde ejaculation; the Liverpool solution. Fertil Steril 
89(4):885–891

 12. National Spinal Cord Injury Statistical Center (2006) University of 
Alabama at Birmingham, Annual Statistical Report, June 2006

 13. Kafetsoulis A, Brackett NL, Ibrahim E, Attia GR, Lynne CM (2006) 
Current trends in the treatment of infertility in men with spinal cord 
injury. Fertil Steril 86(4):781–789

 14. Sauer MV (2005) Sperm washing techniques address the fertility 
needs of HIV-seropositive men: a clinical review. Reprod Biomed 
Online 10(1):135–140

 15. Quayle AJ, Xu C, Mayer KH, Anderson DJ (1997) T lymphocytes 
and macrophages, but not motile spermatozoa, are a significant 
source of human immunodeficiency virus in semen. J Infect Dis 
176(4):960–968

 16. Van Voorhis BJ, Martinez A, Mayer K, Anderson DJ (1991) 
Detection of human immunodeficiency virus type 1 in semen from 
seropositive men using culture and polymerase chain reaction 
deoxyribonucleic acid amplification techniques. Fertil Steril 
55(3):588–594

 17. Muciaccia B, Corallini S, Vicini E et al (2007) HIV-1 viral DNA is 
present in ejaculated abnormal spermatozoa of seropositive sub-
jects. Hum Reprod 22(11):2868–2878

 18. Lesage B, Vannin AS, Emiliani S, Debaisieux L, Englert Y, Liesnard 
C (2006) Development and evaluation of a qualitative reverse-tran-
scriptase nested polymerase chain reaction protocol for same-day 
viral validation of human immunodeficiency virus type 1 ribonu-
cleic acid in processed semen. Fertil Steril 86(1):121–128

 19. Shefi S, Raviv G, Eisenberg ML et al (2006) Posthumous sperm 
retrieval: analysis of time interval to harvest sperm. Hum Reprod 
21(11):2890–2893



50732 Sperm Preparation for Artificial Insemination

 20. Land S, Ross LS (2002) Posthumous reproduction: current and 
future status. Urol Clin North Am 29(4):863–871

 21. Ericsson RJ, Langevin CN, Nishino M (1973) Isolation of fractions 
rich in human Y sperm. Nature 246(5433):421–424

 22. Steeno O, Adimoelja A, Steeno J (1975) Separation of X- and 
Y-bearing human spermatozoa with the sephadex gel-filtration 
method. Andrologia 7(2):95–97

 23. Martin RH (1994) Human sex pre-selection by sperm manipulation. 
Hum Reprod 9(10):1790–1791

 24. Sills ES, Kirman I, Thatcher SS 3rd, Palermo GD (1998) Sex-
selection of human spermatozoa: evolution of current techniques 
and applications. Arch Gynecol Obstet 261(3):109–115

 25. Vidal F, Moragas M, Catala V et al (1993) Sephadex filtration and 
human serum albumin gradients do not select spermatozoa by sex 
chromosome: a fluorescent in-situ hybridization study. Hum Reprod 
8(10):1740–1743

 26. Schulman JD, Karabinus DS (2005) Scientific aspects of precon-
ception gender selection. Reprod Biomed Online 10(Suppl 1): 
111–115

 27. Maxwell WM, Evans G, Hollinshead FK et al (2004) Integration of 
sperm sexing technology into the ART toolbox. Anim Reprod Sci 
82–83:79–95

 28. Vidal F, Fugger EF, Blanco J et al (1998) Efficiency of MicroSort 
flow cytometry for producing sperm populations enriched in X- or 
Y-chromosome haplotypes: a blind trial assessed by double and 

triple colour fluorescent in-situ hybridization. Hum Reprod 
13(2):308–312

 29. Yovich JM, Edirisinghe WR, Cummins JM, Yovich JL (1990) 
Influence of pentoxifylline in severe male factor infertility. Fertil 
Steril 53(4):715–722

 30. Sharma RK, Agarwal A (1997) Influence of artificial stimulation on 
unprocessed and Percoll-washed cryopreserved sperm. Arch Androl 
38(3):173–179

 31. Paul M, Sumpter JP, Lindsay KS (1995) Action of pentoxifylline 
directly on semen. Hum Reprod 10(2):354–359

 32. Tesarik J, Thebault A, Testart J (1992) Effect of pentoxifylline on 
sperm movement characteristics in normozoospermic and astheno-
zoospermic specimens. Hum Reprod 7(9):1257–1263

 33. Negri P, Grechi E, Tomasi A, Fabbri E, Capuzzo A (1996) 
Effectiveness of pentoxifylline in semen preparation for intrauter-
ine insemination. Hum Reprod 11(6):1236–1239

 34. Mbizvo MT, Johnston RC, Baker GH (1993) The effect of the 
motility stimulants, caffeine, pentoxifylline, and 2-deoxyadenosine 
on hyperactivation of cryopreserved human sperm. Fertil Steril 
59(5):1112–1117

 35. Rees JM, Ford WC, Hull MG (1990) Effect of caffeine and of pen-
toxifylline on the motility and metabolism of human spermatozoa. 
J Reprod Fertil 90(1):147–156

 36. Henkel RR, Schill WB (2003) Sperm preparation for ART. Reprod 
Biol Endocrinol 1:108



509

Abstract Cryopreservation of semen is a common pro
cedure, both for autologous sperm banking and for donor 
sperm insemination. Additionally, new techniques employ
ing semen banking are now common, including the use of 
epididymal aspirates and testicular biopsy specimens used 
for assisted reproductive therapies (ART). This chapter 
explores the regulatory, scientific, and practical aspects of 
sperm cryopreservation and banking.

Keywords Sperm banking • Sperm donation • Artificial 
insemination • Donor sperm • Sperm cryopreservation • 
Regulation of reproductive tissue banking

33.1  Introduction

Cryopreservation of semen is a routine procedure for  
preserving male gametes for subsequent use in artificial 
insemination or assisted reproduction (ART). Semen cryo
pre ser vation is also mandated for anonymous donor sperm, 
which must be frozen and quarantined for a minimum of 6 
months with initial and prerelease testing prior to use [1–3].

Semen cryopreservation is not a new procedure, with the 
earliest reports of sperm freezing from the eighteenth cen
tury by Spallanzani and Mantegazza in 1866 [4]. The first 
report of the survival of human sperm after cooling to −269°C 
and storage at −79°C occurred in 1938, and in 1949 the use 
of glycerol as a cryoprotectant, making possible largescale 
freezing and banking of mammalian sperm was reported [4]. 
The landmark reports of human semen cryobanking and sub
sequent successful insemination were published in the 1950s 
[6]. The use of nitrogen vapor for freezing and storage of 
sperm was described in 1962 by Sherman, with normal off
spring resulting in 1972 following 10 years storage of cryo
preserved sperm [4]. At present, normal offspring have been 

known to result from the use of human semen cryopreserved 
for more than 28 years [7].

33.2  Sperm Banking

Semen is cryopreserved for autologous use as well as for use 
in therapeutic donor insemination. Autologous semen cryo
preservation is indicated prior to surgical sterilization or 
vasectomy, prior to treatment for malignant and nonmalig
nant diseases, as well as intraoperative freezing during 
exploratory testicular biopsy for infertility in cases of 
obstructive or nonobstructive azospermia. Although more 
uncommon, premortem and postmortem cryopreservation of 
semen, testicular tissue, and/or epididymal or seminal vesi
cle aspirates are also indications for preservation of the male 
gametes. With the advent of assisted reproduction, particu
larly intracytoplasmic sperm injection (ICSI), which requires 
only one spermatozoon for fertilization of the oocyte, sperm 
banking is worthwhile even if only one ejaculate can be cry
opreserved prior to initiation of cancer treatment [8]. More 
commonly, ART programs will store a male partner’s semen 
in the event that sperm are not available on the day of oocyte 
retrieval for use in oocyte insemination or ICSI. ART fertil
ization and pregnancy rates in men with less than 103 sper
matozoa per ml were similar if fresh or frozen sperm were 
used although results for fresh sperm were lower than con
trols while men demonstrating 103–105 spermatozoa/ml 
demonstrated rates similar to controls [8]. This data confirms 
the utility of banking sperm even in the severely oligozoo
spermic male.

Intraoperative cryopreservation of microsurgically retrie ved 
epididymal sperm and testicular sperm in men with obstruc
tive azospermia yields pregnancy rates comparable to those 
using fresh sperm [9, 10]. Intraoperative cryopreservation is 
also useful in cases of reconstructive surgery such as vasova
sostomy or epididymovasostomy. However, sperm retrieval 
and cryopreservation at the time of vasectomy reversal may 
not be a costeffective treatment strategy as compared to 
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fresh harvest of sperm at the time of ART in the persistent 
azoospermic patient [11].

Sperm banking is strongly recommended for men as well 
as postpubertal teens with malignant disease who may some
day desire biological children, even though a small but sig
nificant percentage of these men later use the stored semen 
[9, 12]. The cumulative percentage of use of banked sperm 
was shown to be above 10% in a 15 year cryopreservation 
study [13]. A diagnosis of testicular cancer was associated 
with a lower use of the banked sperm as compared to men 
with other cancers [13]. Sperm banks are increasingly used 
for fertility preservation in the event of disease or surgical 
treatment, especially for men with Hodgkin’s disease or tes
ticular cancer [14–17]. Walchaerts and colleague [17] also 
demonstrated an average annual increase of 7.5% in the 
number of men using sperm banking for testicular cancer 
during the period 1990–2004 in the 22 French CECOS cen
ters. For Hodgkin’s disease, the increase was also observed, 
but not as striking as for testicular cancer. Oncologists are 
advised to strongly urge their patients to preserve sperm prior 
to cancer treatment to safeguard future fertility [8, 17].

There is concern about transfer of genetically damaged 
sperm after cryopreservation; however, there has been no 
proven increase in genetic or phenotypic abnormalities in off
spring conceived using banked sperm from men treated for 
malignant or nonmalignant diseases [9]. In fact, studies have 
shown that the DNA from prepared spermatozoa from fertile 
men was unaffected by cryopreservation, whereas spermato
zoa from infertile men were significantly damaged by cryo
preservation and thawing [18]. Other reports have 
demonstrated no excessive fetal losses in over 11,000 preg
nancies conceived by insemination with donor sperm [19], as 
well as normal offspring from use of frozen testicular sperma
tozoa [20], and frozen epididymal sperm [21] in assisted 
reproduction. In a review of two prospective and large popu
lationbased studies, one in France and one in Australia, the 
general characteristics of children born after ART with frozen 
spermatozoa were not different from the general population 
in regards to weight, prematurity, stillbirths, sex ratio, overall 
health, and psychosocial development [22]. However, more 
recently, cryopreservation was shown to decrease overall 
sperm quality as assessed by the sperm chromatin structure 
assay (SCSA), with subsequent improvement in nuclear 
maturity after swimup of the thawed semen [23].

33.3  Donor Sperm

It has been over 20 years since there was a shift to use of 
frozen and quarantined donor sperm for artificial insemina
tion. With the advent of increased concerns regarding the 
transmission of sexually transmissible diseases (STDs), 

particularly acquired immune deficiency syndrome (AIDS), 
the practice of artificial insemination with donated semen 
shifted in the late 1980s to the exclusive use of cryopreserved 
donor semen [1]. In 1989, the French Federation CECOS 
sperm banks reported that since 1973, approximately 17,000 
pregnancies resulted from the use of frozen donor sperm in 
artificial insemination or for in vitro fertilization [24]. In a 
survey conducted by the United States Congress Office of 
Technology Assessment in1988, [25], 30,000 births annually 
occurred as a result of artificial insemination with donor 
sperm. By 1988, only cryopreserved semen was recom
mended for donor insemination, although clearly not all phy
sicians adopted these recommendations [4]. Similarly, in the 
late 1980s, the American Association of Tissue Banks pub
lished standards and the American Fertility Society (now 
American Society for Reproductive Medicine) published 
practice recommendations for the sole use of frozen, quaran
tined donor semen. Similarly, the advent of HIV and serious 
sequelae of HIV infection has resulted in reassessment of 
artificial insemination practice in the United Kingdom [26].

State regulations, and now federal regulations, have man
dated the sole use of cryopreserved donor semen that has 
been quarantined for a minimum of 6 months with rigorous 
initial and prerelease testing after the quarantine. The Food 
and Drug Administration (FDA) published specific regula
tions requiring testing, cryopreservation, and quarantine of 
anonymous donor semen (FDA 21 CFR 1271) collected after 
May 2005. The FDA regulations do not require testing and 
quarantine of semen from sexually intimate partners, and 
allow the use of directed or known semen donor specimens as 
long as the donor has been tested within 7 days of the dona
tions. For known sperm donors, the semen does not have to be 
quarantined for 6 months. On the other hand, for anonymous 
donors, the semen must be quarantined for 6 months followed 
by retesting prior to release for insemination.

New York State has specific regulations for donors of 
reproductive tissue (NYS Part 52-8). Similarly, California has 
detailed regulations for reproductive tissue donors, while 
Maryland, Florida, and Georgia statutes refer to the FDA 
regulations. The general recommendation is to follow the 
more strict regulations, which may be the FDA or specific 
state regulations for use of donated semen. At a minimum, the 
FDA regulations for testing of reproductive tissue donors 
must be followed by all tissue banks and ART programs in 
the US, or for any facility shipping specimens into the US. 
The FDA regulations must also be followed for any tissue 
originating in the US and being shipped to a foreign country.

It is interesting to note that a recent publication recom
mended that guidelines be changed to allow the use of fresh 
sperm for insemination [27]. In this study, a computer model 
of 80,000 women undergoing artificial insemination with 
donor sperm showed that if all women chose to use fresh 
sperm from donors that were tested but where sperm was not 
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frozen and quarantined, there would be over 8,000 more 
births per year with a mean cost of $15,501 less than with use 
of banked donor sperm. Furthermore, the model suggests 
that one recipient would become infected with HIV every 5.1 
years, during which time 180,000 noninfected children 
would be borne [27].

33.4  Sperm Donor Testing

Both federal and state regulations require testing for HIV 1 and 
2, HTLVI/II, Hepatitis B and C, and other sexually transmitted 
infections (i.e., syphilis, N. gonorrhea, and Chlamydia tracho
matis). Nucleic acid tests (NAT) must be used if FDA-approved 
tests are available for a particular analyte. Currently, NAT test
ing is available for HIV-1, Hepatitis C and most recently, N. 
gonorrhea. Donors must also undergo rigorous review of medi
cal, family, and social histories, and have a physical examina
tion focusing on the urogenital system. Sperm must then be 
frozen and quarantined for 6 months, followed by retesting 
prior to release for artificial insemination. Statutes also regulate 
who can be a sperm donor, that is, sperm donors must be at low 
risk for STDs, particularly HIV and hepatitis.

The FDA requires all facilities that process, store, and dis
tribute donor sperm, oocytes, or embryos to be registered 
with the Center for Biologics (CBER) of the FDA. New York 
State requires that all facilities processing, storing, and dis
tributing donor sperm be licensed by the state as a tissue 
bank. Furthermore, NYS requires that any NYS physician or 
ART program utilizing donor sperm for artificial insemina
tion acquire the donor sperm from an NYS licensed sperm 
bank. This insures that the donors would be screened and 
sperm quarantined according to the NYS regulations. 
Although the state and federal regulations may appear cum
bersome and often confusing, the regulations are aimed at 
protecting the public health and minimizing the risk of com
municable disease transmission.

The FDA regulations (21CFR 1271) address only com
municable disease testing, and does not refer to any addi
tional testing such as genetic testing or general health testing 
of the donors or recipients. On the other hand, NYS for 
example does require testing for certain nontrivial genetic 
malformations for which genetic tests are available such as 
cystic fibrosis deletion testing, Tay Sach’s disease, sickle cell 
anemia, thalassemia, and hemoglobinopathies. Karyotyping 
is not required by any regulations, and has not been recom
mended [28].

Both federal and state regulations define anonymous and 
directed sperm donors. Commercially available donor sperm 
is acquired from donors who wish to remain anonymous to 
the recipients as well as to the child. Many sperm banks offer 
identity release programs where the donor can agree to have 

their identity released, once the offspring has reached the age 
of maturity (i.e., 18 years of age). Only the offspring can 
request the donor identity from the participating sperm bank 
where the donor has agreed to identity release. Not all sperm 
donors agree to identity release, and regulations do not 
require identity release. In fact, current NYS regulations 
require that the sperm donors remain anonymous. Recently, 
a review of US donor insemination programs demonstrated 
that an increasing number of programs are offering open
identity donors, particularly with oocyte donation [29]. In 
Canada, studies have shown that sperm donors who are more 
likely to be identified to the offspring are more likely to 
donate sperm altruistically [30]. The Canadian Assisted 
Human Reproduction Act of 2004 prohibited the payment of 
donors of sperm or oocytes for their donation. In the UK, 
sperm donors must agree to identity release, with their iden
tity being on a national registry [31]. The Human Fertilization 
and Embryology Act of 1990 established a registry of chil
dren born from donor insemination, mandated donor identity 
release, set standards for semen storage, as well as standards 
for donor selection and screening, consent, counseling, and 
legal issues [31]. Any US sperm bank transporting donor 
sperm into the UK must accompany the shipment with a 
donor identity release authorization.

Donor insemination has been used in greater numbers to 
provide for biological children to single women, as well as 
women in samesex committed relationships. Reports of 
single women who choose to become mothers using a sperm 
donor are scarce [32]. One report demonstrated that in 62 
families headed by a single woman, the socioeconomic 
development of the children seems to be within the normal 
range, while about one-fifth of the women gave birth to 
twins, the health conditions of the mothers and children and 
difficulties encountered by the mothers raised some concerns 
[32]. The incidence of birth defects and health problems in 
the offspring conceived with frozen sperm has been shown to 
be similar to that in the general population [22]. The psycho
social development of these children, however, is not as well 
reported due to the confidentiality concerning sperm dona
tion, and the desire of these parents not to tell anyone about 
the circumstances of their children’s conception [22].

33.5  Laboratory Procedures for Sperm 
Cryopreservation

Cryopreservation is cell-specific, is dependent upon the 
cells’ water permeability and the amount of intracellular 
water, as well as the type of cryopreservative medium used in 
the process. Spermatozoa are ideal cells to cryopreserve 
since they have a relatively small volume, a large surface 
area, and very little cytoplasm (hence very little intracellular 
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water) than many other cells. Human semen has been suc
cessfully cryopreserved since 1953, with glycerol as the most 
widely used cryoprotectant [5].

Following cryopreservation, there is a significant decrease 
in sperm motility, velocity, and viability upon thaw [33], 
with a TESTyolk buffered medium with 10% glycerol fair
ing better than straight glycerol as the cryoprotectant. There 
is a significant variability between samples in sperm motility, 
motion characteristics, and survival rate compared to vari
ability in prefreeze sperm parameters [34]. However, Agarwal 
et al. [14] have shown that the effect of cryopreservation on 
sperm quality was identical to its effect on sperm from nor
mal fertile men, and this and other reports demonstrated that 
normal fertile sperm survived significantly better than semen 
specimens from infertile men or the poorer quality semen speci
mens from cancer patients [35]. Regardless of the methodo
logy used for sperm cryopreservation, a 40–60% decrease in 
sperm motility and viability is expected, although certain 
methods, cryopreservatives, packaging, freeze rate, storage, 
and thawing technique will affect that survival. 
Cryopreservation of sperm is much easier, and more success
ful than embryo or oocyte cryopreservation, and it is proba
bly due to the differences in the sperm cell anatomy, and the 
fact that the concentration of sperm allows loss of cells with 
a relatively low decrease in fertility as compared to the simi
lar effects on oocytes or embryos.

Glycerol is the cryoprotectant of choice for human sper
matozoa, and is used at a concentration of 5–10%. 
Cryosurvival rates improve with the addition of glycerol to 
more complex buffering systems [36]. An early study com
pared the effects of eight different media on postthaw sperm 
motility [37]. Two extenders combining zwitterions, TES 
and TRIS with sodium citrate and egg yolk, were superior to 
others and were considered to be the optimal extenders for 
maintaining sperm viability after thawing. Hallak and 
coworkers [12] compared sperm motility, morphology, and 
membrane integrity in sperm frozen with TESTyolk
glycerol and glycerol alone media and showed that TEST
yolk-glycerol resulted in significantly better motility, 
morphology, and sperm membrane integrity. An egg yolk
based freezing medium has been commercialized, and has 
been the cryoprotectant of choice for freezing of human 
sperm [38]. Another medium developed by Mahadevan and 
Trounson known as Human Sperm Preservation Medium 
(HSPM) containing Tyrode’s buffer and glycerol but no egg 
yolk showed a higher yield of motile sperm than an egg yolk 
containing medium [39]. However, in other studies, TEST
yolk medium showed a significantly higher recovery of 
motile sperm as compared to HSPM, particularly when slow 
freezing was done as compared to rapid vapor freezing [40]. 
Although morphology was the same using all methods, 
these authors concluded that TESTyolk buffer was the 
superior cryopreservative. Furthermore, in specimens where 

more than 50% of sperm were normal morphologically, the 
best postthaw recovery of motile sperm was achieved. 
Chromatin packaging and morphology, as well as membrane 
integrity and viability of human sperm decrease significantly 
after freezing and thawing [23], whether slow programma
ble freezing is used or rapid vapor freezing, although those 
with a normal morphology prior to freezing seem to with
stand the freezethaw procedure better than lowquality 
specimens [41]. The egg yolkbased “TESTyolk” buffer 
freezing medium is routinely used for preparation of ICI 
ready sperm.

Recently, Hossain and Osuamkpe [38] demonstrated that 
a 100 mM concentration of sucrose with rapid freezing 
showed a satisfactory postthaw motility and viability as com
pared with higher concentrations of sucrose. Many cryo
preservatives have been evaluated for effects on sperm 
survivability, including dimethlysufoxide (DMSO), which 
was proven to be superior to propanediol and glycerol for 
maintenance of structure and function of frozen testicular tis
sue [42, 43]. Similarly, ethylene glycol was shown to be bet
ter than glycerol or DMSO for acrosome preservation of 
human spermatozoa [44]. Since both egg yolk and serum 
albumin are of animal origin and thus risk human exposure 
to animal viruses, others have utilized lecithin along with 
DMSO and glycerol with promising results (Reed, M.; 
Jeyendran, RS. personal communication). A novel intrauter
ine insemination (IUI)-ready cryoprotectant has been devel
oped using HEPES-buffered human tubal fluid, with 1% 
human serum albumin, 4% sucrose, and 6% glycerol for 
semen samples prefreeze processed by gradient separation 
[45, 46]. Similar buffering systems have been commercial
ized to prepare washed sperm for cryopreservation.

33.6  Laboratory Techniques for Sperm 
Cryopreservation

The simplest method for freezing spermatozoa involves addi
tion of glycerol to a final concentration of 7.5–8.0%. 
However, glycerol alone has been replaced by more sophisti
cated cryopreservatives that result in better sperm survival 
after freezing and thaw. TESTyolk buffer medium contains 
a 15% concentration of glycerol and is added at a ratio of 1:1 
semen to yolk buffer. Any cryopreservative is added in a very 
slow, dropwise fashion so as to minimize osmotic shock to 
the spermatozoa. Following thorough mixing, the semen
cryopreservative mixture can be aliquoted into cryovials or 
straws, usually at a volume of 0.5 ml per vessel.

Semen can also be processed by either gradient centrifu
gation or centrifugation wash procedure prior to cryopreser
vation to prepare an IUI-ready specimen. In these instances, 
the sperm can be processed or washed using the laboratory’s 
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standard protocol using media, such as an HEPES-buffered 
human tubal fluid or Ham’s F-10 medium, all commercially 
available. The resulting sperm pellet would then be resus
pended in nutrient medium, and the appropriate cryopreser
vative added to a final concentration of 7.5–8.0% glycerol.

Vials or straws of semen can either be frozen using a con
trolled rate freezer, which slowly reduces the temperature of 
the specimen, or a manual method. Once again, regardless of 
the technique utilized, sperm appear to be hearty enough 
with adequate survival after freezing and thawing, to suggest 
the use of the simplest and most cost effective method for 
cryopreservation. In the age of assisted reproduction using 
ICSI, even the lowest sperm counts, and testicular tissue or 
epididymal aspirates can be successfully frozen, thawed, and 
utilized to achieve fertilization and pregnancy.

Once the vials or straws are filled, if a programmable 
freezer is to be used, the specimens are placed into the freezer 
and the preprogrammed freezing cycle is initiated. A com
mon freezing program begins with the specimen at room 
temperature, followed by cooling at a rate of −50°C per min
ute to 4°C, then at a rate of −10°C per minute to −80°C. The 
specimens are held at −80°C for 10 min, and then plunged 
into liquid nitrogen (LN). Other programs have also been 
successful for freezing sperm, and each should be validated 
for any individual laboratory.

For manual freezing, a test tube of the semen can be placed 
first into a beaker of room temperature water, which is then 
held in a refrigerator for 30–45 min. This allows slow cooling 
of the sperm. The semen is then aliquoted into cooled vials or 
straws, loaded onto a cryo cane, then suspended for 10 min 
approximately 1 in. above the LN level in a tank (approxi
mately −75°C). The cane is then plunged into the LN for storage. 
A second manual method involves placing the vials onto a 
metal cane at room temperature, followed by placing the cane 
directly into an LN-charged dry shipper for 30 min. This dry 
shipper is presumably at LN temperature. The cane on which 
the vials are suspended can then be plunged directly into the 
liquid phase of an LN storage tank.

It is important that a test vial of semen be thawed approxi
mately 24–48 h after initial freezing to determine the rate of 
sperm survival. This is a routine procedure with fertile donor 
sperm. However, with client sperm prior to disease treat
ment, a test vial may not be possible since the sperm param
eters are initially poor, and it is necessary to freeze as much 
of the sperm as possible.

33.7  Storage of Cryopreserved Semen

The storage container, either vial or straw, should be able to 
be withstand the temperatures of freezing, storage, and thawing 
without loss of integrity. It should also be sealed after 

packaging to remain impervious to microbial particles 
during the entire cryopreservation and thawing process.

Specimens are generally stored directly in liquid nitrogen 
in special dewars. It is important that cells are stored at less 
than −135°C, because it is at this temperature that all molecu
lar activity ceases. At higher temperatures, water may recrys
tallize, inducing cellular injury. In the past, mechanical freezers 
were available that presumably maintained the specimens at 
less than this temperature. However, these methods for semen 
storage did not gain favor, and thus, LN storage tanks have 
continued to be the accepted method for semen storage.

33.8  Cross Contamination

Donors of semen for artificial insemination are chosen from 
the low risk population and are rigorously tested for sexually 
transmitted diseases, thus posing a relatively low risk of 
transmission between vials in a cryo storage tank. Sperm 
bankers or client depositors, from the general population, are 
not screened for sexually transmitted infections, and thus 
there may be more of a risk that vials from such men might 
carry disease. For the risk, however, to become an effective 
danger, the microorganisms in semen must be capable of 
transmitting disease, and most importantly, must survive the 
freezing and thawing procedure [47]. N. gonorrhea has been 
known to survive storage in LN for 18 months [48], and the 
addition of antibiotics do not appear to eliminate the risk of 
transmission [47, 49]. In addition, both mycoplasma hominis 
and ureaplasma urealyticum have survived freezing and 
thawing [50], as did Chlamydia [51], herpes simplex virus2 
[52], cytomegalovirus [53], and hepatitis C [54, 55]. On the 
other hand, yeasts and Trichomonas vaginalis [50] did not 
survive cryopreservation. In one notable study, Matz et al. 
[56] reported an HIV1 infection after insemination with 
fresh semen. However, those women who received frozen 
semen from the same donor did not show any signs of HIV 
infection, presumably because cryopreservation led to a 
decline in viral titer [47, 56]. Mazzilli et al. [47] recommend 
the use of quarantine tanks to store specimens for 6 months 
before placing specimens in a main storage system, once 
retesting results are negative for STDs. They suggest, cor
rectly however, that because of the long incubation periods 
for viruses, such as HIV and hepatitis and the impossibility 
of covering all pathogens, that use of quarantine holding 
tanks is not realistic.

The actual risk of transmission of pathogens in an LN 
tank, therefore, is not known and can only be theoretically 
assumed. Several cases of hepatitis B transmission have been 
reported following leakage of blood bags in a storage tank 
[57]. Several organisms have been identified in semen and 
embryos stored for 6–35 years, although none were pathogenic 
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to humans [47, 58]. Some of the organisms were found in the 
samples, others in the liquid nitrogen, none were cross con
taminated. Although there have been no reported cases of 
cross contamination in tanks of reproductive tissue, there is a 
theoretical risk. For reasons such as this, many regulatory 
bodies mandate separate storage of donor semen (from tested 
donors) and client semen (nontested patients).

There are several ways to minimize the risk of cross con
tamination within an LN storage dewar. Straws and vials 
must be sealed properly. Vials must have intact “O” rings, 
and caps must be secure. Labs should utilize vials or straws 
guaranteed to withstand LN temperatures. Ionomeric resin 
straws currently available commercially appear to be one of 
the most secure types of containers [59].

There has been controversy over storage of reproductive 
tissue either in the liquid phase or vapor phase of LN not 
only to maintain cell viability, but also most importantly to 
reduce or eliminate the possibility of microbial cross con
tamination between vials or straws in the liquid phase of LN 
[60]. There are protocols for storage in LN vapor as opposed 
to the liquid phase. These involve setting the level of liquid 
such that the specimen level is located where the stored spec
imens would be maintained at LN temperature or at least 
lower than −135°C. Special thermometers or thermocouples 
inserted into an LN tank can be employed to record the tem
perature at the specimen level in the tank, and set off alarms 
in the event that the temperature rises above a set level.

The manufacturer’s recommendations for the care of the 
LN tanks should be followed carefully. For liquid storage, 
LN levels should be closely monitored to make sure they 
continually cover stored specimens. Tanks should be exam
ined regularly for the presence of frost or defects on the exte
rior. An increase in the filling frequency or exterior frost 
build up could indicate that a dewar may be in the process of 
failing. Replacement or repair is warranted. At a minimum, 
however, specimens should be removed to a different tank to 
prevent loss of specimens. The laboratory’s quality control 
program should include recording the liquid nitrogen levels 
and filling activities of each liquid nitrogen refrigerator. NYS 
regulations require tank LN levels to be measured at least 
twice in a 7day period of time. Many facilities employ mon
itored alarms for automatic tank filling and to detect low liq
uid levels or out of range vapor temperatures for additional 
measure of safety for specimen storage.

33.9  Transport of Cryopreserved Semen

Transportation of cryopreserved sperm must be at LN tem
perature to maintain the specimens in the frozen state. Shifts 
in temperature above the threshold of −135°C can be detri
mental to cell survival. TESTyolk buffer was able to maintain 

postthaw sperm motility during shipping and handling better 
than glycerol alone as the cryopreservative [61]. Furthermore, 
motility was significantly compromised in specimens stored 
more than 2 days in an LN shipping dewar if frozen in glyc
erol vs. yolk buffer [61]. Thus, it is imperative that speci
mens be handled and transported using very careful and 
validated methods.

Specimens should be shipped or transported using “dry 
shippers”. These are dewars, which have an inner core that 
absorbs the LN, maintaining the chamber at LN temperature. 
All of the LN is absorbed into the tank lining, and thus liquid 
is not present in the central chamber. The liquid phase of LN 
is considered a hazardous substance and as such is not 
allowed to be transported by airplane. However, dry shippers 
do not contain liquid nitrogen, and thus are able to be shipped 
by major carriers.

Dry shippers can maintain LN temperature for several 
days. It is imperative that tanks containing frozen semen or 
embryos be shipped by priority overnight shipping. Shippers 
used for transport must be appropriately validated to insure 
that they are functioning properly and will hold temperature 
for the stated interval of days. Tanks should be handled 
according to the manufacturer’s requirements to insure that 
the tanks maintain temperature, do not leak, and maintain the 
specimens in a frozen state. Use of a reputable facility for 
storage and transport of reproductive specimens, many of 
which are irreplaceable, is strongly recommended.

33.10  Clinical Aspects of use of Frozen Semen 
in Artificial Insemination and Art

Use of frozen-thawed semen is now a routine procedure in 
clinical ART. The question arises, however, which type of 
artificial insemination – intrauterine insemination (IUI) or 
intracervical insemination (ICI) is most efficacious. Most if 
not all commercial sperm banks provide semen specimens, 
which are “ICI” (intracervical) or “IUI” (intrauterine) ready.

The choice of whether to perform an ICI or IUI with 
thawed semen is left to the reproductive endocrinologist. For 
cervical insemination, results have shown that insemination 
should be performed two consecutive days based on ovula
tion timing [62]. Many studies, however, have demonstrated 
that IUI is superior to ICI, and most physicians will perform 
an IUI for two consecutive days as well. The monthly fecun
dity rate for IUI has been shown to be significantly higher as 
compared to ICI [63–65]. These results were confirmed by 
subsequent metaanalysis [66]. The results were similar in a 
study of ICI vs. IUI in single women with no known fertility 
problems [67].

Recently, Wolf et al. [46] demonstrated similar IUI 
fecundity rates using IUI-ready donor sperm as compared to 
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conventional cryopreserved sperm based on both prospective 
and retrospective assessments. Since ICI specimens are 
frozen as whole semen plus cryopreservative, this specimen 
must be processed to remove the seminal contaminants and 
cryopreservative prior to an intrauterine insemination. 
Generally, thawed ICI vials should be minimally manipu
lated to reduce spermatozoa loss due to the shock of pro
cessing. Thawed semen can be diluted slowly with nutrient 
medium, preferably HEPES-buffered human tubal medium 
(HTF) [68], centrifuged at 280–300×g for 10 min, and the 
sperm pellet resuspended in HTF for the insemination. The 
only concern is that centrifugation of the whole thawed 
semen concentrates in the pellet both motile and nonmotile 
sperm, cells, and debris for placement into the uterus. 
Gradient centrifugation of thawed semen results in a signifi
cant loss of sperm numbers, but a clean specimen relatively 
devoid of dead cells and debris. A low concentration of 
motile sperm can be used for IVF/ICSI, so this is not of 
concern, but a low recovery of motile sperm is not favorable 
for standard insemination. It appears that gradient prepara
tion prior to cryopreservation might be superior to washing 
after thawing for the IUI, particularly for high-quality donor 
sperm specimens. Low sperm count specimens, such as 
from client depositors, would still be frozen as raw semen 
with TESTyolk buffer.
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Abstract The total number of people living with HIV had 
reached 39.5 million. In developed countries, the major risk 
for HIV transmission is by heterosexual intercourse. The 
general conditions and life expectancy of many patients with 
HIV infection are very good, and three-quarters of these 
individuals are in their reproductive years. For these reasons, 
a significant percentage of young couples with HIV in one 
partner can be expected to make plans for the future and to 
desire children. Clinicians practicing assisted reproduction 
should become familiar with guidelines for care in HIV-1 
discordant couples in order to prevent HIV-1 transmission.

Recent findings: The main themes covered by this chapter 
include: epidemiology of HIV-1 in the world; biology of the 
virus and its presence in the various parts of the sperm; 
recently published guidelines from the American Society 
for Reproductive Medicine; ethics and recommendations 
concerning assisted reproduction in people infected by virus; 
and clinical practices and evidence-based guidelines that 
allow assisted reproduction in HIV-serodiscordant couples.

Summary: This chapter will review the safety, counselling 
points, and outcomes of HIV-1 serodiscordant couples under-
going assisted reproduction with sperm washing and other 
advanced reproductive technologies used to prevent HIV 
transmission in our center.

Keywords Assisted reproductive technique • HIV • Sperm 
washing • Serodiscordant couple

34.1  Introduction

According to the latest UNAIDS/World Health Organization 
(WHO) [1] update (December 2006), the total number of 
people living with HIV-1 infection had reached 39.5 million. 
We know that early diagnosis of HIV-1 infection [2] and timely 
access to medical care can improve treatment outcomes and 

potentially decrease the risk of transmission [3]. In developed 
countries, the major risk for HIV-1 transmission is by hetero-
sexual intercourse, and the number of contaminations is 
increasing [4]. In the past, the drug users were the biggest 
reserve of the virus, and the majority of the subjects addicted 
to drugs were men. For these reasons, women today are at 
risk to be infected by heterosexual intercourse. Male-to-female 
transmission of HIV-1 is now estimated to be 1 per 1,000 acts 
of unprotected intercourses [5–9], and it depends on many 
factors, such as viremia, virospermia, CD4+ count, and genital 
infections, etc. Major advances in pharmaceutical research have 
greatly improved the prognosis of patients with HIV-1 infection. 
Correct clinical and therapeutic management of these patients 
enables the disease to be maintained in a chronic state, and, in 
most cases, avoid fatal progression. The general conditions 
and life expectancy of many patients with HIV infection are 
very good, and three-quarters of these individuals are in their 
reproductive years. For these reasons, a significant percentage 
of young couples with HIV in one partner can be expected to 
make plans for the future and to desire children [10]. This 
desire for children in serodiscordant couples is at variance 
with recommendations that encourage the condom use in 
vaginal and anal contacts. Many of them now express the 
desire for parenthood as a fundamental part of healthy family 
life and a return to normalcy. Guidelines from the American 
Society for Reproductive Medicine (ASRM) and ethical 
recommendations concerning assisted reproduction in 
people infected by HIV have recently been modified to allow 
assisted reproduction in HIV-serodiscordant couples.

34.2  HIV in Semen

Araneta et al. [11] and Matz et al. [12] reported that semen 
used for donor artificial inseminations can transmit 
HIV-1 infection. However, studies on the presence of HIV in 
sperm have yielded contradictory results. Using different 
approaches, Baccetti et al. [13] detected HIV-1 particles 
and HIV-1 DNA in ejaculated sperm of HIV-seropositive 
patients. The same group identified a specific HIV receptor, 

V. Savasi (*) and E. Ferrazzi 
Department of Obstetrics and Gynaecology, Sacco Clinical Sciences 
Institute, University of Milan Medical School, Milan, 74 20157, Italy 
e-mail: valeria.savasi@unimi.it

Chapter 34
Reproductive Treatment of HIV-1 Discordant Couples

Valeria Savasi and Enrico Ferrazzi

D.T. Carrell and C.M. Peterson (eds.), Reproductive Endocrinology and Infertility: Integrating Modern Clinical and Laboratory Practice, 
DOI 10.1007/978-1-4419-1436-1_34, © Springer Science+Business Media, LLC 2010



518 V. Savasi and E. Ferrazzi

alternative to CD4+, on the sperm membrane. This HIV receptor 
molecule is a galactosyl-alkyl-acylglycerol (GalAAG), a 
glycolipid structurally related to galactosylceramide and 
consistent with the receptor for HIV identified in CD4+ cells 
[13, 14]. At the same time, other authors report the total 
absence of HIV particles and nucleic acids in sperm [15–17], 
demonstrating that separation of seminal fluid and cellular 
elements from sperm by washing techniques, reduces the viral 
load of semen detected by PCR and RT-PCR. Semprini et al. 
[18] were the first to use washed sperm of HIV-1-infected 
men for intrauterine inseminations (IUI). There are several 
reports indicating that HIV-1 DNA cannot be found in washed 
spermatozoa separated from associated non-spermatozoa 
seminal cells and seminal plasma [16, 19, 20]. In contrast to 
these reassuring epidemiological and laboratory findings, 
there are reports indicating the possibility that HIV-1 virions 
are found attached to the sperm cells surface and even within 
its cytoplasm, by transmission electronic microscopy. Other 
papers report that proviral HIV-1 DNA can be detected 
in spermatozoa of men with acquired immune deficiency 
syndrome (AIDS), by extraction PCR, or found in spermatozoa 
of men infected with HIV-1, by in situ PCR (IS-PCR) [13, 
21–36]. To investigate these contradictory findings and to assess 
the role of sperm-washing technique in eliminating both 
HIV-1 RNA and HIV-1 DNA from semen infected with HIV-1, 
we tested the ejaculates of men infected with HIV-1 before 
and after processing semen into the three main seminal fractions 
– nonspermatozoa cells, cell-free seminal plasma, and 
spermatozoa – by highly sensitive extractive nested PCR, 
and by IS-PCR. All samples of spermatozoa recovered after 
separation by gradient centrifugation and swim-up (sperm 
washing) were free of HIV-1 RNA (above our threshold of 
50 copies/ml) and of proviral DNA (Table 34.1). This confirms 
findings of previous reports in which nested PCR [20, 37, 38] 
was used to assess the efficacy of sperm washing in HIV-
infected semen. Although other more recent methodologies 
of sperm washing [39] confirm the validity of the general 
principle of removing the cellular component of semen, 
contradictory reports could be due to: the inaccuracy of PCR 
techniques in older studies [40]; a minimum threshold 
(one viral copy) of the PCR assay used to detect viral copies, 

which is set too low [38, 41, 42]; or, an improper use of the 
definition of sperm washing [43], without the final swim-up 
of spermatozoa. Of the seven seminal plasma samples that 
tested positive for HIV-1 RNA, six were from patients on 
HAART. Four men had elevated blood viral load and three 
had an undetectable viremia. These findings confirm previous 
findings reporting discrepancies between hematologic and 
seminal HIV-1 concentrations [20, 44], either due to subther-
apeutic concentrations of antiretroviral drugs in the male 
seminal tract or due to local production of HIV-1 RNA from 
localized cells, which poorly respond to antiretroviral treatment. 
The false-positive detection of HIV-1 DNA by IS-PCR in 
semen of HIV-1-noninfected men confirm that this technique 
is not adequate for studying the presence of provirus in 
semen fractions. The presence of the virus in spermatozoa 
pellet samples could be due to the presence of nonspecific 
contaminants not completely eliminated during semen 
separation by discontinuous gradient centrifugation before 
swim-up. Alternatively, these could be real false-positive 
results due to nonspecific hybridization of IS-PCR. Bagasra 
et al. [23], Nuovo et al. [34] and Muciaccia et al. [35] showed 
the presence of provirus, through IS-PCR, in spermatozoa 
and germ cells at all stages of differentiation, from spermatogo-
nium to round spermatids. However, in none of these studies 
were proper standards for IS-PCR specificity assessed in 
noninfected males. These methodological limitations of 
IS-PCR probably explain why in recent studies this tech-
nique has been abandoned. Fiore et al evaluated the relation-
ship between the seminal HIV-1 viral load and the efficiency 
of a standardized sperm-washing procedure in removing 
HIV-1 RNA from semen samples. The results of his paper 
indicate that the amount of virus present in the original sample 
affects the efficiency of the procedure and that previous 
studies on sperm washing were performed on semen samples 
containing limited amounts of virus (generally less than 
5 × 104 copies/mL). The bias of his study was that he used 
eight semen samples from eight healthy HIV-1 seronegative 
men and he tested semen for HIV-1 RNA after adding a dif-
ferent dilution of the virus. He hypothesized that the genital 
tract represents a distinct compartment compared with the 
blood and that viral loads in semen are variable irrespective 

Table 34.1 Detection of HIV-1 RNA and HIV-1 DNA in semen compartments and in blood

Whole 
semen

Seminal 
plasma

Non sperm 
cells

Washed-separated 
spermatozoa 
before swim-up

Washed-separated 
spermatozoa after 
swim-up

Peripheral 
blood

Number of sample 48 53 38 46 46 55
HIV-1 RNA positive tests N° (%) 2 (4%) 7 (13%) 1 (3%) 1 (2%) 0 (0%) 42 (76%)
Number of samples 54 – 52 46 46 55
HIV-1 DNA positive tests N° (%) 0 (0%) – 8 (15%) 0 (0%) 0 (0%) 55 (100%)
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of plasma loads and/or antiretroviral treatment. On the 
contrary, Vernazza holds that the risk of HIV-1 virus transmis-
sion depends exclusively on the viral load of the HIV-infected 
partner and proposes “an HIV-infected person on anti-retro-
viral therapy with completely suppressed viremia cannot 
propagate HIV through sexual contact.”

34.2.1  Algorithm for Semen Processing  
and Sperm Washing with Swim Up

34.3  Semen Processing and Sperm Washing  
with Swim-Up

The following section describes the semen processing 
technique used in our work. (Algorithm for semen process-
ing and sperm washing with swim-up) Semen analyses were 
performed and samples were processed using a 40–80% 
density gradient (Pureception Kit, Sage) to separate motile 
spermatozoa from nonsperm cells, immotile spermatozoa, and 
seminal plasma. The ejaculate was layered over the gradient 

and centrifuged at 400 g for 30 min. After centrifugation, the 
supernatant was removed and the sperm pellet recovered and 
resuspended in 3 ml of fresh medium (Sperm washing 
medium, Sage). A washing at 400 g for 10 min was performed 
and the supernatant was discarded. (Algorithm for sperm 
washing with swim-up) One ml of medium was subsequently 
gently layered on the pellet and the tube was incubated at 
37° for 1 h. After swim-up, a supernatant volume of about 
500 ml was recovered and an aliquot of this volume (100 ml) 
was tested for detectable HIV-1 RNA using a Real time 
PCR assay (Biomerieux), according to the manufacturer’s 
instructions. The remaining washed sperm (400 ml) was 
stored at 4°for about 22 h and used for IUI, or IVF, IVF-ICSI 
(FIVET/ICSI) procedures, if the PCR test for HIV-1 was 
negative Fig. 34.1.

34.3.1  Algorithm for Sperm Washing  
with Swim-Up

ICSI/FIVET refers to FIVET with microdropelet insemina-
tion or ICSI using fresh or frozen spermatoza.

Fig. 34.1 Semen processing
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34.4  Assisted Reproduction

The assisted reproduction technology (ART) program was 
offered to serodiscordant couples with male HIV infection 
seeking medical assistance. Inclusion criteria were adopted 
to protect not only the couple but the possible child as well. 
Partners were to engage only in protected sexual relations. 
HIV status had to be monitored and/or treated, and long-
term compliance was assessed by an infectious disease phy-
sician. Standard laboratory criteria were adopted: (1) CD4+ 
lymphocytes >200/mm3 at least twice in the 4 months prior 
to treatment; (2) stable viral load, with no increase >0.5 log 

in two successive samples during the 4 months prior to treat-
ment; (3) infection by an quantifiable amplifiable strain of 
HIV-1. Each couple was interviewed by psychologist at 
inclusion and thereafter whenever necessary. Female fertil-
ity was assessed by standard procedures. Table 34.2 shows 
the infertility factors in the HIV discordant couples.

In clinical practice, it is important to screen the HIV dis-
cordant couples in order to identify infertility factors, consid-
ering the high prevalence of subfertility factors. One of the 
most important factors is testing for genital tract infection in 
both males and females. The exact mechanisms involved in 
male-to-female transmission of HIV-1 are as yet undefined, 
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but circumstantial evidence indicates that genital tract infec-
tions may act as facilitating factors. In sub-Saharan and 
Latino American countries, where heterosexual transfer of 
the virus is the leading cause of infection, there is a high 
prevalence of carriers of genital infections. The presence of a 
sexually transmitted pathogen recruits inflammatory cells in 
both the male and female genital tract. This may increase the 
number of HIV-1 infected cells in the semen or vaginal fluid 
of the seropositive subject, leading to a higher risk of infec-
tion for the seronegative partner. Conversely, when the infec-
tion is present in the seronegative partner, the uninfected 
inflammatory cells may become a specific target for the 
virus. For all these reasons, we studied the prevalence of 
genital tract infections in a large cohort of heterosexual HIV-
positive males who acquired the infection through drug 
addiction. To understand whether genital tract infections in 
these subjects were a consequence of their seropositivity and 
immunodeficiency or originated from their previous life 
style, we similarly tested for genital tract infections in a 
cohort of previously drug-addicted males who did not acquire 
HIV. The results are reported in Table 34.3. The data we 
report indicate that HIV-positive subjects who acquired HIV 
through drug-addiction have a high prevalence of genital 
tract infections. In the urethral samples of seropositive males, 
Mycoplasma hominis was isolated in 19% of cases and in 
only 1% of the seronegative subjects (p < 0.001). As genital 
tract infections may facilitate male-to-female transmission 
of HIV, and HIV-infected subjects often ignore the recom-
mendation for condom-protected intercourse, their detection 
and eradication may have an impact on the reduction of 
male-to-female sexual transfer of the virus.

The assisted reproductive technology laboratory used for 
the procedure was considered a “viral risk” area, and was 
separated from laboratory facilities used for couples negative 
for HIV, HBV and HCV. The ART laboratory complied with 
standard recommended safety precautions [1]. Specific pre-
cautions were implemented against the risk of HIV, HCV 
and HBV contamination as recommended by the French 
decree of May 10, 2001 [45], and the potentially infected 
gametes and embryos were handled separately. A special 
biosafety cabinet workstation was used for all tasks that 
involved handling sperm, oocytes, and embryos.

The reproductive technique of choice in serodiscordant 
couples for HIV-positive male partner, with no other infertility 
problem, is AIH after sperm washing. It is efficient, safe, and 
relatively low cost. The efficiency of the sperm-washing tech-
nique [62] was proven by a large number of AIH (n = 3,000) 
performed with safe pregnancies published in 2007. A previ-
ous review [46] reported 3,221 cycles worldwide, most of 
them in Europe. In the September 2007 issue of AIDS [61], a 
paper was presented where eight European centres offering 
assisted reproduction with sperm washing to HIV-1 serodis-
cordant couples combined their results. A total of 1,036 couples 
underwent 3,390 assisted reproduction cycles resulting in 580 
pregnancies. No transmission of HIV to the female partner 
was observed after 3,272 cycles with complete follow-up 
information. The upper level of the 95% CI of the transmission 
risk was thus 0.09%. This multicentric, retrospective study, 
included centres with different clinical approaches beginning 
as early as 1992 resulting in possible bias.

Some Reproductive Centres for HIV-1 discordant couple 
used frozen semen [37] for IUI, resulting in a negative impact 
on the number of available motile sperm after freezing [43] 
and the pregnancy rate per IUI. In agreement with Nicopoullos 
et al. [48] we found a positive trend also between IUI 
outcome and total motile cells inseminated, and for these 
reasons, it would be better use fresh semen after Real PCR.

This number of successful pregnancies after sperm wash-
ing now adds up to more than 3,000 reported cases attesting 
to the safety and efficacy of sperm washing [46]. The expe-
rience of our laboratory recommends that IUI should be per-
formed only when the semen processing includes sperm 
washing with a swim-up phase for sperm cell selection [49, 
50]. In socioeconomic areas, where HIV infection does no 
longer represent a terminal illness [10], the desire for father-
ing a child has become a legitimate, ethical, and medical 
issue [46, 51, 52]. Counselling to have unprotected inter-
course on the day of ovulation reduces the risk of  horizonatal 

Table 34.3 Microorganism isolated from urethra in HIV-1 positive 
men and their control HIV-1 negative men

Microorganism isolated from 
the urethra

HIV-positive 
subjects n 236 (%)

HIV-negative 
subjects n 202 (%)

Enterobacteriacee 10 (4.2) 23 (11.3)
Streptococci 13 (5.5) 38 (18.8)
Staphilococci 6 (2.5) 1 (0.5)
Enterobacter + Streptococci – 5 (2.5)
Haemophilus 2 (0.8) 0
Corynebacterium 1 (0.4) 0
Chlamydia 10 (4.2) 0
Mycoplasma 45 (19) 2 (1)
Gardnerella 1 (0.4) 0
Trichomonas 1(0.4) 0
Candida Albicans 2 (0.8) 0
None 169 (71) 133 (66)

Table 34.2 Infertility factors in HIV-1 discordant couples

Infertility factors (%)

<1.5 m/ml motile spermatozoa after processing 16.5
Male genital tract infections 47
Female genital tract infections 29
Monolateral or bilateral tubal damage 12
Abnormalities of the uterine cavity  7
Endometriosis  1.5
Hyperprolactinaemia 14
Anovulatory cycles  0
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transmission of HIV, but would condemn about 5% of 
women to be infected by their partners according to 
Mandelbrot et al. [53]. This is an unacceptable option when 
considered epidemiologically scale and not as a single med-
ical practice risk-perception. Adoption and heterologous 
insemination are alternatives [20].

The efficiency of IUI, with its safe outcome after semen 
separation, sperm washing, including swim-up, and its relatively 
low cost make this the technique of choice in serodiscordant 
couples for an HIV positive male partner, when no other infertil-
ity problems are involved. When the female partner is suffering 
from infertility factors, or the male partner had less than 1 × 106 
total motile cells in the final fraction after sperm washing, or 
both partners have a combination of subfertility conditions, we 
performed IVF/IVF-ICSI. The pregnancy rate per embryo trans-
fer during IVF/IVF-ICSI was in agreement with similar small 
HIV series [37] and larger non-HIV series [54]. Savasi [62] 
recently reported their experience on a large group of patients 
(500 fresh IVF/IVF-ICSI cycles) without HIV-1 transmission to 
the female partners with an adequate follow-up. Other markers 

of outcome were as good in these couples treated after sperm 
washing as in other infertility series of comparable age. The 
fertilization rate was 65% by IVF and 88% by ICSI [38]. The 
major problem with IVF/IVF-ICSI in all serodiscordant couples 
is the high multiple pregnancy rate and the associated obstetrical 
and neonatal complications associated with these high risk 
pregnancies (14% for Garrido et al. (38), and 57.1% for Pena 
et al. [55]. The additional costs of prenatal and neonatal care in 
multiple pregnancies must also be considered [56, 57]. In our 
personal experience, the multiple pregnancy rate by IVF/ICSI 
was only ten percent reflecting our caution in ovulation induc-
tion and embryo transfer. It is prudent to extend testing for 
HIV-1 by PCR after semen processing and sperm washing with 
swim-up not only for IUI but IVF and IVF-ICSI until a final 
biological marker is provided. So far, we agree with Garrido 
et al. [58] and Gilling-Smith [47] that, in order to protect patient 
from technical errors during semen washing, viral detection 
sampling prior to any assisted reproduction technique is the 
method of choice [59, 60]. (Algorithm for HIV discordant cou-
ple (Male infected)).
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34.4.1  Algorithm for HIV Discordant Couple 
(Male Infected)

*FIVET/ICSI refers to fresh IVF (microdroplet insemina-
tion) or IVF-ICSI with embryo transfer.

34.5  Conclusion

Healthcare policymakers should be made aware of the changing 
pattern of HIV infected patients in western countries in order 
to allocate resources that will prevent HIV transmission 
within serodiscordant couples who desire to participate in a 
significant part of human life: childbearing. In western coun-
tries, we recommend that assisted reproductive programmes, 
using techniques such as IUI with semen processing with 
sperm washing and swim-up, should be integrated into the 
global public health initiative against HIV.
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Abstract Induction of ovulation is primarily used for 
treatment of infertility in anovulatory women. Long-term 
management of anovulatory states may result in incidental 
or intended establishment of regular ovulation when fertility 
is not a goal, for example, when insulin-enhancing agents or 
dopamine agonists are administered to women with polycys-
tic ovary syndrome (PCOS) or hyperprolactinemia, respec-
tively. This chapter will focus specifically on induction of 
ovulation for women who desire restoration of ovulation for 
the purpose of becoming pregnant.

Induction of ovulation for fertility treatment should be 
undertaken with awareness of other potential fertility fac-
tors affecting the likelihood of conception. Most important 
among these are tubal patency and semen quality, and ide-
ally these should be evaluated prior to therapy. This is 
certainly true in the case of treatments entailing substan-
tial cost and disruption for the patient such as administra-
tion of gonadotropins. In practice, when the history is 
convincing that the male and tubal factors are very likely 
normal, and treatment is of lesser intensity and cost, evalu-
ation of male and tubal factors may be delayed until after 
a few cycles of successful ovulation have occurred without 
conception.

Keywords Ovulation induction • Anovulation • 
Gonadotropin • Clomiphene citrate • Luteinizing hormone • 
Obesity • PCOS • Cancer

35.1  Induction of Ovulation for Specific 
Disorders

35.1.1  Women with Normal Gonadotropin 
and Prolactin Levels

This category generally corresponds to WHO group II ovulatory 
disorders and includes women designated as having polycys-
tic ovary syndrome. It also includes women with absent or 
infrequent ovulation not reaching criteria for PCOS because 
of lack of clinical or biochemical evidence for increased 
androgen production and normal ovarian imaging. Subsets 
of women in this diagnostic group can be defined in terms of 
a number of criteria (hirsutism, insulin resistance, ovarian 
morphology, steroid and gonadotropin levels), but there is 
little evidence that these characteristics, or combinations 
of them, usefully predict response to different treatments.  
The exception to this statement is obesity, as several studies 
have suggested that elevated BMI is a risk factor for decreased 
response to oral ovulation induction medications, insulin-
enhancing agents, and gonadotropins [1–4].

35.1.1.1  Weight Loss

Because it is often effective as a primary therapy, and facili-
tates medical therapy if required, and because of risks of 
obesity to health in pregnancy and in general, it could be 
argued that efforts to achieve weight loss should precede 
medical induction of ovulation when obesity accompanies 
anovulation [5–7]. Although obesity alone is not a cause of 
anovulation or PCOS among most women, and although 
PCOS may exist in the absence of elevated body mass index, 
the resumption of normal cycles among obese anovulatory 
women who lose weight through lifestyle measures or bariat-
ric surgery is striking. Weight loss achieved through altera-
tion of lifestyle may restore ovulation and regular cycles 
among a large proportion of overweight or obese women 
with PCOS and enhance response to medical therapies in 
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those remaining anovulatory [5, 8, 9]. Bariatric surgery has 
been shown to be highly effective in ameliorating metabolic 
and endocrine features of PCOS and restoring ovulation in 
morbidly obese anovulatory women [10]. Together these 
observations show that expression of features comprising 
PCOS appears conditional to elevation of BMI in some 
women. In addition to a requirement of higher dosing of 
ovulation-inducing drugs, obesity has been associated with 
higher rates of early pregnancy loss in general and among 
women with PCOS treated with ovulation induction [11–13]. 
Additionally, because elevated BMI is a risk factor for gesta-
tional diabetes and cesarean section, and has long-term 
adverse consequences to general health, a program of weight 
loss is a highly appropriate and often effective approach not 
only to restoration of ovulation, but improvement in preg-
nancy outcomes among obese, anovulatory women desiring 
pregnancy [5].

35.1.1.2  Triphenylethylene Derivatives: Clomiphene 
and Tamoxifen

Clomiphene citrate has been used for over 40 years to induce 
ovulation in normogonadotropic anovulatory women and 
remains the first line drug of choice [14]. Overall success 
rates for establishment of ovulation in unselected series are 
typically in the vicinity of three quarters of patients or more, 
pregnancy rates per ovulation may be lower than in normal 
spontaneously ovulatory women, and likelihood of preg-
nancy in treatment series is a function of number of cycles 
studied, patient age, and other fertility factors [15]. Obesity 
may predict a lower likelihood of response to clomiphene, or 
need for higher dosing, but other clinically useful prognostic 
factors have not been identified [1, 3]. Clomiphene’s com-
panion triphenylethylene derivative, Tamoxifen, is used sim-
ilarly to Clomiphene in European practice at slightly lower 
dosing and achieves comparable results [16, 17].

Pharmacology

Clomiphene citrate is marketed as a racemic mixture of two 
steroisomers, with different activities and rates of clearance. 
The cis isomer, enclomiphene, is the most antiestrogenic, 
and the shortest lived in the circulation, while much less 
activity is attributed to the trans isomer, zuclomiphene, which 
has a half-life sufficiently long that it may accumulate in the 
circulation over successive cycles of use [18–20]. No phar-
macologically important or teratogenic influence has been 
attributed to the persistence of zuclomiphene in the circula-
tion, and physiologic and endocrine responses to clomiphene 
are similar across successive cycles of administration [21]. 
Both isomers can be considered selective estrogen receptor 

modulators, exerting weak estrogen agonist effects, which 
are dominated by antagonistic effects against a background 
of normal circulating estrogen levels in the reproductive-
aged woman [22]. Following association of clomiphene with 
estrogen receptor, its dissociation is delayed, reducing estro-
gen receptor levels available for estrogen action within the 
cell. Its primary mechanism of action is central, at the hypo-
thalamus, where loss of estrogen feedback results in increased 
GnRH pulse frequency and amplitude, although other sites 
of action may contribute to its ovulation restoring effect [23–
26]. In anovulatory women with a competent hypothalamic 
pituitary unit the resultant increase in gonadotropin levels is 
often sufficient to initiate folliculogenesis for one or more 
susceptible ovarian follicles. Folliculogenesis in clomiphene-
induced ovulation is characterized by slightly greater follicle 
size at the time of the LH surge than in spontaneous cycles 
among normal women [27–29]. Multiple follicular develop-
ment is common, and dose requirements for acceptable num-
bers of mature follicles are difficult to predict. Doses as low 
as 25 mg daily for achievement of numerically safe folliculo-
genesis may be necessary in some women using clomiphene 
either for ovulation induction or superovulation.

Dosing and Administration

Clomiphene is usually given daily doses over 5 days begin-
ning shortly after the onset of ovulatory menses or progestin-
induced withdrawal bleeding. No significant differences in 
ovulation and pregnancy rates are associated with drug ini-
tiation on the second through fifth days from onset of men-
ses, though earlier start days may improve pregnancy rates 
when clomiphene is used for superovulation therapy [30, 
31]. Therapy is commonly initiated at 50 mg/day for 5 days 
and titrated upward in 50 mg/day increments until an ovula-
tory response is achieved. Response to clomiphene remains 
consistent over sequential cycles of therapy [21]. The maxi-
mal approved dosage is 150 mg/day, and failure to respond at 
this dose commonly defines “clomiphene failure,” though a 
few patients unresponsive to this dose will respond to doses 
as high as 250 mg/day in some reported clinical series [1, 
15]. Lengthening the period of clomiphene administration 
has been reported to elicit an ovulatory response among 
some patients failing at the standard doses and durations of 
therapy [32, 33]. Adjunctive medications, including insulin-
enhancing agents and glucocorticoids, and pretreatment with 
oral contraceptives may result in ovulation among patients 
failing with standard clomiphene regimens and are discussed 
further below.

An endogenous LH-surge occurs highly reliably if ade-
quate folliculogenesis occurs. In settings where insemination 
is part of the treatment, administration of hCG, based on 
ultrasound measurements of follicular diameters is often 
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given in order to time insemination [34]. Ovulation occurs 
on an average of 38 h after hCG administration but with a 
range of intervals of over 12 h [35, 36].

Monitoring

Response to clomiphene can be documented inexpensively 
and conveniently by one or combinations of the following: 
detection of an LH surge using commercially available kits, 
basal temperature records, progesterone determinations 
timed to the anticipated midluteal phase, and the subsequent 
occurrence of timely, normal menses. Addition of midcycle 
ultrasound monitoring of numbers of follicles of mature size 
to assure adequate but not excessive response may add safety 
and shorten the time to achievement of an appropriate dose. 
In cycles without follicular response, upward dose adjust-
ment that follows a short course of progestin can be planned 
at the time of ultrasound. In the event that excessive numbers 
of responsive follicles are found, interruption of the cycle 
and prevention of pregnancy with high-dose progestins can 
be instituted. If ultrasound is used, ultrasound monitoring in 
subsequent cycles is likely unnecessary in future cycles once 
a clomiphene dose providing an effective, yet safe response 
is seen.

Adverse Effects

Clomiphene’s antiestrogenic effects are considered an expla-
nation for poor estrogenization and reduced endometrial 
growth during the follicular phase of the cycle; most observ-
ers have found increased rates of attenuated preovulatory 
changes in cervical mucus and reduced thickness of prolif-
erative phase endometrium when clomiphene is used for 
superovulation or ovulation induction [15, 28, 37–39]. Some 
of these effects may be attributable to the elevation of preo-
vulatory progesterone levels seen in clomiphene cycles [40]. 
These effects are variable, with little evidence for a dose–
response relationship, and for cervical mucus, are difficult to 
quantify reliably [41]. They do not appear to worsen over 
successive cycles of therapy, and studies have not confirmed 
an adverse effect of these changes on likelihood of pregnancy 
in clomiphene-treated cycles [21, 42, 43]. On the other hand, 
it has been shown that estrogen supplementation may increase 
endometrial thickness in clomiphene cycles, and that this 
effect is associated with improved probabilities of pregnancy 
[44, 45]. This observation is difficult to reconcile with the 
observation that estrogen levels are appropriately elevated in 
the preovulatory period (often greatly so and in proportion to 
the number of follicles matured) in women with poor cervi-
cal mucus quality or endometrial development. The altera-
tions in cervical mucus and endometrial development have 

been proposed to account for the “discrepancy” between 
ovulation rates and pregnancy rates among clomiphene-
treated women. However, when expressed as events per ovu-
latory cycle, pregnancy rates among anovulatory women 
treated with clomiphene are not greatly discrepant with rates 
for fertile populations and do not take into account other fac-
tors that may affect fecundity in infertile couples for whom 
clomiphene is prescribed.

Residual ovarian cysts are seen after cycles of ovulation 
induction, though it is not clear that the likelihood of residual 
structures is greater for clomiphene-stimulated than sponta-
neously ovulatory follicles [46]. Resolution of these occurs 
similarly with expectant management or use of hormonal 
suppression [47, 48]. Conduct of induction of ovulation with 
clomiphene despite persistent cyst may result in slightly 
lower rates of ovulation, though a difference in rates of con-
ception has not been shown [49].

Side Effects

Principal side effects for patients using clomiphene are vaso-
motor symptoms and mood changes, usually limited to the 
time around administration of the medication. Both are vari-
able in intensity, and common, but careful studies of their 
prevalence, severity, and impact of quality of life for infertile 
patients are needed [50, 51]. Less commonly patients may 
experience visual symptoms. Because there are rare reports 
of long-term persistence of visual symptoms or optic neu-
ropathy, clomiphene should be discontinued when visual 
complaints are prominent or persistent [52, 53].

Pregnancy Outcomes

Although some reports have suggested an increase in the rate 
of spontaneous abortion among pregnancies resulting from 
clomiphene induction of ovulation, most case series and clini-
cal trials do not find evidence for such an effect [54–56]. 
Numerous series [57–59] show little evidence for a terato-
genic influence of the drug [59–61]. Small increases in risks 
for specific birth defects (neural tube defect and hypospadius) 
have been reported in some series, but these are inconsistently 
reported, and the subfertile state itself appears to confer such 
risks independent of treatment [57–59, 62, 63]. Several preg-
nancy complications are reported to be increased among 
women with PCOS who have undergone induction of ovula-
tion, findings that are may be attributable to the comorbidities 
of PCOS, including increased BMI and insulin resistance or 
other unknown factors associated with infertility [64, 65].

The most important risk associated with the use of medical 
agents for induction of ovulation and superovulation is mul-
tiple pregnancy and particularly high-order multiple pregnancy. 
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The contribution to the burden of multiple pregnancy in the 
USA is roughly equivalent for ovulation induction treat-
ments and ART [66]. Risk of multiple pregnancy is related 
to age and to the number of follicles achieved. Judicious 
dosing, use of ultrasound monitoring, and willingness 
to interrupt cycles at risk are mainstays in reducing risk 
of multiple pregnancy. High-order multiple pregnancy is 
related not only to follicles at diameters commonly thought 
to indicate maturity, but to numbers of intermediate (12 mm 
or more) sized follicles [67, 68]. Measurements of serum 
estradiol levels are complementary to ultrasound for indi-
cating follicular maturity and risks for multiple gestation 
and OHSS [69].

Adjunctive Measures

Because treatment of patients failing to respond to clomi-
phene has until recently presented only the choice between 
surgical management (laparoscopic ovarian ablative thera-
pies) or the complex and expensive administration of gonad-
otropins, a variety of adjunctive medical regimens to increase 
ovulation rates associated with clomiphene therapy have 
been evaluated [17]. Clomiphene resistance is not clearly 
defined in the literature, but most studies of alternative meth-
ods for ovulation induction define clomiphene resistance 
among their subjects as failure to ovulate at a clomiphene 
dose of 150 mg given for 5 days. The advent of aromatase 
inhibitors for ovulation induction can be added to the alter-
natives to progression to surgical or gonadotropin therapy, 
and these are discussed separately later following discussion 
of adjunctive measures.

Clomiphene with Dexamethasone

Dexamethasone administration augments responsiveness to 
clomiphene and is an effective adjunct when clomiphene 
alone does not achieve ovulation [17]. Initial observations 
suggested that the benefit from dexamethasone related to the 
presence of increased levels of circulating DHEAS [70–73]. 
Other series and recent randomized clinical trials show a 
benefit of dexamethasone without respect to DHEAS levels 
[74–76]. The mechanism for the observed benefit of gluco-
corticoids is obscure, particularly in view of their effective-
ness without regard to levels of circulating androgens. They 
increase insulin resistance and must act quite differently than 
insulin-enhancing agents. Two studies have shown that 
approximately half of patients failing to ovulate at clomi-
phene doses of 150 mg for 5 days will ovulate if dexametha-
sone at a dose of 1-mg BID is initiated with clomiphene and 
continued for 10 days [75, 76].

Insulin-Enhancing Agents

Insulin-enhancing agents alone result in restoration of 
ovulation for women with WHO group II anovulation and 
have been shown to enhance responsiveness to clomiphene 
[77–83]. Response to metformin has not been consistently 
correlated with obesity or measures of insulin resistance, sug-
gesting mechanisms of action other than correction of hyper-
insulinemia [84, 85]. Several studies have shown ovulation 
rates greater than 50% among women with PCOS using 
metformin in doses of 1,500 mg/day as a primary therapy  
[77, 82, 86, 87]. Other insulin-enhancing agents have shown 
similar activity, but the majority of studies concern metformin 
[88–90]. The likelihood of establishing regular ovulation with 
these agents increases over a period of several months of drug 
administration [82]. Some studies have supported primary or 
adjunctive use of metformin with clomiphene as a first line 
therapy for PCOS [77, 82]. More recent evidence from multi-
center clinical trials does not support use of metformin as a 
first line agent either alone, or with clomiphene for induction 
of ovulation in PCOS patients. Metformin alone or in combi-
nation with clomiphene does not increase rates of ovulation, 
conceptions per ovulation, or rates of ongoing pregnancy 
among subjects that conceived [7, 55, 56, 82, 91]. Metformin 
does not reduce the threshold dose for Clomid effectiveness 
when used as a first line therapy [56, 92]. Metformin does 
represent an alternative to clomiphene for those intolerant of 
it, or as an adjunctive measure when clomiphene alone does 
not induce ovulation [81, 93–95]. Its effectiveness appears 
greater when its use is accompanied by loss of weight [9]. 
The effect of differing durations of metformin therapy prior 
to clomiphene administration remains uncertain and dose–
response characteristics are not well elucidated [96]. 
Metformin has been held to reduce the risk of spontaneous 
abortion among women with PCOS [82, 97]. Where shown 
effective in this respect, spontaneous abortion rates in control 
groups not receiving metformin were exceptionally high, and 
an abortion-sparing effect of metformin is not confirmed in 
large, multicenter, randomized trials [55, 56].

Suppression of Ovarian Function as a Pretreatment

Treatment with long-acting GnRH agonists or with oral con-
traceptives may result in subsequent resumption of regular 
ovulation, at least for a time, for some women with chronic 
anovulation. In line with this effect, it has been shown as 
well that likelihood of ovulation among clomiphene-resistant 
women is increased from 8 to 71% by pretreatment with 6–7 
weeks of continuously administered combined oral contra-
ceptives. Subsequent treatment cycles are more often ovulatory, 
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and pregnancy rates substantially increased as a result of 
pretreatment with hormonal contraceptives [98, 99].

Other Adjunctive Agents

Bromocriptine has been employed with limited success as an 
adjunct to clomiphene, and there is insufficient evidence to 
support its use [17]. Pulsatile gonadotropin releasing hor-
mone administration may be effective, but clinical evidence is 
insufficient to support its use in clinical practice [100, 101].

35.1.1.3  Aromatase Inhibitors: Letrozole and 
Anastrozole

Transient inhibition of estrogen production with aromatase 
inhibitors (AIs) appears to act similarly to the transient estro-
gen receptor modulation effected by clomiphene and tamox-
ifen in causing a rise in levels of FSH and initiation of 
folliculogenesis. Both agents have shorter half-lives than 
clomiphene (approximately 2 days, and 3 days for Anastrozole 
and Letrozole, respectively) [102]. Use of AIs for ovulation 
induction has a much briefer history than use of clomiphene, 
but there is substantial evidence for efficacy.

Letrozole has been studied at doses of 2.5–7.5 mg per day, 
and Anastrozole at doses of 1 mg, both given for 5 days early 
in the cycle, and both have been used to induce ovulation in 
normogonadotropic, normoprolactinemic anovulation, with 
no evidence in a difference in effectiveness [17, 103, 104]. 
For induction of ovulation, rates of ovulation and conception 
compare favorably with outcomes seen with clomiphene 
[105–110], and outcomes when either clomiphene or 
Letrozole are used in protocols for superovulation and insem-
ination are similar as well [111, 112]. The two agents appear 
equivalently effective in inducing ovulation in more than half 
of women with PCOS deemed clomiphene resistant [13, 104, 
113]. These agents differ from clomiphene in their effects in 
several respects, however. Successful ovulation induction 
with aromatase inhibitors rarely results in more than two pre-
ovulatory follicles, reducing the concern for high-order mul-
tiple pregnancies as seen with clomiphene [105, 109, 114]. 
Because of this, there appears to be less need to avert multiple 
gestation with ultrasound monitoring. There is evidence in 
some studies for a less frequent problem with the reduced 
endometrial proliferation seen with clomiphene when aro-
matase inhibitors are used [105]. These differences may owe 
to the shorter half-life of aromatase inhibitors or more funda-
mental aspects of their mechanism of action.

Aromatase inhibition during pregnancy may be terato-
genic. A single unpublished report has linked induction of 
ovulation with aromatase inhibitor to birth defects among 

resulting offspring. This concern is mitigated by a large cohort 
study in which the frequency and types birth defects after aro-
matase inhibitor induction of ovulation were found equivalent 
to those after induction of ovulation with clomiphene, and 
within expectations for the birth population at large [61]. 
Moreover, such teratogenesis lacks biologic plausibility 
owing to the brief half-lives of these agents, since exposures 
of any type that occur prior to ovulation have not been shown 
teratogenic. Because of concerns for teratogenesis, and 
despite this reassurance, Letrozole (as Femara) is labeled 
with a black box warning regarding use in women anticipat-
ing pregnancy. Clinicians who do use aromatase inhibitors 
are impelled nevertheless to make patients aware of these 
concerns and to assure that they understand them. Informed 
consent is commonly advised. Most importantly, use of aro-
matase inhibitors should be accompanied by precautions to 
administration to patients who are unknowingly pregnant.

Aromatase inhibitors may offer advantages over clomi-
phene in efficacy for both ovulation and achievement of 
pregnancy, but this inference is not supported by substantive 
head-to-clinical trials. Moreover, the cloud of imputed terato-
genesis will linger and be difficult to dispel with finality. 
Hence, aromatase inhibitors at present, in most practices, 
remain second-line agents, to be used for clomiphene-resistant 
women or women intolerant of clomiphene [14].

Surgical Methods

Surgical reduction of ovarian volume is an alternative to 
gonadotropin administration if antiestrogens, aromatase 
inhibitors, adjunctive dexamethasone, and insulin-enhancing 
agents have failed. Following on the original observations of 
Stein and Leventhal, numerous contemporary studies have 
shown that various measures for reduction of ovarian volume 
restore ovulation. Various new methods for ovarian vol-
ume reduction result in rates of ovulation and pregnancy 
comparable to those achieved for PCOS patients with gonad-
otropins, and some of these indicate a favorable comparison 
with respect to cost of treatment [17, 115–122]. Even though 
oocyte retrieval during ART may confer this effect and 
increase the likelihood of subsequent resumption of ovula-
tion in women with PCOS [99], one trial has found that met-
formin is as effective as ovarian diathermy in restoring 
ovulation in clomiphene-resistant women, suggesting that 
this should be tried before resorting to surgery. Those not 
ovulating after ovarian volume-reducing procedures may 
nevertheless become more responsive to medical measures 
for ovulation induction [119]. Newly reported success using 
ultrasound-guided methods offers lower cost and less inva-
siveness [121]. Despite conclusions in some quarters that use 
of surgical methods should precede resorting to gonadotropins, 
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most centers in the USA favor the latter for clomiphene-
resistant patients [123]. It is likely that widespread use of 
ovarian volume-reducing interventions has not occurred 
because of surgical risks related to procedures, the poorly 
characterized risk of significant adnexal adhesions, and 
unknown long-term effects on ovarian reserve [124]. Many 
clinicians never or rarely use surgical approaches for ovula-
tion induction in PCOS patients, while others appear to use 
this approach liberally and in preference over use of 
gonadotropins.

Gonadotropins

Gonadotropin administration is the medical therapy of last 
resort for normogonadotropic, normoprolactinemic anovula-
tion because of cost, intensiveness of monitoring, and atten-
dant risks. Moreover, these patients present unique difficulties 
in the achievement of ovulation that is both safe and effec-
tive. Management of these patients with gonadotropins is 
discussed as a separate topic in the section on use of gonado-
tropins for ovulation induction in hypogonadotropic 
hypogonadism.

35.1.2  Hyperprolactinemia

Evaluation and treatment of disorders of prolactin excess is 
the subject of a separate chapter in this volume. When pro-
lactin elevation is not due to medications or hypothyroidism, 
dopamine agonists are the primary and specific therapy for 
restoration of ovulation. Agents currently in use include 
bromocriptine, use of which is supported by 30 years of 
experience, and cabergoline, which offers less-frequent 
administration, often greater tolerability, and possibly a 
greater likelihood of effecting long-term resolution of hyper-
prolactinemic disorders after a course of therapy.

Characterization of hyperprolactinemic disorders awaited 
the development of sensitive and specific radioimmunoassays 
for human prolactin and advances in imaging the pituitary and 
its vicinity [125–129]. Although spontaneous or clomiphene-
induced ovulation and conception can occur when prolactin 
levels are substantially less than 100 ng/ml, most patients were 
found to require specific treatment to normalize prolactin 
levels [130–133]. Dopaminergic therapy with bromocriptine 
initially competed with transphenoidal surgery as a primary 
therapy [134, 135]. Three principal lines of evidence led to the 
contemporary treatment paradigm that recognizes medical 
therapy as the primary management tool for restoration of 
ovulation for hyperprolactinemic states. First, idiopathic and 
microadenoma-related hyperprolactinemic exhibits a generally 

benign natural history, and spontaneous regression is not 
uncommon with or without intercedent pregnancy [100, 136–
141]. Second, although adenomas may enlarge during preg-
nancy, clinically important progression is uncommon and can 
more often than not be managed medically [142–146]. Finally, 
surgical therapy, in addition to costs and risks is often followed 
by frank tumoral or biochemical recurrence of hyperpro-
lactinemia [147]. Symptomatic enlargement may occur in as 
many as one sixth to one fourth of pregnancies complicated by 
macroprolactinomas, and prepregnancy debulking decreases 
this risk substantially, such that surgery continues to have a 
place for management of large prolactin-secreting tumors 
[146, 148].

Bromocriptine remains the agent of choice for restoration 
of ovulation for fertility in hyperprolactinemic states [149–
151]. Bromocriptine administration is given daily and is often 
effective at very low doses (e.g., 1.25 mg). Bromocriptine 
use is frequently accompanied by gastrointestinal side 
effects, headache, and orthostatic hypotension. Slow pro-
gression of dosing to levels required to restore ovulation 
reduces prevalence and severity of side effects, as does vagi-
nal administration [152–157]. Vaginal admininstration is 
associated with enhanced pharmacokinetics, and dose 
requirements should be correspondingly lower [158]. 
Monitoring is usually based on establishment of menses and 
clinical measures of ovulatory response. Prolactin levels can 
guide therapy, but it is notable that regular ovulation may 
occur when prolactin levels are suppressed, but remain above 
the normal range. Monitoring adenomas with imaging dur-
ing therapy to restore ovulation is only of utility when the 
status of large lesions is a concern. No teratogenic effect of 
bromocriptine has been demonstrated, and its use in preg-
nancy is widely held safe, but it is usually discontinued once 
pregnancy is recognized [138, 159]. Because of much greater 
and longer experience with its use in pregnancy, bromocrip-
tine is the drug of choice for symptomatic enlargement of 
prolactinomas during pregnancy; this is rare and occurs 
almost exclusively when macroprolactinomas are present at 
the outset of treatment [148, 150, 160, 161]. Bromocriptine 
is preferred over cabergoline for management of symptom-
atic adenoma progression in pregnancy. Continuation of bro-
mocriptine during pregnancy when macroadenoma is present 
as a preventive for symptomatic enlargement has been 
reported, but evidence does not support this approach in 
favor of observation with reservation of use of medication if 
enlargement occurs [148, 162].

Cabergoline shows greater efficacy and tolerability 
than bromocriptine and is often effective for patients not 
responding to bromocriptine [150, 151]. Use and monitoring 
are similar to bromocriptine, but dosing is lower and less 
frequent; therapy is initiated at 0.5 mg twice weekly. 
Cabergoline appears more likely than bromocriptine to 
cause induction of long-term remission of prolactinomas 
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and hyperprolactinemia [163–166]. It is generally now 
regarded as the first line medical agent for treatment of 
hyperprolactinemia when pregnancy is not desired. There is 
no evidence of teratogenicity for cabergoline, but its long 
half-life and limited data regarding safety in pregnancy lead 
most authors to recommend bromocriptine as a first line 
agent when fertility is sought, or advise suspension of cab-
ergoline in the cycle prior to conception [151, 167, 168].

Clomiphene may be effective in some patients with mod-
est elevations of prolactin who are intolerant of dopaminer-
gic medications or when dopaminergic therapy results in 
incomplete normalization of prolactin levels [130, 149, 169]. 
The addition of hCG administration once follicle develop-
ment occurs may be helpful in assuring ovulation when clo-
miphene is used in these circumstances, as estrogen-mediated 
positive feedback on LH secretion is blunted in the presence 
of elevations in prolactin levels [170].

35.1.3  Hypogonadotropic Hypogonadism

Induction of ovulation for women with hypogonadotropic 
hypogonadism ordinarily requires administration of gonado-
tropins. A trial of antiestrogen or aromatase inhibitor therapy 
may occasionally be successful for patients with functional 
hypothalamic amenorrhea, but most women in this diagnostic 
category have insufficient hypothalamic and or pituitary com-
petence to respond to these agents [171]. Direct stimulation 
of folliculogenesis with gonadotropins bypasses the need for 
hypothalamic–pituitary competence and is also effective in 
patients with PCOS who are unresponsive to antiestrogens, 
aromatase inhibitors, and insulin-enhancing agents. Admini-
stration of gonadotropins is not a first line therapy for anovu-
lation, except in situations where inadequacy of endogenous 
gonadotropin secretion is known to exist, because use of 
gonadotropins is expensive and entails greater risks. Costs 
attendant to gonadotropin therapy include the high costs of 
the agents themselves and the need for frequent ultrasound 
and or laboratory assessment of response. Complications 
associated with gonadotropin use include ovarian hyperstim-
ulation syndrome (OHSS) and multiple pregnancy.

Gonadotropins were first used prior to the availability of 
ultrasound or rapid assays for determination of serum or uri-
nary estrogens. Response was monitored by cervical mucus 
changes (reflecting estrogen production), and later with the 
addition of assays of 24-h urinary estrogens. The advent of 
RIA technology for assay for serum estradiol and ultrasound 
imaging have improved the precision of monitoring patients 
during therapy and have added increased ability to avoid 
OHSS and high-order multiple pregnancy.

Gonadotropin preparations have undergone considerable 
evolution since the use of initial products prepared from the 

urine of postmenopausal women. Newer gonadotropin products 
of (human) biologic origin benefit from improved purifica-
tion as well as selective purification methods for FSH. 
Subsequent advances have led to development of recombi-
nant methodologies for synthesis of both FSH and LH, 
though only the former is in current clinical use.

FSH and LH both have important roles in natural follicu-
logenesis, but in patients with even nominal background LH 
secretion, FSH is sufficient for induction of functional preo-
vulatory follicles. In patients with profoundly suppressed or 
absent gonadotropins, folliculogenesis may occur without 
sufficient accompanying estrogen synthesis, and in these 
patients use of LH, even in low amounts, corrects this abnor-
mality and presumably improves the chance of pregnancy. 
LH activity alone can drive folliculogenesis in follicles of 
intermediate size and greater, and LH (or hCG) can be sub-
stituted for FSH without consequence to ongoing follicular 
maturation once mid-sized follicles are achieved [172]. 
There is good evidence that inclusion of LH activity in the 
gonadotropin preparation used results in selective stimula-
tion of lead follicles, with reduction in the number of inter-
mediate sized follicles present in the course of ovulation 
induction or superovulation [173–176]. Inclusion of low-
dose hCG in protocols using FSH preparations has been 
shown to create this outcome as well. Use of preparations 
including LH, or low-dose hCG provides equivalent effec-
tiveness in achieving pregnancy, but the predicted concomi-
tant reduction in the risk of multiple pregnancy and OHSS 
has not been shown in clinical trials.

35.1.3.1  Pharmacology of Gonadotropin 
Preparations

Gonadotropins are secreted and circulated as populations of 
glycoprotein hormones that are heterogeneous in pharma-
cokinetics and bioactivity by virtue of variation in degrees 
and nature of glycosylation and sulfonation [177]. Circulating 
isoforms are separable by isoelectric focusing, have differing 
pharmacokinetics and biologic activities, and are present in 
different proportions in different commercial preparations 
[178–181]. Preparations derived from purification of urine 
contain inactive and unrelated proteins [182].

Preparations containing both FSH and LH are prepared so 
that the two gonadotropins have equal numbers of interna-
tional units activity per unit volume. Because human meno-
pausal urinary FSH bioactivity exceeds FSH activity in 
purified preparations, hCG is added to achieve the desired 
unit equivalency of FSH and LH activity. hCG may account 
for most of the LH activity in such preparations [182, 183]. 
Owing to the long half-life of hCG, preparations including 
hCG to confer LH activity will confer an increase in LH 
activity over successive days [184]. Since LH activity can 
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contribute to follicular growth in intermediate and larger 
follicles, this characteristic likely has pharmacodynamic 
implications when comparing FSH only to FSH/LH prepara-
tions [172, 174].

FSH, by virtue of greater glycosylation, persists longer in 
the circulation than LH, and with a terminal half-life of 
approximately one and one-half days can accumulate during 
a course of therapy whereas this is less so for LH [185–188]. 
Preparations of FSH that utilize modifications of the FSH 
molecule that confer a substantially longer half-life and 
require less-frequent dosing have been studied, but are not in 
current production for use [184, 189].

FSH and LH in clinically used products are standardized 
against recognized reference preparations using in vivo 
bioassay, and because of molecular heterogeneity that differs 
according to the method of preparation or synthesis these 
show differences in bio- and immmunoreactivity according 
to the method of measurement [190–192]. Despite differ-
ences in FSH pharmacokinetics and measures of bio- vs. 
immunoreactivity between traditional, highly purified uri-
nary preparations and recombinant products, clear evidence 
for practical clinical significance for these differences is lim-
ited [193–198]. Some trials and metanalyses of trials do 
show small differences in clinical outcomes according to the 
gonadotropin preparation used [176, 199–202]. Whether or 
not advances in production of gonadotropins have led to 
improvements in clinical outcomes, newer more purified 
products allow for subcutaneous, rather than intramuscular 
administration [203], and recombinant techniques allow for 
easier control of purity and consistency of preparations. In 
practice, cost, access, and route of administration required 
are often factors in choice of product.

Daily dosing, which is usual practice, results in patterns of 
gonadotropin levels markedly dissimilar from those seen in 
the course of normal ovulatory physiology (lack of pulsatility, 
achievement of single maximum over 24 h approximately 
12 h after injection, and gradual accumulation of levels over 
the days of follicle recruitment). Despite this, daily injection 
has not been shown inferior to or been replaced by regimens 
using more frequent or pulsatile administration [204–206]. 
Pharmacokinetics after intramuscular or subcutaneous admin-
istration of recombinant preparations are similar, even in 
obese women [203]. Obesity is associated with an increase in 
dose requirements in WHO type II patients that is not related 
to differences in pharmacokinetics [2, 203, 207].

35.1.3.2  Administration

Typical regimens for gonadotropin administration initiate 
gonadotropins after withdrawal bleeding (postovulatory 
or progestin-induced) of the endometrium, and superovula-
tion regimens typically commence on day 3 of menses. 

Dosing in each cycle seeks to achieve a response providing 
a desirable number of mature oocytes without incurring the 
risk of multiple gestation or OHSS. Patients vary consider-
ably with respect to the effective threshold dose for initia-
tion and maintenance of follicular maturation, and this dose 
is generally inversely related to ovarian reserve and hence 
age. FSH receptor polymorphisms and as-yet-undetermined 
factors contribute to interindividual responsiveness to 
gonadotropin preparations, such that dosing is empiric and 
individualized based on response [208].

Monitoring for a follicular response predicting fertile 
ovulation, but not excessive response is essential. Achieve-
ment of ovulation is not the principal challenge with induc-
tion of ovulation using gonadotropins; rather, it is the 
achievement of a response that is safe with regard to the risks 
of multiple gestation and OHSS. Monitoring to prevent 
OHSS and multiple gestation relies on an integration of bio-
physical and hormonal data. Typical monitoring, therefore, 
utilizes ultrasound after 5 days of daily administration at the 
initially selected dose, with subsequent dosing and intervals 
for repeat assessments based on ultrasound findings and 
estradiol levels.

Ultrasound monitoring is used for measurement of endo-
metrial thickness, and determination of numbers and size of 
ovarian follicles, and ovarian volume. Because follicle matu-
rity and competence for ovulation may occur over a wide 
range of diameters, serum levels of estradiol provide com-
plementary data that aid importantly in assessment of func-
tional maturity of follicles on the one hand and of the risks of 
multiple gestation and OHSS on the other [209, 210]. 
Circulating estradiol levels peak approximately half day after 
the preceding dose of gonadotropins, and standardization of 
times for drug administration and serum draw for determina-
tion of estradiol response (usually evening and morning, 
respectively) is a common practice for this reason [211]. 
Current practice views the complementary use of utlrasound 
and estrogen measurement essential for effectiveness and 
safety of therapy [34, 69, 212–215]. It is important to note 
that numbers of intermediate (9–15 mm) as well as mature 
follicles contribute to the prediction of OHSS and multiple 
gestation [67, 68, 216–219]. Interpretation of estradiol levels 
assumes that competent mature follicle accounts for 200–
400 pg/ml of circulating estradiol and that risks for OHSS 
and multiple gestation increase as levels approach 1,000 pg/
ml [209, 216, 219]. Reliance on estradiol levels alone can be 
misleading, however, and numbers of dominant as well as 
intermediate-sized follicles are more predictive of multiple 
gestation than estradiol levels [218, 220–222]. Younger age 
increases risks for OHSS and multiple gestation and should 
be factored into assessment of risk as predicted by ultrasound 
and estradiol levels [216, 221].

Serum anti-Mullerian hormone level at baseline has been 
shown to be a predictor of OHSS among women undergoing 



53335 Ovulation Induction

controlled ovarian stimulation for ART, as has free serum 
vascular endothelial growth factor concentration on the day 
of hCG administration [223, 224]. These may achieve use-
fulness in selection of type and dose of gonadotropin agents 
and monitoring procedures to prevent OHSS in women 
undergoing ovulation induction with gonadotropins.

Follicles with diameters of 16 mm are viewed as capable of 
release of a mature oocyte, though smaller follicles do contrib-
ute to the risk of multiple gestation. When lead follicles reach a 
mean diameter of 18 mm, and if measures of risk for multiple 
gestation and OHSS are permissive, ovulation is triggered with 
administration of 10,000 international units of hCG subcutane-
ously or intramuscularly [225]. Reducing risk for development 
of OHSS by using lower (5,000 IU) doses of hCG, or by using 
recombinant LH, with its much shorter half-life has been pro-
posed. Such approaches lack validation with significant num-
bers of subjects, and a commercially available preparation of 
recombinant LH is not currently available [194, 226].

Luteal function may be truncated in patients without suf-
ficient endogenous LH, and this is typically corrected either 
with supplemental progesterone or a booster injection of 
hCG several days after the ovulatory dose of hCG is given. 
Extending luteal function with additional hCG can increase 
the risk of OHSS.

35.1.3.3  Use of Gonadotropins for WHO Group II 
Anovulation

The therapeutic window for gonadotropin dosing for patients 
with WHO group II anovulation is notoriously narrow. 
Increased follicular responsiveness in these patients is attrib-
utable to the size of the cohort of responsive follicles, not to 
a difference in sensitivity to gonadotropins at the level of the 
follicle [227]. Dose increases that are too frequent or too 
great in magnitude can lead to sudden generalized folliculo-
genesis that threatens the development of OHSS and high-
order multiple pregnancy that necessitate cycle cancellation. 
Baseline ovarian volume in these patients is a predictor for 
difficulty in achieving safe follicular development for both 
ovulation and conception, and increased body weight pre-
dicts higher dose requirements [2, 228]. Formulas for predic-
tion of a safe and effective initial dose of gonadotropin have 
been attempted, but management in most centers is empiric 
and based on observation for response as dose is increased 
[229]. Low initial dosing followed by gradual dose increases 
as dictated by response has been repeatedly affirmed as a 
superior strategy for eliciting safe ovulatory responses for 
these patients [160, 203, 207, 230–240]. Decreased fre-
quency of dosing is another version of this approach and has 
shown promise [241]. A 3-day initiation at high doses of 
FSH followed by chronic low-dose strategies may offer 
advantages over conventional chronic low-dose protocols [242]. 

The chronic low-dose regimen appears safer and is more 
likely to result in pregnancy than a clomiphene–menotropin 
sequential regimen [243]. Chronic low-dosing protocols vary 
somewhat, but typically initiate therapy at 75 IU or less and 
space dosing increments of 37.5 IU, if required, initially by 
7–14 days and thereafter by 7 days [244]. Use of prepara-
tions with LH activity may aid in achieving focused rather 
than generalized follicular development, and regimens 
converting from FSH to LH activity alone (as low-dose hCG) 
may enhance this desired effect further [174, 245–247]. 
There is evidence that the adjunctive use metformin 
reduces the risk for excessive follicular recruitment by FSH  
[248, 249].

Numerous studies have shown that the total dose of gonad-
otropins required for ovulation induction in clomiphene-
resistant patients can be reduced by following administration 
of clomiphene with gonadotropins [250–252]. A similar 
benefit has shown that Letrozole is used at the initiation of 
cycles of gonadotropin therapy [253]. Pulsatile subcutaneous 
administration of FSH has been used for induction of ovula-
tion with success, but offers no advantage over daily adminis-
tration [205]. Addition of GnRHa suppression to pulsatile 
administration regimens is clinically effective, but it has not 
been shown to be superior [254].

35.1.4  Hypergonadotropic Hypogonadism

Premature ovarian failure is a heterogeneous entity, and it is 
frequently difficult to assign an etiologic diagnosis for 
women with these disorders. Efforts to afford ovulation and 
fertility have very low success rates, and these are hampered 
by poor understanding of how to characterize subgroups of 
these patients with respect to response to treatment. 
Karyotype abnormalities and premutations for fragile X syn-
drome in FMR-1 gene are frequently associated with prema-
ture ovarian failure and have reproductive implications for 
women with these disorders. Evaluation of women with pre-
mature ovarian failure should also include assessment for 
evidence of polyglandular autoimmunity prior to any efforts 
to restore ovulation.

Case reports of successful therapy have in common the 
strategy of suppressing gonadotropin secretion with pharma-
cologic doses of estrogen or suppression of gonadotropins 
with long-acting agonists, or antagonists of GnRH, with or 
without subsequent administration of gonadotropins [42, 
255, 256]. Evaluation of isolated case reports must be tem-
pered by appreciation of the fact that many women with this 
diagnosis exhibit occasional and unpredictable spontaneous 
ovulation. Ovulation-restoring strategies designed to capital-
ize on ultrasound evidence of such episodes have not yet 
been shown effective [257].
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Systematic evaluation of treatment to restore ovulation 
in premature ovarian failure has centered on strategies that 
administer gonadotropins, with or without prior suppres-
sion of endogenous hypergonadotropism. Results of most 
trials have shown very low response rates [258]. One 
randomized trial, in which the overall response rate was 
10%, did not find that prior suppression of gonadotropins 
increased the likelihood of an ovulatory response to gonad-
otropin administration [258]. More recent trials suggest 
that gonadotropin stimulation following suppression of 
endogenous gonadotropins may be helpful. Long-acting 
GnRH agonist pretreatment has been shown in one study 
to achieve modest success rates (10–20%), which may be 
more effective if gonadotropin administration is accompa-
nied by glucocorticoid therapy [259]. Use of high-dose 
estrogen for suppression of endogenous gonadotropins 
prior to gonadotropin administration has shown promising 
results as well [260].

Notwithstanding encouraging results in recent trials, it is 
important to recognize that restoration of ovulation is doubt-
ful for the patient with hypergonadotropic hypogonadism 
with any known treatment strategy, and that pregnancies are 
even more unlikely. Moreover, the profile of pregnancy out-
comes for women treated with these new protocols is 
unknown. Therefore, it is preferable, when possible, that 
ovulation induction for women with these disorders be con-
ducted in the setting of formal clinical investigation.

35.1.5  Cancer and Ovulation Induction 
Treatments

Initial investigations linked use of ovulation induction agents 
with development of ovarian malignancies; early investiga-
tions found such an effect, specifically with long-term use of 
clomiphene [261, 262]. Several subsequent studies have not 
confirmed an association with ovulation induction although 
several studies identify infertility, the altered anthropomet-
rics and endocrinology of anovulation, and reduced parity in 
particular to be potential confounding risks factors for gyne-
cologic malignancies [263–267]. Biases (ascertainment, 
recall) and associations of ovulation induction underlying 
conditions favoring ovarian malignancy cloud this issue con-
siderably. Recent analyses of data available from the several 
case control studies to date suggest that there may be a small 
increase in the relative risk of ovarian tumors of low malig-
nant potential related to ovulation treatments, but not inva-
sive epithelial ovarian cancers or other cancers of the 
reproductive system [268–272]. Although the current syn-
thesis of available data is reassuring, it would discourage 
casual or protracted use of clomiphene and other modalities 
for ovulation induction or superovulation. In addition, 

patients should be made aware of concerns regarding ovulation 
induction agents and malignancy as a routine part of educa-
tion about therapeutic alternatives.

35.1.6  Summary

35.1.6.1  Women with Normal Gonadotropin  
and Prolactin Levels

Weight loss achieved through alteration of lifestyle may 
restore ovulation and regular cycles among a large propor-
tion of overweight or obese women with PCOS and enhance 
response to medical therapies in those remaining anovula-
tory [5,8,9]. Bariatric surgery has been shown to be highly 
effective in ameliorating metabolic and endocrine features of 
PCOS and restoring ovulation in morbidly obese anovula-
tory women [10]. Obesity has been associated with higher 
rates of early pregnancy loss in general and among women 
with PCOS treated with ovulation induction [11–13]. 
Additionally, because elevated BMI is a risk factor for gesta-
tional diabetes and cesarean section and has long-term 
adverse consequences to general health, a program of weight 
loss is a highly appropriate and often effective approach not 
only to restoration of ovulation, but improvement in preg-
nancy outcomes among obese, anovulatory women desiring 
pregnancy [5].

Clomiphene Citrate

Clomiphene citrate is marketed as a racemic mixture of two 
steroisomers, with different activities and rates of clearance. 
The cis isomer, enclomiphene, is the most antiestrogenic, 
and the shortest lived in the circulation, while much less 
activity is attributed to the trans isomer, zuclomiphene, 
which has a half-life sufficiently long that it may accumu-
late in the circulation over successive cycles of use [18–20]. 
No pharmacologically important or teratogenic influence 
has been attributed to the persistence of zuclomiphene in the 
circulation, and physiologic and endocrine responses to clo-
miphene are similar across successive cycles of administra-
tion [21]. Following association of clomiphene with estrogen 
receptor, its dissociation is delayed, reducing estrogen recep-
tor levels available for estrogen action within the cell. 
Clomiphene’s primary mechanism of action is central, at the 
hypothalamus, where loss of estrogen feedback results in 
increased GnRH pulse frequency and amplitude, although 
other sites of action may contribute to its ovulation-restoring 
effect [23–26]. In anovulatory women with a competent 
hypothalamic pituitary unit the resultant increase in gonado-
tropin levels is often sufficient to initiate folliculogenesis 
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for one or more susceptible ovarian follicles. Folliculogenesis 
in clomiphene-induced ovulation is characterized by slightly 
greater follicle size at the time of the LH surge than in spon-
taneous cycles among normal women [27–29]. Multiple fol-
licular development is common, and dose requirements for 
acceptable numbers of mature follicles are difficult to pre-
dict. Doses as low as 25 mg daily for achievement of numer-
ically safe folliculogenesis may be necessary in some 
women using clomiphene either for ovulation induction or 
superovulation. The maximal approved dosage is 150 mg/
day, and failure to respond at this dose commonly defines 
“clomiphene failure,” though a few patients unresponsive to 
this dose will respond to doses as high as 250 mg/day in 
some reported clinical series [1, 15]. Response to clomi-
phene can be documented inexpensively and conveniently 
by one or combinations of the following: detection of an LH 
surge using commercially available kits, basal temperature 
records, progesterone determinations timed to the antici-
pated midluteal phase, and the subsequent occurrence of 
timely, normal menses. Addition of midcycle ultrasound 
monitoring of numbers of follicles of mature size to assure 
adequate but not excessive response may add safety and 
shorten the time to achievement of an appropriate dose. In 
cycles without follicular response, upward dose adjustment 
that follows a short course of progestin can be planned at the 
time of ultrasound. In the event excessive numbers of 
responsive follicles are found, interruption of the cycle and 
prevention of pregnancy with high-dose progestins can be 
instituted. If ultrasound is used, ultrasound monitoring in 
subsequent cycles is likely unnecessary in future cycles 
once a clomiphene dose providing an effective, yet safe 
response is seen.

Clomiphene’s antiestrogenic effects are considered an 
explanation for poor estrogenization and reduced endome-
trial growth during the follicular phase of the cycle; most 
observers have found increased rates of attenuated preovu-
latory changes in cervical mucus and reduced thickness of 
proliferative phase endometrium when clomiphene is used 
for superovulation or ovulation induction [15, 28, 37–39]. 
Clomiphene should be discontinued when visual com-
plaints are prominent or persistent [52, 53]. Although some 
reports have suggested an increase in the rate of spontane-
ous abortion among pregnancies resulting from clomi-
phene induction of ovulation, most case series and clinical 
trials do not find evidence for such an effect [54–56]. 
Numerous series [57–59] show little evidence for a terato-
genic influence of the drug [59–61]. The most important 
risk associated with the use of medical agents for induc-
tion of ovulation and superovulation is multiple pregnancy, 
particularly high-order multiple pregnancy. The contribu-
tion to the burden of multiple pregnancy in the USA is 
roughly equivalent for ovulation induction treatments and 
ART [66].

Clomiphene Resistance

Two studies have shown that approximately half of patients 
failing to ovulate at clomiphene doses of 150 mg for 5 days 
will ovulate if dexamethasone at a dose of 1 mg BID is initi-
ated with clomiphene and continued for 10 days [72]. Several 
studies have shown ovulation rates greater than 50% among 
women with PCOS that take metformin in doses of 1,500 mg/
day as a primary therapy [77, 86, 87].

It has been shown that likelihood of ovulation among 
clomiphene-resistant women is increased from 8 to 71% by 
pretreatment with 6–7 weeks of continuously administered 
combined oral contraceptives. Subsequent treatment cycles 
are more often ovulatory, and pregnancy rates substantially 
increased as a result of pretreatment with hormonal contra-
ceptives [98, 99].

Letrozole has been studied in doses of 2.5–7.5 mg per day 
and Anastrozole at doses of 1 mg, both given for 5 days early 
in the cycle, and both have been used to induce ovulation in 
normogonadotropic, normoprolactinemic anovulation, with 
no evidence in a difference in effectiveness [17, 103]. 
Concerns over teratogenesis are mitigated by a large cohort 
study [61]. However, because of concerns for teratogenesis, 
Letrozole (as Femara) is labeled with a black box warning 
regarding its use in women anticipating pregnancy. Clinicians 
who do use aromatase inhibitors are impelled to make 
patients aware of these concerns. Informed consent is com-
monly advised. Most importantly, use of aromatase inhibi-
tors should be accompanied by clear precautions to avoid use 
in patients who are unknowingly pregnant.

Widespread use of ovarian volume-reducing interventions 
has not occurred because of surgical risks related to procedures, 
the poorly characterized risk of significant adnexal adhesions, 
and unknown long-term effects on ovarian reserve [124].

35.1.6.2  Hyperprolactinemia

Bromocriptine remains the agent of choice for restoration of 
ovulation for fertility in hyperprolactinemic states [149–
151]. Bromocriptine administration is daily and is often 
effective at very low doses (e.g., 1.25 mg). Slow progression 
of dosing to levels required to restore ovulation reduces prev-
alence and severity of side effects, as does vaginal adminis-
tration [152–157]. No teratogenic effect of bromocriptine 
has been demonstrated, and its use in pregnancy is widely 
held safe, but it is usually discontinued once pregnancy is 
recognized [159, 138]. Cabergoline shows greater efficacy 
and tolerability than bromocriptine and is often effective in 
patients not responding to bromocriptine [150, 151]. There is 
no evidence of teratogenicity for cabergoline, but its long 
half-life and limited data regarding safety in pregnancy lead 
most authors to recommend bromocriptine as a first line agent 
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when fertility is sought or advise suspension of cabergoline 
in the cycle prior to conception [151, 157, 168].

35.1.6.3  Hypogonadotropic Hypogonadism

FSH and LH both have important roles in natural folliculo-
genesis, but in patients with even nominal background LH 
secretion, FSH is sufficient for induction of functional preo-
vulatory follicles. In patients with profoundly suppressed or 
absent gonadotropins, folliculogenesis may occur without 
sufficient accompanying estrogen synthesis, and in these 
patients use of LH, even in low amounts, corrects this abnor-
mality and presumably improves the chance of pregnancy. 
LH activity alone can drive folliculogenesis in follicles of 
intermediate size and greater, and LH (or hCG) can be sub-
stituted for FSH without consequence to ongoing follicular 
maturation once mid-sized follicles are achieved [172].

Whether or not advances in production of gonadotropins 
have led to improvements in clinical outcomes, newer more 
purified products allow for subcutaneous, rather than intra-
muscular administration [203], and recombinant techniques 
allow for easier control of purity and consistency of prepara-
tions. In practice, cost, access, and route of administration 
required are often factors in choice of product. Typical moni-
toring utilizes ultrasound after 5 days of daily administration 
at the initially selected dose, with subsequent dosing and 
intervals for repeat assessments based on ultrasound findings 
and estradiol levels. Typical monitoring, therefore, utilizes 
ultrasound after 5 days of daily administration at the initially 
selected dose, with subsequent dosing and intervals for repeat 
assessments based on ultrasound findings and estradiol lev-
els. Follicles with diameters of 16 mm are viewed as capable 
of release of a mature oocyte, though smaller follicles do 
contribute to the risk of multiple gestation. The therapeutic 
window for gonadotropin dosing for patients with WHO 
group II anovulation is notoriously narrow. The chronic low-
dose regimen appears safer and more likely to result in preg-
nancy than a clomiphene–menotropin sequential regimen 
[243]. Chronic low-dosing protocols vary somewhat, but 
typically initiate therapy at 75 IU or less and space dosing 
increments of 37.5 IU, if required, initially by 7–14 days and 
thereafter by 7 days [244].

35.1.6.4  Hypergonadotropic Hypogonadism

Karyotype abnormalities and premutations for fragile X syn-
drome in FMR-1 gene are frequently associated with prema-
ture ovarian failure and have reproductive implications for 
women with these disorders. Evaluation of women with pre-
mature ovarian failure should also include assessment for evi-
dence of polyglandular autoimmunity prior to any efforts to 

restore ovulation. Long-acting GnRH agonist pretreatment has 
been shown in one study to achieve modest success rates (10–
20%), which may be more effective if gonadotropin adminis-
tration accompanied by glucocorticoid therapy. Pretreatment 
with 0.05-mg ethinyl estradiol prior to gonadotropin admi-
nistration resulted in ovulation for one-third of subjects 
admini stered with high-dose gonadotropins, while no subjects 
given gonadotropins without estrogen pretreatment ovulated. 
Response to gonadotropins was predicted by the degree of 
FSH suppression attained with estrogen administration [260].

35.1.6.5  Cancer and Ovulation Induction Treatments

Recent analyses of data available from the several case con-
trol studies to date suggest that there may be a small increase 
in the relative risk of ovarian tumors of low malignant poten-
tial related to ovulation treatments, but not invasive epithelial 
ovarian cancers or other cancers of the reproductive system 
[268–272].
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Abstract Transvaginal sonogram (TVS) is now the gold 
standard for the evaluation of infertility and assisted reproduc-
tion, early pregnancy, ectopic pregnancy, and first trimester 
pregnancy-related abnormalities. Additionally, identifica-
tion of fetal abnormalities is also performed via TVS. The 
primary advantage of TVS over transabdominal sonography 
lies in its ability to place a high-frequency transducer next 
to the regions of interest. This chapter reviews the method-
ology and applications of transvaginal ultrasound usage in 
the practice of reproductive medicine, including its use in 
conjunction with in vitro fertilization. Specific guidelines 
are presented for optimal use of transvaginal ultrasound.

Keywords Transvaginal sonography • TVS • Doppler effect 
• 3D ultrasound • 4D ultrasound • Transducers • Bioeffects • 
Uterus • Congenital uterine anomalies • Leiomyoma  
• Endometrium • Pregnancy • Gestational age assessment • 
Multifetal pregnancies • Adenexae • Stroma • Functional 
ovarian cysts • Paraovarian/paratubal cysts • Epithelial ovar-
ian tumor • Endometrioma • Pelvic inflammatory disease • 
Tubal ovarian abscess • Dermoid • Malignant neoplasms • 
Embryo transfer

36.1  History of Transvaginal Sonography

The first transvaginal sonogram (TVS) reported was attributed 
to Kratochwil in 1969 [1]. In the mid-1980s, transvaginal 
sonography was initially utilized to evaluate infertility problems 
in Japan as well as the United States [2–5]. Subsequently, 
applications for TVS have rapidly expanded [6–9].

TVS is now the gold standard for the evaluation of infertility 
and assisted reproduction [10, 11], early pregnancy [12–19], 

ectopic pregnancy, and first trimester pregnancy-related 
abnormalities [20–30]. Additionally, identification of fetal 
abnormalities is also performed via TVS [31–33].

The primary advantage of TVS over transabdominal 
sonography lies in its ability to place a high-frequency trans-
ducer next to the regions of interest. This allows optimal visu-
alization of the uterus, cervix, ovaries, adnexal regions, and 
cul-de-sac, as well as the urinary bladder and bowel. It is par-
ticularly useful in the evaluation of an obese patient [34, 35], 
and in the evaluation of the retroverted or retroflexed uterus.

36.2  Limitations of TVS

While TVS is considered the gold standard in assisted 
reproduction, it must be remembered that transabdominal 
scans provide a global overview of pelvic anatomy. Lesions 
outside the relatively short range of the intravaginal probe 
could be missed when transabdominal scanning is omitted. 
Because of the high frequency of the transducer, resolution is 
optimal, but the field of view is small, and tissue penetration 
is limited [6, 22, 36]. Additionally, it must be remembered 
that transvaginal access limits maneuverability. In rare 
circumstances, TVS may be contraindicated. In prepubertal 
and virginal patients, translabial scanning may provide 
additional information. This technique can also be utilized in 
postmenopausal patients and patients in whom acute pelvic 
pain precludes the use of TVS. There are also other patients, 
who refuse transvaginal examination because of psychological 
or personal reasons.

36.3  Practical Physics

36.3.1  Ultrasound

Sound is a waveform of energy. Ultrasound utilizes 
high-frequency sound waves (2–10 MHz) to create a visual 
image [37]. The transvaginal ultrasound probe both generates 
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sound waves capable of penetrating organic tissue and 
receives the reflected sound wave energy. Received waves 
are converted into an electrical signal. These signals are 
then used to generate a 3D image on an oscilloscope (the 
ultrasound monitor).

36.3.2  Doppler Effect

When a source generating sound waves moves relative to the 
observer, or when an observer moves relative to a source, 
there is a shift in frequency of the reflected waves. If the 
distance between the observer and the source is increasing, 
the frequency decreases, whereas the frequency increases if the 
distance between the observer and the source is decreasing. 
This phenomenon is called the Doppler Effect (or Doppler 
Shift) named after Austrian Physicist Christian Johann 
Doppler (1803–1853). The formula describing the Doppler 
Shift for a moving source is given by:

 f
2
 = f

1
v/(v ± v

s
) 

Where, f
2
 is the apparent frequency, f

1
 is the actual frequency 

emitted by the source, v is the speed of sound in the medium, 
and v

s
 is the speed of the source through the medium (a nega-

tive sign is used if the source is moving toward the observer). 
The formula that describes Doppler Shift for a moving 
observer is:
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o
)/v  

Where, f
o
 is the observed frequency, f

s
 is the source frequency, 

v is the speed of sound, and v
o
 is the speed of the observer 

(negative if the observer is receding from the source).
Examples of the Doppler effect include the change in 

pitch of a passing automobile, and the red shift of a star 
moving from the earth (a change in light’s wavelength not 
sound wavelength). Applications include short range radar 
devices, which capture a change in frequency between the 
emitted and returning pulses showing the relative speed of 
an object.

Modern transvaginal systems now include color flow 
imaging and duplex Doppler technology, as well as 3D and 
4D imaging. Color flow imaging identifies the potential 
areas of vascularity, while duplex Doppler is used to charac-
terize the waveform pattern and resistivity [38–40]. It should 
be remembered that vascular conditions with slow flow 
may not be detected with color flow Doppler. One of the 
utilities of color flow Doppler or duplex Doppler techniques 
is in identifying vascular structures and distinguishing them 
from nonvascular entities, such as dilated fallopian tubes 
or fluid-filled bowel loops. This can be particularly helpful 

prior to transvaginal oocyte retrieval in order to identify 
vascular structures which should be avoided and in evaluat-
ing dilated tubes and complex ovarian masses. The utility 
of color flow imaging and Doppler technology is being 
advanced with regards to adnexal and uterine masses 
[41–43] and in the evaluation of infertility, early pregnancy 
and its complications.

The practical application and nuances of Doppler 
ultrasound application in gynecology are beyond the scope 
of this chapter and are best covered in texts dedicated to the 
subject: Kurjak A, Fleischer AC (Editors). Doppler Ultra-
sound in Gynecology, Parthenon Pub Group, London UK 
1997, ISBN: 1850706239 and Kurak A (Editor) An Atlas of 
Transvaginal Color Doppler (Second Edition), Taylor and 
Francis, London UK, 2000, ISBN: 1850700931.

36.3.3  3D Ultrasound

Three-dimensional US images can be obtained by two 
methods: freehand or automated. The freehand method 
requires operator movement of the transducer through the 
region of interest. The main drawback of freehand systems is 
that that of the image quality proves to be worse than the 
automated 3D ultrasound. All sonographers perform this 
freehand activity in their minds as they scan. Automated 
acquisition uses a dedicated 3D transducer that sweeps 
through the region of interest selected by the operator (the 
“volume box”) as the probe is held in a stationary position. 
The operator selects a constant speed of sweep with lower 
speeds providing a higher resolution and higher speeds the 
converse. A large “volume box” leads to longer acquisition 
time. The digitally stored 3D data can be manipulated and 
differentially displayed: multiplanar display, niche mode or 
surface rendering mode. For gynecologic applications, many 
prefer the multiplanar display, which shows three perpen-
dicular planes (axial, sagittal and coronal) and allows 
navigation through these three planes. Three-dimensional 
US volume calculation using the Virtual Organ Computer-
aided Analysis (VOCAL) is more accurate than 2D volume 
calculations [44]. Vascularization of tissues within the region 
of interest can also be assessed using 3D Power-Doppler 
ultrasound (3D PD) and the VOCAL program [45]. Three 
vascular indexes can be calculated. The Vascularization 
Index (VI) expressed as a percentage, measures the number 
of color voxels in the studied volume, and represents the 
number of blood vessels within the tissue. The Flow Index 
(FI) is the average color value of all color voxels, representing 
the average color intensity. The Vascular–Flow Index (VFI) 
is the average color value of all gray and color voxels and 
represents both blood flow and vascularization, and is a 
surrogate for “perfusion.” An excellent review of the utility 
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of 3D ultrasound is found in the review by Alcazar [46]. 
4D or dynamic 3D scanners are now available and allow not 
only a depiction of volume but movement as well. Experts 
feel that 3D and 4D ultrasound are not essential, but repre-
sent an additional tool allowing multiplanar demonstration 
of anatomy e.g. demonstration of the fundal contour in cases 
of müllerian duct anomalies thus allowing a more specific 
diagnosis than is possible on 2D alone (Fig. 36.1).

36.4  Ultrasound Equipment

36.4.1  Transducers

Transvaginal transducers are either mechanical or electronically 
focused sector probes [47, 48]. The mechanical sector probe 
consists of one or more crystals that rotate or oscillate in an 
oil medium. Electronic transvaginal transducers have an 
array of crystals, which are sequentially triggered to produce 
an ultrasound beam (phased array), or utilize a set of crystals 
shaped to produce the sector image (curvilinear). Multiple 
variations of these basic configurations are available in the 
marketplace.

Mechanical transducers are less expensive, and can 
provide a wide field of view. However, the near-field resolu-
tion of mechanical transducers is less than that of the 
electronically focused transducers. Mechanical probes 
usually have fixed focal zones. The electronically focused 
probes are more expensive and have either fixed or multiple 
focal zones. Transducers vary in shape, size, frequency, and 
sector angles used [39, 40, 49, 50].

The transducer can be either rounded or rectangular in 
shape, and ranges from 1.5 to 3 cm in their longest dimensions. 
The tips are either straight or angulated in relationship to the 
shaft of the probe. The ability to insert the probe is affected 
by contour and configuration of the tip. Large rectangular 

tips may be somewhat difficult to introduce in some women 
and the application should be considered before purchase. 
Transvaginal probes are end firing with the beam projected 
symmetrically from the center of the face of the transducer 
in a straight probe, or angulated with the beam projected 
asymmetrically in an angulated probe. Both designs have 
advantages and disadvantages to be considered. Angulated 
probes can image structures that might otherwise be diffi-
cult to reach without patient discomfort. However, the angu-
lated tip sometimes requires reversing the transducer 180° 
and inverting the image on the screen. Scan angles, depend-
ing on the manufacturer, vary from 90 to 115°. Scanning 
angles as wide as 240° may be obtained.

Transvaginal transducers are available in frequencies of 5, 
6.5, 7, 7.5 and 8 MHz. The transducers may be of a single 
frequency, but dual-frequency and multiple-frequency probes 
are available. The probe with the highest frequency trans-
ducer that allows adequate tissue penetration provides the 
best resolution. The 5 MHz transducer provides appropriate 
images in most clinical situations. However, careful scanning 
of the endometrium may require a 7.5 MHz transducer. The 
physics of ultrasound is such that the higher the frequency, 
the better the resolution, but increased resolution is obtained 
at the cost of decreased tissue penetration. The selection 
of the transducer frequency balances these two competing 
properties [49].

36.5  The Examination

36.5.1  Patient Preparation

TVS for follicular monitoring and anatomy scan can usu-
ally be completed within 10 min. All patients should be 
advised of the reason for this technique and its utility [51]. 
The majority of women accept transvaginal scanning and 
prefer it over the uncomfortable, full-bladder, transabdom-
inal approach. Written informed consent is rarely required; 
however, under unusual circumstances, it may be advis-
able. The pediatric virginal patient or patients with psy-
chological or social issues may be best managed with 
informed consent documentation. A chaperone is always 
advisable and has proven crucial in numerous circum-
stances. This individual can also be helped with the record-
ing of information or pointing out findings during the 
study. The majority of women who will undergo TVS are 
familiar with pelvic exams and are able to correlate the 
insertion of the transvaginal probe with that of the place-
ment of a speculum. Patient advocacy suggests that the 
patient should be offered the opportunity to insert the 
probe herself should she so desire.

Fig. 36.1 Three-dimensional image of ovary with a mass (dermoid)
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The patient is asked to empty her bladder immediately 
before the examination and she is placed in the supine 
position with thighs maximally abducted and knees flexed. 
Occasionally, elevation of the buttocks by a pillow or a 
wedge may be required. Visualization of lateral structures 
requires the patient to completely abduct her thighs. When 
visualization is difficult, it is imperative to remind the patient 
to let her knees fall out to the side in a near frog leg-lithotomy 
position (Fig. 36.2).

The TV probe should be covered with a condom con-
taining a small amount of gel to insure good sound conduc-
tion between the transducer face and the overlying condom. 
Absence of the gel is a common cause of inadequate visu-
alization. Once the transducer has been covered, additional 
gel should be placed on the outside of the sheath tip. Sterile 
gel is used in most facilities; however, any uncontaminated 
coupling gel agent is acceptable. In patients where probe 
insertion is difficult, assistance can be provided by placing 
a gloved finger with gel on it at the introitus and pushing 
inferiorly against the pubococcygeus muscle. The patient is 
then advised to bear down which will relax the pubococ-
cygeus muscle for easy insertion of a finger or the trans-
vaginal probe. Once the patient understands this process of 
bearing down to relax the pubococcygeus muscle and open 
the vagina, insertion of the transvaginal probe is greatly 
facilitated. It is important for novice sonographers to 
remember the posterior angulation of the vagina with the 
perineum.

Papilloma virus can remain infectious for 48 h outside the 
body; therefore, a condom and gloves should be utilized and 
disinfection of the probe should occur after each use. Manu-
facturers provide individual instructions for appropriate 
decontamination.

36.5.2  Image Planes

Standard anatomic planes are termed sagittal, transverse, and 
coronal. Ultrasound projections have been defined by the path 
of the entering beam and the orientation of the patient with 
reference to the viewer. During transabdominal scanning, the 
common planes are sagittal (longitudinal) and transverse. By 
convention in transabdominal ultrasound, the longitudinal 
view places the transducer beam in parallel with the long axis 
of the patient. The long-axis view of a structure represents the 
structure displayed in its longest dimension. The short-axis 
plane section is defined as the view perpendicular to the long-
axis projection. By definition, the transverse projection is per-
pendicular to the longitudinal view in the axial plane.

The display of TVS images is not standard worldwide. 
There are four ways to display TV images: The apex of the 
ultrasound beam oriented up, down, to the right, or to the 
left. U.S. sonographers display the apex of the sector wedge 
at the top of the screen while, in contrast, European sonogra-
phers prefer to display the image with the apex of the beam 
at the bottom. Both of these are in contrast to the convention 
for abdominal sonography. In abdominal sonography, ana-
tomic convention places the head at the left of the image, the 
anterior aspect of the patient at the top of the image, the pos-
terior aspect at the bottom of the image, and the patient’s feet 
are at the right of the image. If TV ultrasound images were 
displayed using the same convention as abdominal scans, the 
apex of the sector wedge would be placed at the right of the 
screen, requiring a shift from the top of the screen to 90° to 
the right. An awareness of the arbitrary differences between 
European and U.S. imaging will help to avoid confusion. 
Because of the difference, however, labeling is required, par-
ticularly for publication.

Fig. 36.2 Frog legged lithotomy position for transvaginal ultrasound
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36.5.3  Basic Maneuvers

Basic maneuvers with transvaginal scanning include advancing 
or withdrawing the transducer along the axis of the vagina to 
provide a clear view of the uterus, angling the transducer by 
pointing the tip from side to side or anterior to posterior in 
order to evaluate adnexal structures, or to view the cul-de-sac. 
When introducing the transducer, the cervix and lower 
uterine segment of the uterus are usually visualized initially 
and then the uterine fundus becomes apparent. The transducer 
should be oriented to obtain a long-axis view of the uterus 
including the endometrium. Thereafter, the endometrial 
thickness is measured and the myometrium and endometrium 
are scanned anterior-to-posterior and side-to-side to look for 
any abnormalities (fibroids, polyps, etc.). The probe is then 
angulated laterally to examine the ovaries and adnexae in 
both a long-axis and short-axis view. The long-axis view of 
the ovary represents the structure displayed in its longest 
dimension. The short-axis plane section is defined as the 
view perpendicular to the long-axis projection. While look-
ing for the ovaries, it is common to visualize the internal iliac 
vessels immediately posterior to the ovary. It is important 
not to confuse pelvic veins for ovarian follicles in various 
images of the ovaries. This is particularly important during 
transvaginal oocyte retrieval. Color flow Doppler is helpful 
in avoiding these errors in interpretation. Thereafter, follicles 
are measured. After completing ovarian measurements and 
follicle count and dimension(s) on the basis of clinic prefer-
ences, attention is placed on the cul-de-sac to assess the pres-
ence of simple or echogenic fluid [52]. Echogenic fluid 
usually correlates with hemorrhage (e.g. from a ruptured 
ectopic pregnancy), pus from an inflammatory process, or 
proteinaceous fluid.

36.5.4  Examination Bioeffects

The low acoustic energy required in diagnostic ultrasound 
has never been proven to cause an adverse fetal outcome 
[53]. The potential adverse effects of ultrasound are based 
only on extrapolation from experimental data. Growth retar-
dation has been shown in the fetal mouse [54]. Intensities 
100–1000 times used for diagnostic ultrasound can cause 
cavitational damage [53, 55, 56]. Conceivably, the death of 
an organism might result from such very high intensity levels 
[57]. Dose effects could be calculated from known output 
levels and exposure time, but because of the variability and 
exposure time, it is difficult to perform studies with adequate 
statistical power. Color flow imaging has lower power output 
than Doppler interrogation and this should be considered 
when flow evaluation is utilized during early pregnancy. 

Despite its apparent safety and widespread use, sonographers 
should be aware that higher-frequency transducers, highly 
selected focal zones, and continuous observation all increase 
the local deposition of energy. A guiding principal for all 
sonographers is to reduce the power output “as low as rea-
sonably achievable” (ALARA) [58].

36.5.5  Pelvic Structures

36.5.5.1  Uterus

Using TVS, the uterus is evaluated in three scanning planes: 
long axis, semiaxial (oblique semicoronal), and short axis. 
The long axis image is obtained when the transducer is intro-
duced into the vagina (Fig. 36.3). For anteflexed uteri, the 
probe handle is held inferiorly with a beam directed anteri-
orly. The opposite position is utilized for the retroflexed 
uterus. The semiaxial view is obtained by rotating the trans-
ducer 90° to the long axis, with the uterus imaged in its width 
(Fig. 36.4). The short axis view is obtained by retracting the 
transducer into the mid-vagina and directing it anteriorly 
through the fornix. Variations of uterine position include an 
anteflexed uterus, a retroverted uterus, and a retroflexed 
uterus. A retroverted uterus is defined as a posterior angula-
tion of the uterus and cervix relative to the vagina. The retro-
flexed uterus is defined as a posterior angulation of the 
uterine body relative to the cervix.

Normal uterine size is based on the patient’s parity 
and menopausal status [44, 45, 59]. Nulliparous, postpu-
bertal women have uterine sizes measuring approximately 
6 cm in length and 3–4 cm in the AP and transverse dimen-
sions. A parous patient has a uterine long axis measuring 

Fig. 36.3 Long axis view of uterus
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approximately 8 cm with 4 cm in AP dimension and 5 cm 
in transverse dimension. In the postmenopausal popula-
tion the uterus is smaller, approximately 4–6 cm in the 
longitudinal axis.

Uterine contractions in the medial and outer muscle 
layers are often observed and typically appear as hypoechoic, 
thickened myometrium. They occasionally can be confused 
with a fibroid. Continued observation will show resolution of 
this thickening (Fig. 36.5). Contractions of the medial and 
outer muscle layers should be distinguished from subendo-
metrial uterine contractions, which arise from the inner myo-
metrial layer [60–62]. Subendometrial contractions gradually 
increase in frequency and intensity after menses, with a peak 
frequency of approximately three contractions per minute at 
the time of ovulation. The frequency of contractions is asso-
ciated with the estradiol level. Contractions normally propa-
gate toward the fundus at the time of ovulation and have been 
hypothesized to participate in sperm transport. Contractions 

propagate in the opposite direction toward the cervix during 
menses. The vasculature of the pelvis is demonstrated in 
Figs. 36.6 and 36.7. Doppler velocities of uterine arteries 
vary according to the stage of the menstrual cycle [63].

Congenital Uterine Anomalies

Congenital uterine anomalies may be subcategorized into 
seven major groups:

 1. Hypoplasia/agenesis.
 2. Unicornuate uteri.
 3. Uterine didelphys.
 4. Bicornuate uterus.
 5. Septate uterus.
 6. Arcuate Uterus
 7. Anomalies related to DES exposure.

Imperforate hymen or vaginal atresia may cause hematomet-
rocolpos at puberty [64]. Sonographically, hematometrocolpos 
appears as a distended uterus and vagina filled with fluid. 
Echogenic clotted blood will appear in dependent portions of 
the vagina and uterus (Fig. 36.8).

Uterine failed formation/canalization/fusion/resorption 
abnormalities are best evaluated during the secretory phase 
of the menstrual cycle because of the prominence of the 
endometrial lining at this time [65, 66]. Sonohysterography 
or 3D ultrasound are often extremely helpful in determining 
unicornuate with a nonfunctional or absent contralateral 
uterine horn, uterine didelphys, bicornuate uteri, or septate 
uteri [65, 66]. MRI remains the gold standard for the 
determination of the fundal configuration, when there is a 
question between unicornuate, didelphys, bicornuate, or 
septate uteri (Figs. 36.9–36.14). DES-exposed T-shaped uteri 
are smaller and lack a characteristic bulbous expansion of 
the fundus (Fig. 36.15).

Leiomyomas

Leiomyomas represent the most common tumor in the female 
pelvis, occurring in over 25% of women over age 35 [67]. 
Leiomyomas are most commonly found in the myometrium, 
and rarely in cervical tissue. Leiomyomas are described 
as subserosal, intramural, or submucosal in location. Leio-
myomas may cause menorrhagia, dysmenorrhea, or irregular 
uterine bleeding, and may be associated with infertility. 
However, many of them are asymptomatic. Leiomyomas 
are the most common cause of uterine enlargement. The 
location of the myoma should be documented, and whether it 
appears to deform, distort or displace the endometrial cavity 
should be determined. Saline-infusion sonohysterography 

Fig. 36.5 Focal myometrial contraction in pregnant uterus

Fig. 36.4 Transverse or semiaxial view of a normal uterus
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(SIS) is best suited to determine any abnormalities of the 
endometrial cavity caused by a leiomyoma. Leiomyomas 
may be hypoechoic, echoic, or isoechoic, depending on the 
composition of smooth muscle, calcifications, and connective 
tissue (Figs. 36.16–36.19).

The differential diagnosis when evaluating a submucosal 
myoma includes blood, mucus, or endometrial polyps. When 
multiple leiomyomas are detected, transabdominal ultra-
sound should be included in the evaluation to better describe 
the size and extent of these myomas. Endometrial polyps 
may be difficult to distinguish from small submucosal myo-
mas [68]. Vascular leiomyomas can be identified with color 
flow Doppler. A diffusely enlarged uterus without clearly 
definable fibroids and a normal endometrium is suggestive of 
adenomyosis [69]. In some severe cases, there is a disordered 
echogenicity of the middle layer of the myometrium. MRI is 
more accurate than sonography in distinguishing adenomyo-
sis from diffuse leiomyoma [70].

Pelvic varicosities and arteriovenous malformations may 
be detected by pelvic sonography [38, 71]. Color flow imaging 

and/or duplex Doppler are helpful in confirming the vascular 
nature of these abnormalities.

Uterine Vascular Status

The uterine artery pulsatility index (measured from the flow 
velocity waveforms as the systolic peak velocity minus end-
diastolic velocity divided by the mean) has been suggested as 
a prognostic factor for uterine receptivity and pregnancy 
from IVF. The impedance blood flow through the uterine 
artery is classified as low, medium, or high and based on 
numerical values of 0–1.99, 2–2.99, and greater than or equal 
to 3, respectively. Increased uterine impedance of blood flow 
has been associated with lower pregnancy rates in IVF cycles 
[72]. In these studies, a pulsatility index cutoff value between 
2.5 and 3.3 predicts poor endometrial receptivity. Power 
Doppler to measure blood flow in the uterine arteries and 
spiral arteries has not demonstrated the ability to predict 
implantation [73].

Fig. 36.6 The iliac veins. (Poirier and Charpy) This faithful reproduc-
tion of a lithograph plate (586) from Gray’s Anatomy, a 2D work of art, 
is not copyrightable in the U.S. as per Bridgeman Art Library v. Corel 
Corp.; the same is also true in many other countries, including Germany. 
Unless stated otherwise, it is from the 20th U.S. edition of Gray’s 

Anatomy of the Human Body, originally published in 1918 and there-
fore lapsed into the public domain. Other copies of Gray’s Anatomy can 
be found on Bartleby and also on Yahoo! This image is in the public 
domain because its copyright has expired. This applies worldwide
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Fig. 36.7 The arteries of the internal organs of generation of the 
female, seen from behind. (After Hyrtl) This faithful reproduction of a 
lithograph plate (1170) from Gray’s Anatomy, a 2D work of art, is not 
copyrightable in the U.S. as per Bridgeman Art Library v. Corel Corp.; 
the same is also true in many other countries, including Germany. 

Unless stated otherwise, it is from the 20th U.S. edition of Gray’s 
Anatomy of the Human Body, originally published in 1918 and there-
fore lapsed into the public domain. Other copies of Gray’s Anatomy can 
be found on Bartleby and also on Yahoo! This image is in the public 
domain because its copyright has expired. This applies worldwide

Fig. 36.8 Hematometrocolpos by MR. Both MR and ultrasound reveal 
distended distal vagina (V) inferior to the bladder (white), upper vagina 
and cervix distended with blood (C), and distended uterus (U) Fig. 36.9 Unicornuate uterus on right by MR (B bladder, R rectum)
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36.5.5.2  Endometrium

The endometrium is an echogenic interface in the central 
uterus [74, 75]. Sonographic measurements of endometrial 
thickness correlates well with actual anatomic endome-
trial thickness [76, 77] (Fig. 36.20). Proliferative phase 
endometrium ranges from 3 to 8 mm with secretory 
phase endometrium measuring 7–14 mm. Postmenopausal 
endometrial thickness averages 4–8 mm, while postmeno-
pausal endometrium on hormonal replacement therapy 
ranges from 6 to 10 mm in thickness. The measurement 
should include both opposing layers of the endometrium, but 

should not include the hypoechoic halo seen surrounding the 
more echogenic endometrium [78]. Endometrial fluid, if 
present, should be excluded from the endometrial measure-
ment, thus a separate measurement of the intrauterine fluid 
dimension should be obtained. The endometrial thickness 
and texture are influenced by circulating estrogen and 
progesterone [79, 80]. During menses, the endometrium 
appears as a thin echogenic layer. During the early prolifera-
tive phase, it thickens and becomes isoechoic, measuring 
3–8 mm in AP width. The organization of the glandular ele-
ments within the endometrium is related to the hypoechoge-
nicity seen. When ovulation approaches, the endometrium 
becomes more echogenic secondary to the development of 
secretions in the endometrial glands, and the various inter-
faces that develop from distended and tortuous glands [81]. 
A hypoechoic halo arising from the inner layer of the myome-
trium surrounds the endometrium. During the periovulatory 

Fig. 36.10 Uterine didelphys by 2D ultrasound showing midline echo-
lucency indicating failed fusion of the uterine horns

Fig. 36.11 Uterine didelphys by 3D ultrasound showing outline of 
didelphys uterus (*) and bright endometrial stripes

Fig. 36.13 Septate uterus by 2D ultrasound (transverse view)

Fig. 36.12 Bicornuate uterus by MR demonstrating wide separation 
of uterine horns
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period, a hypoechoic area develops within the inner endome-
trium. This is thought to be a representation of edema of the 
compactum layer. A multilayer appearance of the endome-
trium (inner hypoechoic layer with outer echogenic layers-
trilaminar appearance) has been associated with a higher 
pregnancy rate in ovulation induction regimens [47, 82]. 
During the secretory phase, the endometrium achieves its 
greatest thickness and echogenicity (6–14 mm). When com-
paring a gonadotropin cycle to a natural cycle, the endome-
trial lining is slightly thicker in the gonadotropin cycle [83]. 
Endometrial thickness and echogenicity are negatively 

Fig. 36.14 Septate uterus by 3D ultrasound

Fig. 36.15 T-shaped uterus by hysterosalpingogram

Fig. 36.16 Uterine fibroid – intramural (*) anterior to endometrium (E)

Fig. 36.17 Uterine fibroid – subserosal anterior to endometrium (E) 
and seen best via abdominal scan

Fig. 36.18 Uterine fibroid – subserosal via MR
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affected by increasing age [84, 85]. Endometrial thickness 
>14 mm has not been found to consistently affect pregnancy 
rates. In a large study of women with endometrial thicknesses 
greater than 14 mm, there was no difference in implantation 
pregnancy or miscarriage rates when compared with women 
who had endometrial thicknesses <14 mm [86]. Presently, 
the pattern and thickness of the endometrial measurement is 
only marginally predictive of implantation during IVF [87–
89]. Endometrial thickness measurement and pregnancy 
rates from IVF do not show a consistent correlation [83, 85, 

90]. While most prefer an endometrial thickness greater 
than 6 mm, pregnancies have occurred with endometrial 
thicknesses measured at 4 mm [90–94]. Some investigators 
have proposed that endometrial echogenicity is a more 
reliable predictor of pregnancy after IVF [84]. An optimal 
echogenicity pattern is characterized by a multilayered 
hypoechoic triple line pattern that has also been referred 
to as a “ring.” However, no consensus as to the predictive 
nature of an echogenicity pattern and pregnancy with IVF 
has been established to date [90, 95].

Endometrial Abnormalities

Endometrial thickening may be associated with endometrial 
hyperplasia, polyps or endometrial carcinoma. In a series of 
patients with endometrial carcinoma detected by sonography, 
the average thickness was 17.7 ± 5.8 mm [96]. Endometrial 
biopsy is required in those patients who are suspected of 
endometrial hyperplasia or carcinoma. Patients utilizing 
OCPs routinely show a single hyperechoic line representing 
the endometrial cavity. A very thin endometrium may indicate 
the need for additional estrogen in the regimen in women 
with dysfunctional uterine bleeding.

Endometrial polyps may range in size from microscopic 
to as large as several centimeters. They typically appear as a 
diffuse or focal thickening of the endometrium greater than 

Fig. 36.19 Uterine fibroid – submucosal via 3D ultrasound

Fig. 36.20 Endometrial thickness measurement
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Fig. 36.21 Sonohysterography of polyp

Fig. 36.22 Sonohysterography of adhesions

that expected for a woman of comparable age. Polyps are 
best characterized by sonohysterography (Fig. 36.21).

Endometrial adhesions are best diagnosed by sonohys-
terography or hysteroscopy. They may be seen during men-
struation, where intracavitary fluid outlines the abnormality, 
or following distention of the uterine cavity with fluid [67] 
(Fig. 36.22).

Fluid is occasionally seen in the endometrial cavity. It can 
be associated with pyometra due to pelvic inflammatory dis-
ease, normal secretions, congenital vaginal or cervical atre-
sia, cervical strictures or fibrosis, uterine synechiae, or 
endometrial or cervical carcinoma [97–101] (Fig. 36.23).

Intrauterine conceptive devices are highly echogenic 
and reflective within the endometrial interface. Metallic 
and nonmetallic IUDs are best visualized via TVS. TVS 
has been used to diagnose perforation, malposition, and 
incomplete removal of the IUD. Myometrial implantation 
should be suspected when a portion of the IUD extends 

from the endometrial surface into the surrounding myome-
trium. Ultrasound can be used to remove the IUD when a 
coexisting pregnancy is located (Fig. 36.24).

36.5.5.3  Early Pregnancy

In the context of assisted reproductive technologies, 
transvaginal ultrasound of an early pregnancy may be prob-
lematic. The discriminatory level of human chorionic 

Fig. 36.23 Endometrial fluid pocket

Fig. 36.24 IUD by 3D ultrasound. Three-dimensional reformatted 
image shows the IUD centrally located within the endometrial cavity. 
The sidearms are open, directed toward the cornua
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 gonadotropin (hCG) for documenting a normal intrauterine 
gestation is approximately 4,000 mU/mL via the transab-
dominal approach, and 2,000 mU/mL transvaginally. (Third 
International Reference Preparation) [12, 15].

In ART patients, multiple gestations may cause the hCG 
to be above the discriminatory zone before they can be seen. 
Concurrent problems such as fibroids, obesity, or previous 
uterine surgery may also affect the ability to image an early 
intrauterine pregnancy. In the absence of situations described 
earlier, ultrasound during early pregnancy demonstrates a 
gestational sac that appears as a thick echogenic rind sur-
rounding a sonolucent center. The gestational sac when it 
first becomes apparent is surrounded by a thickened decidua. 
This perimeter then becomes a distinct “double ring” (also 
known as the “double decidual sac sign”). The inner ring 
corresponds to the decidua capsularis and the chorion laeve, 
and the outer ring corresponds to the decidua vera or decid-
uas parietalis [102] (Figs. 36.25and 36.26).

The gestational sac grows at approximately 1 mm per 
day in mean diameter during early pregnancy [103]. The 
yolk sac within the gestational sac has a bright echogenic 
rim and echolucent center. Published discriminatory levels 
for the presence of a yolk sac is between 5 and 13 mm in 
mean gestational sac diameter [104]. The embryo is first 
recognized as a thickening along the edge of the yolk sac. 

The embryo is initially a linear structure of 2–3 mm in 
length. As it grows, it develops a C-shaped tadpole-like con-
figuration. There is a recognizable crown rump length when 

Fig. 36.25 Sectional view of the gravid uterus showing deciduas 
capsularis, deciduas vera or deciduas parietalis and decidua placentalis. 
Additionally, the location of the yolk sac and embryo are depicted. This 
faithful reproduction of a lithograph plate from Gray’s Anatomy, a 2D 
work of art, is not copyrightable in the U.S. as per Bridgeman Art 
Library v. Corel Corp.; the same is also true in many other countries, 

including Germany. Unless stated otherwise, it is from the 20th U.S. 
edition of Gray’s Anatomy of the Human Body, originally published in 
1918 and therefore lapsed into the public domain. Other copies of 
Gray’s Anatomy can be found on Bartleby and also on Yahoo! This 
image is in the public domain because its copyright has expired. 
This applies worldwide

Fig. 36.26 The double decidual sac sign refers to the gestational sac 
when it first becomes apparent and is surrounded by a thickened decidua. 
This perimeter then becomes a distinct “double ring” (also known as the 
“double sac sign”). The inner ring corresponds to the decidua capsularis 
(DC) and the chorion laeve, and the outer ring corresponds to the 
decidua vera or decidual parietalis (DP)
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the embryo measures between 17 and 22 mm. Before 17 mm, 
the measurement of embryonic size is performed by taking 
the greatest length along the long axis of the embryo 
(Fig. 36.27).

A chemical pregnancy is defined as a pregnancy detected 
by the measurement of serum hCG, but not proceeding on to 
clinical recognition of an embryo. Studies have documented 
that, in one population, 22% of pregnancies detected by 
hCG assays were lost prior to clinical recognition [105]. 
Despite this high rate of loss, a chemical pregnancy is prog-
nostic for future success. Patients with such losses have an 
83% chance of conception within six cycles [105]. Once an 
embryo is documented (clinical pregnancy), a loss is most 
commonly due to a chromosome abnormality. Some studies 
have documented that 70% of early losses demonstrate 
abnormal chromosomes [106]. Of the chromosome abnor-
malities, 64% were autosomal trisomies, 9% were poly-
ploid, 7% were monosomy X, and 6% revealed structural 
rearrangements. The embryonic heart begins to beat 21 days 
after conception. The discriminatory level for cardiac activ-
ity appears to be at an embryonic size of 5 mm or greater 
[16, 107].

Great caution should be used when diagnosing a failed 
pregnancy and serial examinations are often required and 
prudent. The definition of a failed pregnancy includes: (1) 
Failure to image a yolk sac within the gestational sac by the 
time the gestational sac has reached a mean sac diameter of 
10 mm; (2) Failure to image an embryo within the gestational 
sac by the time the mean sac diameter reaches 18 mm; (3)  

Failure of the sac or embryo to grow at the expected rate – 
approximately 1 mm per day; or, (4) Loss of previously 
documented cardiac activity.

Gestational Age Assessment (Table 36.1)

Accurate calculations using on-board software should be 
utilized; however, quick rule of thumb formulae for calculating 
the gestational age are:

Gestational age (days) + 3 days = (mean sac diameter 
[millimeters] + 30) [108]

Gestational age (days) + 3 days = (embryo size diameter 
[millimeters] + 42) [109]

Detection of Multifetal Pregnancies

The determination of amnionicity and chorionicity of multifetal 
pregnancies is critical. All multifetal pregnancies are at risk 
for preterm labor and delivery, placental abnormalities, 
intrauterine growth restriction, and malformations. Mono-
chorionic twins/higher order multiples are at risk for 
twin-to-twin transfusion syndrome and twin reversed arterial 
perfusion sequence. Monoamniotic pregnancies carry the 
additional risks of cord entanglement, and conjoined 
twinning. The number of gestational sacs can be accurately 
determined by 5 weeks gestation. The chorionic sac count 

Fig. 36.27 Measuring CRL of early embryo
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is best assessed when embryos can be seen. The number of 
embryos is determined by the number of embryonic heart-
beats. From 8 weeks on, the amnion within the chorionic 
cavity should be visualized.

36.5.5.4  Adnexae

Ovaries and adnexae are evaluated in both a long-axis and 
short-axis view. The long-axis view displays the longest 
dimension. The short-axis plane section is the view perpen-
dicular to the long-axis. The ovarian volume in cubic centi-
meters is calculated using the following formula: D1 × D2 (in 
the long axis) × D3 (in the short or perpendicular axis) × 0.52. 
The ovary is easily recognized by its characteristic oval shape 
and peripherally placed follicles. It is routine to visualize the 
internal iliac vessels immediately posterior to the ovary. 
Follicles are measured according to the convention of each 
clinic (longest dimension or two dimensions in one plane). 
After completing ovarian measurements and the follicle 
count and follicular dimension(s), the cul-de-sac is inspected. 
Echogenic fluid usually correlates with hemorrhage e.g. in 
ectopic pregnancy, pus from an inflammatory process, or 
proteinaceous fluid.

Stromal to Ovarian Area Measurements

A recent study compared ovarian morphologic findings 
(stroma to ovarian ratio) with serum androgen levels 
[110]. The ovarian area was calculated by outlining with 
an ultrasound caliper the external limits of the ovary in the 
maximal longitudinal axis. The stromal area was deter-
mined by outlining with the caliper the outer peripheral 
profile of the stroma, identified as a hyperechoic area 
devoid of follicles. The stroma to ovarian area ratio was 
determined. The mean ovarian area, stromal area, and 
stroma to ovarian area ratio for each patient was deter-
mined by adding the sizes of each ovary and then dividing 
by 2. Patients with polycystic ovary syndrome showed a 
significantly higher ovarian volume, ovarian area, and 
stromal area when compared with control and patients 
with multifollicular ovaries. Additionally, the PCOS group 
had higher androstenedione, testosterone, 17-alpha 
hydroxyprogesterone, and free androgen index when com-
pared with the other groups. A cutoff for the stroma to 
ovarian area ratio of 0.34 showed a sensitivity of 100% 
and a specificity of 100% for the PCOS diagnosis. Subse-
quent studies show reproducibility and defined a cutoff of 
0.32. Three-dimensional ultrasound may provide a tool 
which will further refine stroma to ovarian measurements 
through the use of computer programs (VOCAL) which 
allow better quantification of ovarian compartmental vol-
umes (Figs. 36.28 and 36.29).

Table 36.1 Menstrual age, gestational age, crown-rump length, and 
human chorionic gonadotropin levels (hCG) in early gestation. (hCG 
values are based on the Third International Reference Preparation)

Menstrual 
age

Gestational 
sac size (mm)

Crown-rump 
length (cm)

hCG Level (first 
IRP), mean IU/U

Days Weeks – – –
30 4.3 – – –
31 4.4 – – –
32 4.6 3 – 1,710
33 4.7 4 – 2,320
34 4.9 5 – 3,100
35 5 5.5 – 4,090
36 5.1 6 – 5,340
37 5.3 7 – 6,880
38 5.4 8 – 8,770
39 5.6 9 – 11,040
40 5.7 10 0.2 13,730
41 5.9 11 0.3 15,300
42 6 12 0.35 16,870
43 6.1 13 0.4 20,480
44 6.3 14 0.5 24,560
45 6.4 15 0.6 29,110
46 6.6 16 0.7 34,100
47 6.7 17 0.8 39,460
48 6.9 18 0.9 45,120
49 7 19 0.95 50,970
50 7.1 20 1 56,900
51 7.3 21 1.1 62,760
52 7.4 22 1.2 68,390
53 7.6 23 1.3 73,640
54 7.7 24 1.4 78,350
55 7.9 25 1.5 82,370
56 8 26 1.6 85,560
57 8.1 26.5 1.7 –
58 8.3 27 1.8 –
59 8.4 28 1.9 –
60 8.6 29 2 –
61 8.7 30 2.1 –
62 8.9 31 2.2 –
63 9 32 2.3 –
64 9.1 33 2.4 –
65 9.3 34 2.5 –
66 9.4 35 2.6 –
67 9.6 36 2.8 –
68 9.7 37 2.9 –
69 9.9 38 3 –
70 10 39 3.1 –
71 10.1 40 3.2 –
72 10.3 41 3.4 –
73 10.4 42 3.5 –
74 10.6 43 3.7 –
75 10.7 44 3.8 –
76 10.9 45 4 –
77 11 46 4.1 –
78 11.1 47 4.2 –
79 11.3 48 4.4 –
80 11.4 49 4.6 –
81 11.6 50 4.8 –
82 11.7 51 5 –
83 11.9 52 5.2 –
84 12 53 5.4 –
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Fig. 36.29 Application of “inversion 
mode” to a 3D ultrasonographic data 
set allows immediate demonstration of 
antral follicles with in an ovary and its 
surrounding tissue (left). Use of VOCAL 
helps to remove the extra ovarian tissue 
and to display only the antral follicles 
(right). Reprinted with permission from 
K. Jayaprakasan, et al. Does 3D 
ultrasound offer any advantage in the 
pretreatment assessment of ovarian 
reserve and prediction of outcome after 
assisted reproduction treatment? 
Reprinted with permission from Human 
Reproduction 2007 22(7):1932–1941; 
doi:10.1093/humrep/dem104

Fig. 36.28 VOCAL technique to display 3D model of ovary (lower 
right) before the application of “inversion mode” to demonstrate the 
antral follicles within the ovary. Reprinted with permission from 
K. Jayaprakasan, et al. Does 3D ultrasound offer any advantage in the 

pretreatment assessment of ovarian reserve and prediction of outcome 
after assisted reproduction treatment? Reprinted with permission from 
Human Reproduction 2007 22(7):1932–1941; doi:10.1093/humrep/
dem104
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Common Adnexal Findings

Adnexal Masses

A morphologic scoring system has been defined for the 
evaluation of adnexal masses [111]. A morphologic score >9 
was more likely associated with malignant adnexal masses. 
These morphologic criteria provide a foundation for the 
ultrasound assessment of adnexal masses.

Functional Ovarian Cysts

Normal follicles measure between 5 and 24 mm depending 
on the phase of the cycle. If ovulation does not occur, 
a persistent follicular cyst may develop. This thin-walled, 
anechoic, unilocular cyst can be anywhere from 3 to 8 cm in 
size. They routinely resolve over a period of months.

Paraovarian/Paratubal Cysts
These cysts are usually an incidental finding, but occa-

sionally they may cause symptoms if they grow significantly 
or undergo torsion. They are usually unilocular, anechoic, 
thin-walled cysts. They can be discriminated from the ovary 
by gently advancing the vaginal probe and demonstrating a 
separation of the cyst from its neighboring ovary. Three-
dimensional ultrasound is particularly useful in demonstrat-
ing separate structures (Fig. 36.30).

Benign Epithelial Ovarian Tumors

Serous cyst adenomas are routinely unilocular, anechoic 
cysts, which persists over many months. They are bilateral 
in 20% of patients. They can be discovered in all age 
groups. Unilocular anechoic cysts can be monitored over a 
longer period of time, as nearly 70% of such cysts, even up 

to 10 cm in size, will resolve with observation [112]. The 
risk of malignancy in such cysts is estimated at 0.9%. Muci-
nous cyst adenomas are usually larger than serous cyst 
adenomas and occasionally can be as large as 30 cm. They 
routinely contain internal, low-level echoes due to mucin. 
They often have septations, which can be thick and some-
what bizarre.

Endometrioma

Power Doppler studies show no vascular supply to the cen-
tral region of the cystic mass, with vessels confined to the 
periphery of the mass. Endometriomas typically contain 
low level internal echoes from blood products and show 
enhanced through transmission of sound. They often have 
bright punctate echoes within the wall (Fig. 36.31).

Pelvic Inflammatory Disease/Tubal  
Ovarian Abscess

Patients with pelvic inflammatory disease routinely present 
with symptoms of pelvic pain, purulent vaginal discharge, 
and pelvic tenderness. Ultrasound may reveal a dilated tube, 
which can be better imaged if there is purulent cul-de-sac 
fluid present. Motion of the transvaginal probe produces 
exquisite tenderness (Fig. 36.32).

Dermoids

Mature cystic teratomas, or dermoids, are the most common 
ovarian neoplasm in the reproductive age range. They account 
for 40–50% of benign ovarian neoplasms and are bilateral in 
10–15% of the cases [113]. They are often detected inciden-
tally (Fig. 36.33).

Fig. 36.30 Paratubal-paraovarian cyst Fig. 36.31 Endometrioma
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Malignant Neoplasms

Transvaginal ultrasonographic features suggestive of malig-
nancy include solid masses or solid components, excres-
cences and papillary projections arising from a cyst wall 
[114]. Doppler studies have been advocated for discriminat-
ing malignant from benign masses, with malignancies show-
ing a resistance index less than 0.4. It should be remembered, 
however, that many early stage ovarian carcinomas have 
Doppler indices above the threshold for presumed malig-
nancy and Doppler studies cannot confirm or refute malig-
nancy (Fig. 36.34).

36.5.5.5  Embryo Transfer

Pregnancy rates after embryo transfer are dependent on mul-
tiple factors such as embryo quality [115, 116], endometrial 
receptivity [117], and the transfer technique. It has been 

 documented that an experienced operator utilizing the clini-
cal touch method of embryo transfer affords excellent preg-
nancy rates. Meta-analyses also suggest the benefits of using 
2D transabdominal ultrasound in guiding catheter placement. 
Theories to explain this possible increase in desired preg-
nancy outcomes may be increasing the ease of embryo trans-
fer by documenting the uterocervical angle [118], positioning 
the tip within the miduterine cavity, avoiding the fundus 
[119], and decreasing the need for instrumentation [120]. A 
recent meta-analysis found a significantly increased chance 
of clinical pregnancy (odds ratio 1.5; 95% confidence inter-
val, 1.34–1.68), live birth rate (odds ratio 1.78; 95% CI, 
1.19–2.67), and ongoing pregnancy rates (odds ratio 1.51; 
95% CI, 1.31–1.74) using transabdominal ultrasound guid-
ance when compared with the standard clinical touch method. 
Certainly, training in TVS will remain an important aspect of 
continuing medical education in reproductive endocrinology 
as well as gynecology.
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Part V
Assisted Reproductive Therapy: In Vitro Fertilization



Abstract The modern IVF laboratory is an integral part 
of the system used to support human embryo growth. 
The laboratory must be designed to provide the essential 
maternal supports for fertilization and development to the 
blastocyst stage. The laboratory must provide a physical 
barrier to microbial contamination and chemical degrada-
tion. This is done by using a high level of pressurization 
and isolation. Air supplied to the IVF laboratory is both fil-
tered for particulates and chemical contaminates. Selecting 
“clean” materials for construction complements our efforts 
to remove embryotoxic materials from the IVF laboratory. If 
successfully done, the isolation, pressurization, plus particu-
late and chemical filtration will result in higher pregnancy 
and implantation rates.

Keywords Laboratory construction • Air quality • 
Construction materials • Volatile organic compounds • 
Laboratory equipment

37.1  Introduction

Since 1978, because of the pioneering work of Drs. Edwards 
and Steptoe, human embryo development has occurred in 
laboratories. The miracle is that human embryos and gam-
etes can be made to function outside the body. The early 
laboratories were poorly designed largely because we knew 
very little about this new, complex technology. Often the 
location of these laboratories was determined by the space 
available. These laboratories were constructed using the 
methods employed for constructing similar research labora-
tories or common operating rooms. If it was a “closet” 
located next to a pathology laboratory, it would be made to 
function. The historical view was that the laboratory used to 
manipulate gametes and culture embryos was a passive part-
ner in the process. Only recently has the laboratory been seen 

as more than the locus of Assisted Reproductive Technologies 
(ART) procedures. Historically, the laboratory was not an 
integral factor in the success of ART procedures.

The evolution of the modern ART laboratory can be com-
pared to the changes that have taken place in the production 
of integrated circuit products by the microprocessor industry. 
These wonders of electrical engineering are based upon the 
use of photolithography. To get a high density of compo-
nents, particulates must be removed from the air as they 
interfere with the ability to photographically print the inte-
grated circuits. An industrial product with clearly defined 
requirements for cleanliness should not be done in a nineti-
eth century mill. The same is true of twenty-first century 
ART facilities. The embryo culture laboratory is a key ingre-
dient in the systems we design to replace the maternal sys-
tems for the first 3–5 days of the prospective child’s life.

37.2  Key Parameters of Maternal Systems

Most practitioners are in awe of the complexity and refine-
ment of the maternal systems mammals use to nurture their 
offspring. However, they fail to fully comprehend the need to 
design corresponding systems into their laboratories. These 
systems must compensate for the artificial environment we 
use for embryo culture. Therefore, it is informative to consider 
the differences and the way we can design systems to compen-
sate for our laboratories. These comments are aimed at the 
embryo laboratory and not the Andrology laboratories used to 
analyze and process semen for diagnosis or reproduction.

37.2.1  Temperature

Maternal systems define normal as 98.6°F. The mother sur-
rounds the gametes and embryo with a large mass of tissue 
actively respiring, insuring a constant temperature. This is 
done regardless of the temperatures experienced by the mother. 
In the IVF laboratory, we rely primarily on the incubator as 
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the regulator of temperature. Yet, we must examine the 
embryos under a number of circumstances. The temperatures 
experienced by the embryo will range from typical room 
temperatures to the heat of a microscope illuminator. The 
laboratory design must comprehend the variations and the 
manner in which they can be managed. Undue cooling of 
eggs has been implicated in damage to the miotic spindle.

The modern IVF laboratory is designed to maintain an 
ambient temperature comfortable for the laboratory staff and 
also for the embryo. Therefore, careful attention to incubator 
temperatures are a given, but often times this attention is 
absent for the auxiliary systems used to maintain tempera-
tures for the cultures when they are outside the incubator.

Routinely, we used heated stages on our microscopes, in our 
isolates and laminar flow hoods. The heated stage on our micro-
scopes is often set at 98°F, but rarely has the laboratory staff 
understood that 98.6° at the top of the heated stage will result 
in a temperature of less than 98°F. This is because of poor heat 
transference through a plastic dish and mineral oil. To maintain 
the correct temperature, the stages need to be set based upon an 
actual measurement of the temperature inside the culture dish.

The next common reason for the degradation of tempera-
ture is the issue of incubator location and air supply. Incubators 
below air supply diffusers will be cooled. Each opening causes 
the cultures at the top and front of the incubator to be cooled 
every time. Ideally, the laboratories’ design should have the 
diffusers remote from the incubators. This can be done by 
using directional diffusers so that incoming air is directed 
away from the incubators.

The blocks used to heat tubes during retrieval cause a 
similar issue. They are commonly in the procedure room or 
just inside the ART laboratory. They should not be chilled by 
poor placement. Frequent temperature checks and calibra-
tion are required.

37.2.2  pH Control

The control of pH is crucial if we are to maximize the pro-
ductivity of our facilities. Maternal systems use a similar car-
bonate and bicarbonate as we do in the IVF laboratory but 
the environment of the fallopian tubes also has a number of 
secondary systems that can modulate pH. The fluid has a 
wide assortment of amino acids and proteins that can also 
adsorb or release hydrogen ions bolstering the simple car-
bonate bicarbonate buffer.

Our culture system of laboratory incubator and media 
attempt to reach this level of control. Measuring and control-
ling this system is usually based upon a Fyrite determination 
of carbon dioxide concentration that is accurate to ±0.5%. 
Even there, we are monitoring the pH in the media and not 
the more critical pH internal to the cells of the embryo.

37.2.3  Waste Products

The topic of nutrimental supports is far too complex to summa-
rize here, but we do know that our procedures to manage the 
embryo’s environment are at best a working compromise. 
Our methods fail to comprehend the depth of the maternal 
systems. The abiotic and biological breakdown on amino 
acids to produce the ammonium ion is well known. However, 
we do not have a satisfactory solution to remove this meta-
bolic waste. We just periodically decant the old media and 
replace it with new media, thereby eliminating any growth 
factor the embryos make.

37.2.4  Detoxification Mechanism

In vivo development is done in an environment which is 
complemented by a wide variety of detoxification mecha-
nisms, as well as excretory routes. It is this deficiency that is 
poorly controlled in most IVF facilities. Maternal systems 
include a fully functional liver, whose biochemical sophisti-
cation is backed by millions of years of evolution. The 
Fallopian tube environment is supported by a chemical plant 
of exquisite sophistication, the liver. The kidney effectively 
removes nitrogen wastes selectively. The lungs provide not 
only oxygen and carbon dioxide but also act as an excretory 
mechanism for gases and volatile organics. The IVF labora-
tory using micro drop culture relies not only on the mineral 
oil overlay to buffer changes in media osmality but also to 
sequester exogenous pollutants. It is this deficiency that has 
become our unwitting collaborator in embryo culture. The 
traditional IVF lab ignores the role of the uncontrolled envi-
ronment. In this regard, each traditional IVF lab is an uncon-
trolled experiment in embryo toxicology. These exposures 
occur at the same time the embryo is initiating development, 
differentiation through gene activation and transcription.

37.2.5  Sterilizing and Fixing Agents

Aseptic technique cleaning, sterilizing and in some cases, 
fixing of specimens, can challenge the embryos in ART facil-
ities. Glutaraldehyde, ortho-pathaldehyde, ethylene oxide, 
peroxyacetic acid and formaldehyde all have the potential to 
be used in or around the IVF laboratories. To avoid these 
agents disrupting the process of embryo development, they 
must be used outside the lab. Ethylene oxide [1, 2] has been 
reported to be a residue on culture dishes and cryogenic sup-
plies which can adversely affect embryos if the plasticware is 
not fully aired-out prior to use. The dirty utility area should 
never be included inside the IVF laboratory envelope.
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37.2.6  Pollutants as Possible Biological 
Signals

Nitric oxide (NO) is a common air pollutant. It is also a short 
lived messenger molecule related to apoptosis in embryo 
development.

At this time, we have no analogy to the systems used by 
the maternal embryo system to compensate for this expo-
sure. Therefore, the designer of the IVF laboratory for clini-
cal applications must devise methods to inhibit or remove 
these potentially offending substances. The balance of this 
article will be directed to outlining methods to do this.

37.2.7  Mineral Oil and Embryo Culture System

The manipulation of gametes and fertilization in water-based 
media without a mineral oil overlay should be considered to 
be substandard. The mineral oil overlay prevents the micro 
drops used in culture from evaporating, causing an increase 
in the osmality of the media resulting in the migration of 
water from the embryonic cells into the media. This is well 
established, but the mineral oil overlay also acts as a sink for 
a number of toxic materials. Just as PCB’s are sequestered in 
the fatty tissues of the body, similarly the mineral oil overlay 
will remove toxic materials from the culture.

Styrene is the raw monomer used in the plastic dishes and 
flasks used for culture. Styrene is highly reactive. It is sold 
with a stabilizer to prevent its spontaneous polymerization 
into polystyrene. From chamber studies, we know that highly 
reactive material is released from new plasticware. The fol-
lowing experiment underscores how useful mineral oil is in 
controlling chemical exposure. Mouse embryos were grown 
in culture with KSOM media. Half of the embryos were 
exposed to KSOM equilibrated with styrene and grown in 
organ well dishes. The other half were grown in the same 
media with a mineral oil overlay. The concentration of sty-
rene was approximately 300 ppm. This is an extremely high 
level of such a reactive substance. None of the mouse 
embryos in open culture survived past the two cell stage. 
Those grown in styrene saturated KSOM with the mineral oil 
overlay did develop with over 90%+ achieving blastocyst 
stage. The explanation is fairly simple. The mineral oil has a 
1,000 times higher solubility for system when compared 
with the aqueous media. The result is that 999 of very sty-
rene molecule was hidden in the mineral oil.

Similarly, mineral oil was shown to be protective in an 
AAAB proficiency test in differentiating between a good 
media and a bad media [3]. The toxicant added was formal-
dehyde, a known human carcinogen and very reactive chemi-
cally. The vast majority of labs doing the tests using mineral 
oil microdrop culture correctly identified the good media and 

the failed media. However, as reported by Miller et al. those 
doing their culture in open organ well dishes had both media 
failing. The reason is simple and goes to formaldehydes’ 
high volatile nature and high level of reactivity. The concen-
tration of formaldehyde in the bad media slowly fell as it sat 
in open culture at 98.6° in the incubator. Then, this allowed 
it to partition to the other “compartments” of the incubator, 
such as the water pan and the other good cultures. 
Formaldehyde is highly water soluble. It was then adsorbed 
by the aqueous media allowing the mouse embryos to be 
exposed to it.

Mineral oil’s ability to sequester oil soluble components 
is not an absolute barrier [4]. Remember that the mineral oil 
media air interface has series of equilibriums between each 
phase as a material.

Having set the stage for understanding some of the chal-
lenges facing a laboratory designer, let us now expand the 
key functions the laboratory must do if exogenous toxic 
materials are to be removed from our ART facilities. This is 
done by erecting solid barriers, pressurizing the space and 
using chemical and particulate filtration.

37.3  Key Characteristics of Modern IVF 
Facilities

The modern ART laboratory provides a physical barrier to 
exterior pollutants. Since we are incapable of detoxifying 
small molecules reliably without degrading the embryos, the 
only alternative is to develop a set of redundant barriers to 
the physical transport of the potentially toxic materials.

The modern ART or IVF laboratory’s construction is 
based upon multiple barriers to provide a durable barrier as 
the facility is used for a 10–15 year working life.

 1. The facility has a significant level of positive pressuriza-
tion and this is used as a supplement to the physical 
barriers.

 2. The air supply is drawn from the cleanest environment 
possible.

 3. The air supply changes rapidly, continually flushing clean 
air into the lab and displacing the “old” air that may have 
been contaminated by activities performed in and around 
the laboratory.

 4. Use of chemical filtration to remove airborne pollutants 
before they enter the ART laboratory.

 5. Use of inert building materials and construction tech-
niques to select materials with a zero or low probability of 
releasing potentially toxic materials.

While many organizations have some of these factors in their 
design, they are often incomplete or compromised by poor 
execution.
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There are no standards for IVF construction nor are there 
even generally recognized guidelines. The default standards 
are based upon the ART facility being an operating or proce-
dure room. The closest engineering standards for these labo-
ratories can be found in the joint publications of the American 
Institute of Architects and the United States government’s 
Department of Health and Human Services in their guide-
lines for Health Care Facilities. Tables 2.1 and 2.2 of the 
2006 Guidelines [5] is summarized below Table 37.1.

The problems with this lassie faire approach are legion. 
Let us examine the reasons in detail. Pressurization is the 
differential pressure between two rooms or compartments. 
Pressurization is not an absolute barrier. It means that the 
average force of the air molecules on one side of a barrier is 
higher than the other side. It says nothing as to the velocity 
and direction of any particular molecule. The resistance to 
infiltration is a complex relationship of temperature and pres-
sure and the number of penetrations. All other factors being 
equal, the higher the difference between the labs internal air 
pressure and the external air pressure, the lower the potential 
that a toxic material can enter the laboratory.

The extensive use of exhaust air or return air ensures a 
high level of volatile organics in hospital settings. Commonly, 
people think the air outside is dirtier than the inside air. The 
reverse is true [6–8]. Indoor air is dirtier than outside except 
when unusual exterior circumstances are operating. Such 
disturbances include air pollution alerts accompanied with 
temperature inversions which trap pollutants close to ground 
level. High ozone levels combining with high levels of Poly 
Aromatic Hydrocarbons (PAH) can cause a similar decline 
in outdoor air quality. Fires, or road paving operations should 
also be added to this listing.

The traditional laboratory with typical medical construction 
erects walls and ceilings with numerous large penetrations. 
The historic method of pressurization is supplying an excess 
of air into the room when compared to what is exhausted. 
The problem is that most IVF labs have rooms with so many 
holes that the level of pressurization is at 0.01 in. of water 
(2.5 Pa). This is not an effective barrier. The poor design is 
rendered worse by the typical access to the lab through one 
door. Open the door and the pressure differential disappears 

instantaneously. To be effective at a reasonable cost, the 
room must be sealed. Access should be provided by the use 
of a double door vestibule arrangement or, for passage of 
cathers and tubes, double doors pass through used integrated 
circuit fabrication. A realistic level of pressurization is at 
least 0.1 in. (25 Pa) of water. This can be easily met by build-
ing walls where all penetrations are sealed with gaskets and 
silicone caulking. Ceiling lighting can be suspended from 
the ceiling. The most common types of lighting mounted in 
the ceiling have numerous holes from running wires but also 
from cooling the lamps. Use of these fixtures will degrade 
the level of pressurization very quickly.

In evaluating the quality of construction, it is instructive to 
know that leakage from a vessel is proportional to the square of 
the radius of the sum of the penetrations. So, if poor building 
techniques are used, the sum of all the voids in penetrations 
will be several square feet. In a modern ART facility, all outlets 
are gasketed and the medical gas outlets are gasketed or sealed. 
The video lines and data links are sealed. All lighting is sealed 
or suspended from the ceiling in a way where all penetrations 
are closed. The sole leaks are at the doorway. These are reduced 
by the use of elastomeres seals, which are compressed when 
the door is closed. The leakage is controlled when the doors are 
opened by the use of redundant doors. Modern ART facilities 
have open penetrations on the order of square inches.

37.3.1  HEPE Filtration

The use of High Efficiency Particle Elimination (HEPE) fil-
tration is a common feature of most ART laboratories. In 
many cases, the users of these filters are under a profound 
misunderstanding of their function. The typical HEPE filter 
is rated as being 99.97% effective in the removal of particles 
that are >0.3 m. The filter is made by compressing a mesh-
work of fiberglass with binders and then is sealed into a 
pleated arrangement with a metal frame. The diagram below 
is a typical illustration.

The filter is not an effective barrier to embryo toxic 
materials that could enter the laboratory. An SEM view of 

Table 37.1 Guidelines for Healthcare Facility

Specified range Comments

Temperature 68–73°F (20–23°C) No requirements for stability
Relative humidity 30–60%
Pressurization Air movement is out Generally this level is positive and is routinely called out as 0.01 in. of water (2.5 Pa)
Minimum air changes  

of outdoor air/hour
3 Since most facilities have a total of 15 total air changes this means that 12 air 

changes per hour are just re-air-conditioned without any VOC removal since 
chemical filters are not required. In practice, to control airborne transmission  
of infectious agents, High Efficiency Particle elimination (HEPE) is used

Filtration HEPE Stops molds, bacteria and some large viruses plus large >0.3 m particulates
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the filter clearly illustrates the reason. The holes inside the 
filter are 0.3 m or 30,000 nm in size. The typical volatile 
organic is on the order of 1–10 nm in size. The target molec-
ular population is in orders of magnitude smaller than the 
holes in the HEPE filter.

37.3.2  Material Selection for Construction

The materials used in building the laboratory have a signifi-
cant and long term potential to degrade the environment. 
Many common building materials and practices are contrain-
dicated for ART facilities.

37.3.2.1  Oil Based Paints

These materials use mineral oil, linseed oil and turpentine to 
act as carriers for pigments. They work very well and in pro-
fessional painters hands, can produce wonderful and durable 
finishes. However, they do not dry by the mere evaporation 
of the solvents. Rather, by a slow oxidation of the oils to bind 
the pigments. This drying process takes months to be fully 
cured. In the meantime, the paint is off-gassing oxidation 
products of the oils which are toxic.

37.3.2.2  Linoleum

This traditional product is often marketed as being “Green” 
in the sense that this common flooring product is made from 
renewable materials grown on farms. Linseed produces lin-
seed oil and the Jute provides the fiber backing. In some 
products, natural or recycled rubber is added to the linseed 
oil jute overlay. All of these materials are problematic in that, 
in a manner similar to oil based paints, they will release a 
bewildering array of organics.

37.3.2.3  Particleboard

This is a common byproduct of lumber production where 
wood chips and sawdust are bound together with adhesives 
and pressure. The problem is that the materials will off-gas a 
human carcinogen and mutagen formaldehyde. The litera-
ture is replete with references for this source of the most 
commonly found embryotoxic material [9].

37.3.2.4  Urethane Foam Insulation

This is a two-part mixture that is sprayed into walls and voids 
to seal and insulate but even low VOC formulations outgas a 

wide variety of aldehydes, most commonly including formal-
dehyde and acetaldehyde. Its use has declined because of these 
difficulties, but structures still exist with this material in place.

37.3.2.5  Urea Formaldehyde Resins

These are plastic resins that found their way into plastic 
laminates for particleboard or for our plastic applications. 
Often, their use isn’t obvious unless the architect and labora-
tory operator fully examine every technical sheet or Material 
Safety Data Sheet (MSDS) to ascertain if they are constitu-
ents of a particular product.

37.4  Performance of Traditional IVF 
Laboratory Architecture

With the above as preface, let us examine how these laborato-
ries function at the level of chemical exposure to the embryos. 
Cohen et al. [10–12]. These papers detail the various sources of 
volatile organic compounds and some of their sources and 
impacts. The table below shows the level of VOC’s from 
seven traditional IVF facilities Table 37.2.

The table shows the sum of the VOC found in seven tradi-
tional IVF laboratories as determined by an established gas 
chromatography/mass spectroscopy (GC/MS) known as 
Toxic Organics-15 (TO-15) as listed in the US EPA methods 
of environmental analysis [13].

The situation was clarified by one laboratory built in the 
manner described below which suddenly experiences a reduc-
tion of 1/3 in their productivity as measured by their ongoing 
pregnancy rate. Before the incident, their ongoing pregnancy 
rate was 35% and fell to 23%. The analysis of the air from this 
facility compared to other facilities is shown below Table 37.3:

Laboratory # 7 is the case in point. To remove the alde-
hydes that were produced by a paving of the parking lot dur-
ing the summertime, a chemical filter using activated carbon 
and potassium permanganate was installed in the Heating 
Ventilation and Air Conditioning (HVAC) serving the 
laboratory. The chemical filter materials would adsorb some 

Table 37.2 Volatile organic compound (VOC) levels from a survey of 
seven laboratories

Location
Range of VOC’s 
µg/m3

Mean VOC 
levels µg/m3

Standard 
deviation

Outside air 128–1,830  533  705
Air supply 303–2,797 1,152 1,110
IVF lab 310–4,404 2,862 1,818
Incubator 717–9,485 2,769 3,054
Adjacent to the 

IVF lab
473–7,141 4,372 2,419
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of the higher molecular weight aldehydes such as Heptanal, 
Hexanal, etc. The potassium permanganate media is an 
oxidizer and reacts with the smaller aldehydes such as form-
aldehyde and acetaldehyde by breaking them down to carbon 
dioxide and water. With the installation of the equipment, the 
pregnancy rate rebounded to its previous level of productivity. 
The diagram above illustrates schematically the type of labs 
described earlier.

37.5  Modern IVF Facilities

IVF laboratories are now being built worldwide with the fol-
lowing general specifications Table 37.4:

The above specifications are offered as guidelines and 
should be evaluated upon the potential size of the facility, the 
budget available and the expected future size of the facility. 
Some of the design features have trade-offs.

37.5.1  100% Outside Air vs. 50% Outside Air

Modern IVF laboratories can be considered to be a biologi-
cal clean room with microbial control and a particular 
emphasis on the control of volatile organic compounds and a 
particularly toxic subset of VOC’s, namely aldehydes.

As stated earlier, the outside air is cleaner than air drawn 
from the interior of the building. Therefore, using outside air 
provides the cleanest air and allows the chemical filters to last 
longer since they are removing a low concentration of pollut-
ants. Having a large amount of fresh air coming into the labo-
ratory causes a flushing action to quickly remove any pollutant 
or toxicant, which is generated inside the IVF laboratory.

The use of outside air is also favored by a design philoso-
phy. If the chemical filters aren’t properly maintained and 
eventually exhausted, a 100% outside air system will 
perform better than one with a 50% return air provision.

IVF laboratories using 50% outside air and 50% return air 
are very workable. They tend to have a shorter filter life. 
They have reduced the cost of operations because of a lower 
energy use. While both systems are energy hogs when com-
pared with traditional IVF labs, a 50:50 system is cheaper to 
run. It is also the preferred option for laboratories where 
summer temperatures are above 90+°F (32+°C) combined 
with very high levels of relative humidity of 90%+.

Humidity control in the IVF laboratory is essential to 
inhibit mold growth. Mold is a common contaminant in IVF 
labs and is often carried in by the laboratory staff because of 
poor scrub control, such as when the scrubs are routinely 
worn outside the lab. For 100% outside air systems, the ideal 
HVAC system will use deep cooling coils to aid in fully cool-
ing the air in an effort to wring out the humidity. The ability 
to cool the air is dependent on the length of time the air is in 
contact with the coil but also how cold the cooling coils are. 
One hundred percent of laboratories in hot, very humid cli-
mates call for the use of a mechanical chiller or large scale 
coolant loop with a cooling tower.

37.5.2  Chemical Filtration

We have already mentioned the use of activated carbon as a 
media to remove a variety of organic compounds. Activated 
carbon works best on large organics that have numerous 
conjugate double bonds. The carbon provides a surface with 

Table 37.3 Aldehydes in several traditional IVF laboratories

The total below are the sum of the following species
Acrolien, acetaldehyde, butanal, pentanal, hexanal, heptanal, 

octanal, nonanal

Laboratory
Outside air
∑ µg/m3

Incubator air
∑ µg/m3

1  0  0
2  1.6 N/A
3  0 17.1
4  0  0
5 35  3.5
7 57.6 75.7

Table 37.4 Guidelines for IVF laboratories

Parameter
Minimal require-
ments measured by

Preferred requirements 
measured by

Ventilation 
rate

7.5 fresh air changes 
per hour are a 
minimal 
standard-tracer 
gas exchange

15–25 fresh air changes  
per hour are the higher 
standard-tracer gas 
exchange

Relative 
humidity

30–60% 30–55%

Pressurization 0.200 “of water 
from the IVF lab 
to outside-
micromanometer 
accurate to 
0.001” of water

0.250 “of water from the 
IVF lab to outside-
micromanometer 
accurate to 0.001” of 
water

VOC Supplied air 
<500 µg/m3 

US EPA TO-14/
TO-15

<80% with MW > 100 amu 
of the outside air 
supplied air <350 µg/m3

US EPA TO-14/15
Aldehyde Supplied air 

<3.0 µg/m3

US EPA T0-11

<outside air <2.0 µg/m3

US EPA TO-11

Particle counts <100, 000 Cu Ft
0.5–10 µ Fed Spec 

209 E

<10,000 Cu Ft
0.5–10 µ Fed Spec 209 E
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a cloud of free electrons which interact with the VOC and 
hold them by van der Walls forces. Its hold is tenuous for 
smaller molecules, but becomes very large and significant as 
the organic molecule’s molecular weight increases.

The materials that are not absorbed well by activated car-
bon are usually small, water soluble molecules. These are 
oxidized by exposing them to potassium permanganate on an 
alumina or zeolites matrix. The material is oxidized to car-
bon dioxide and water with the permanganate reduced to 
manganese dioxide.

In designing the chemical filter, the time the air spends in 
intimate contact with the media is crucial. A minimum resi-
dence time of 0.2 s is acceptable. A typical “z” type tray filter 
is shown.

Longer residence times are better, but economics eventu-
ally forces a compromise. The chemical filter should be located 
immediately in front of the HEPE filter. Keeping the chemical 
filter in a cool air stream promotes its removal efficiency. High 
summertime temperatures will reduce the carbons ability to 
hold a VOC contaminant.

37.5.3  Laboratory Layout

Each IVF laboratory design has elements that require compro-
mises, but the following arrangements have been shown to be 
highly desirable. The access to the IVF laboratory and rooms 
inside it should be through air-locks or vestibules which main-
tain a constant level of pressurization in the lab. The area in the 
lab doing gamete manipulation and embryo examination and 
culture should have the highest level of pressurization with the 
level dropping to zero as you go through the IVF lab microma-
nipulation and incubators to the vestibule.

The gas supply room should be adjoining the IVF labora-
tory, but should be on a different ventilation system and 
should be at least 0.2 in. of water (5 Pa) lower in pressure 
than the IVF laboratory.

Liquid nitrogen supplies should be placed as close as pos-
sible to the lab without being in the lab. A set of dedicated 
gas and liquid nitrogen should be provided. Long pipe runs 
of vacuum insulate nitrogen lines will be expensive and will 
cause a high percentage of the liquid nitrogen to evaporate 
before it is used. Gas lines for incubator and laminar flow 
hoods should be run via the above ceiling space or walls.

37.5.4  Casework for IVF Laboratories

As detailed earlier, particleboard is not an option because of 
its off-gassing potential. While many labs have particle board 
casework or Formica, it is no guarantee that new laboratories 

will get a lot of particleboard with a low aldehyde release 
potential. Metal casework, either stainless steel or powder 
coated steel, is recommended. In this product, a polymer coat 
is applied to the metal while it is charged and then baked at 
elevated temperatures. The result is casework that is largely 
inert. Countertops can be either the common epoxy top, 
Corian, a synthetic marble composite or metal.

37.5.5  Flooring

Carpet, linoleum and tiles are not acceptable. Sheet vinyl 
works very well. It should be glued to the floor with sections 
heat-welded together, eliminating cracks where dirt or micro-
bial material can accumulate.

37.5.6  Paint

Low VOC formulations of water based alkyd paint are 
acceptable. Epoxy paints can be used if they are applied in 
the manner ordained by the manufacturer.

37.5.7  Lighting

The laboratory should be equipped with two types of lighting. 
Typically, fluorescent lighting is provided, so full illumina-
tion is available for routine operations such as cleaning and 
equipment maintenance when the embryos are inside the 
incubators. Fluorescent lighting when embryos are out in the 
open is contraindicated. Hirao et al. was the first to show that 
light with a wavelength of <480 nm could damage hamster 
oocytes [14]. For those times when the embryos are outside 
the incubator, low level lighting from incandescent, halogen 
or LEDs should be considered. The reason is that these forms 
of illumination have a lower potential to generate potentially 
damaging ultraviolet light which could degrade the embryos.

37.6  The Modern IVF Laboratory

The schematic below illustrates the concepts described 
subsequently:

The schematic above illustrates a 100% outside air sys-
tem. It has been applied to a number of IVF practices and 
found to provide a stable environment resulting in increased 
productivity. As mentioned earlier, there are alternative 
arrangements. Some laboratories have added a duct which 
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can carry the exhausted air back to the air handler so that if 
an environmental emergency occurs outside, the air inside 
the IVF laboratory can be recycled.

The illustration shows a solid ceiling of sheet rock. Some 
laboratories have substituted a suspended tile ceiling. The 
suspended tile ceiling, if used, must be carefully selected. 
If suspended tiles are used, they must be of the type used in 
clean rooms and not the typical medical suspended ceilings. 
Cleanroom ceilings use suspended panels that have robust 
frames using aluminum extrusions. The frames are bolted 
together and have a closed cell gasket usually made of a sili-
cone rubber, which is sealed by pushing the rigid honey-
combed panels onto the frames which have a knife-type edge 
into the silicone rubber gasket. The panel is then locked into 
place with a mechanical clamp. These ceilings are more 
expensive than a solid gypsum ceiling.

Some firms make a “cleanroom type ceiling” with the 
same frames used in commercial spaces with an open cell 
urethane foam gasket. The panels are gypsum board with a 
vinyl covering. These ceilings, even when properly installed, 
still leak significantly and will degrade the efforts to pressur-
ize the IVF laboratory.

37.6.1  Supplementary Air Cleaning Utilities

The types of laboratories described above will eliminate 
many of the sources of embryotoxic materials but not all of 
them because they have several ways of entering the labora-
tory. We have already described the use of carbon dioxide to 
control pH in embryo cultures. The carbon dioxide used is 
generally USP grade. As the cylinder is used, it gradually 
changes from liquid carbon dioxide to compressed carbon 
dioxide gas. At this point, any impurity in the carbon dioxide 
will be released to the incubator. A carbon filter is used to 
absorb this slug of pollutants.

Small portable air cleaners are often used inside the incu-
bator itself to remove impurities that can be released by the 
plasticware used in the incubator plus fugitive emissions 
from the incubator, particularly from new equipment. Mayer 
et al. [15] has reported their beneficial affects.

Larger room air cleaners are often placed at the entrance 
of the facility in a way to reduce the level of VOC’s at the 
entry point.

37.7  The Reality of Building an IVF 
Laboratory

To this point, we have been dealing with the laboratory’s design 
as an exercise in science and engineering. However, while 

these principals are clearly important, there are procedural 
and business issues that need to be raised. The process of 
design and construction should be explained.

 1. The practice must peer into the future and consider the 
growth potential and the way the laboratory should be 
arranged. Build too large a laboratory and you will waste 
costly resources. Build it too small and you will regret 
the project in 5 years as the area served by your practice 
hopefully widens.

 2. Involve the staff of the laboratory in its design and lay it 
out before you enter into the design process.

 3. Will a full operating room be desired? Does the practice 
want to perform other surgical procedures besides the 
typical retrieval and embryo transfer?

 4. What local or state codes are you dealing with and how 
will it affect your operating room or procedure room?

 5. Will general gas anesthesia be used as an option or will 
the practice only use intravenous sedation?

 6. How will retrievals be done? Some practices use isolets 
with a separate carbon dioxide supply and stereo micro-
scope to collect ovum. Other practices use laminar flow 
hoods with a blood gas supply and water heated table 
held at 98.6°F. Both methods work well.

 7. Incubator atmospheres must be provided which brings the 
questions of normal levels of oxygen or reduced oxygen. 
The modern trend is to use a reduced oxygen atmo-
sphere. The fallopian tube has a lower level of oxygen 
(a nominal 18% vs. a reduced 6%). If a reduced oxygen 
atmosphere is to be used, then more nitrogen will be 
required. It can be supplied by compressed gases or from 
liquid nitrogen. In this arrangement, a large tank of liq-
uid nitrogen is used to supply both the liquid nitrogen 
from cryogenic gamete and embryo storage. The liquid 
nitrogen is heated when needed to generate a sufficient 
volume of gaseous nitrogen to the incubators.

 8. Alternative gas supply arrangements can also be consid-
ered. For very large practices with ample space, it may 
be wise to use gas storage tanks outside the building. 
These centralized tank systems allow bulk deliveries by 
truck, freeing the embryology staff from the job of 
changing tanks and shuffling large liquid nitrogen tanks. 
This is an option for large practices and should be evalu-
ated based upon the labor savings and lower cost of bulk 
gas delivery.

 9. Avoid design changes as they will delay the project and 
increase the cost of the project. When negotiating a project 
with a contractor, he should be aware that he will be forced 
to provide a “competitive bid” for his services when the 
project first starts up. However, once selected, he will con-
sider any changes as an opportunity to reconfigure his costs. 
Change notices, the document that covers the changes, 
will not be based upon a competitive cost since you are 
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not likely to dismiss him and start with a new contractor. 
This is why it is so important that your design be resolved 
in detail before you start building. Involve the entire 
team that will use the facility. Ideally, walk through each 
procedure and figure out the equipment needed and 
where it will be located.

 10. Test the final product and verify that the laboratory meets 
the design specifications. A complex construction proj-
ect such as an IVF lab rarely is completed without some 
defect. It may be as simple as door seals that result in 
allowed level of pressurization or a high level of resis-
tance in the ductwork because of a poor layout of the 
supply ducts with more turns than originally planned. 
The laboratories performance should be tested and the 
tests should include VOC sampling to check the perfor-
mance of the chemical filter. The ventilation rates must 
be verified independently from the contractors testing. 
Particle counts are also advisable.

 11. Final payments for the construction must be based upon 
satisfactory completion of the IVF laboratory testing 
verifying that the practice has received what was 
designed and paid for. Failure to make the final 10–20% 
payment contingent on passing the final test will leave 
the practice with a motivator for repairs in the highly 
likely event the new facility has a defect.

37.7.1  Design Flexibility and Options

The designs discussed here should be considered as part of a 
spectrum of options. Alternatives are available which have a 
slightly different arrangement of components. They still have 
the same basic elements. The work of Boone [16] and 
Worilow [17, 18] have reported their level of success with 

this approach. They both report independently an increase in 
productivity and implantation rates.

37.8  Performance of Modern IVF 
Laboratories

The table below summarizes the chemical testing results of 
11 facilities built according to the general guidelines dis-
cussed earlier. Not every lab has every feature, but they all 
adhere to the general intent of having robust chemical and 
particulate filtration, a real level of effective pressurization 
and correct material selection Table 37.5.

37.8.1  IVF Productivity and Modem 
Laboratories

A reasonable person will ask “so with all this effort, what is 
the payoff?” Modern IVF laboratories will have variations in 
productivity, but these fluctuations should be driven by varia-
tions in patient factors and treatment decisions and not the 
intrusion of embryo toxic materials entering the laboratory. 
With three facilities, a limited retrospective study was done. 
The practices agreed not to change their embryo culture sys-
tem and to use the same procedures for a year(s) after the new 
laboratory was brought on stream. The results were statisti-
cally significant increases in pregnancy rates in two practices. 
Three practices reported a statistically significant increase in 
implantation rate. The results of the study are below.

The practice of Dr. James Goldfarb, Medical Director, 
and Dr. Nina Desai, Laboratory Director of the Cleveland 
Clinic Foundation in Beachwood, Ohio has gone from an 

Table 37.5 Chemical testing results of 11 laboratories built using modern guidelines

Lab #
Outside or pre-filter 
VOC mg/m3

Post-filter or IVF 
lab VOC mg/m3

Outside or pre-filter 
aldehyde mg/m3

IVF lab aldehyde 
mg/m3

Ventilation rate 
(fresh air changes/h)

1 12,014 227 17.2 0.0  5.0
2 286 141 12.2 2.2 12.6
3 447 402  3.4 2.2 11.4
4 597 387 17.3 8.4  9.1
5 10,711 701 11.8 0.0 14.8
6 4,199 614  6.3 0.0  7.2
7 57,670 606  6.1 1.8 14.4
8 647 298 17.1 1.9  5.1
9 113 126  4.3 0.0 15.2
10 2,462 369  9.1 3.8  7.3
11 134.8 101.4  5.0 1.3 Undetermined
Mean of all modern 

IVF labs
8,116 361 10 2 10
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uncontrolled IVF laboratory in a busy surgical suite, to an 
isolated, modern IVF laboratory. The results showed a statis-
tically significant increase in their pregnancy rates and 
implantation rates for all patient age groups. The data for all 
patients are shown below Table 37.6:

Dr. Jacques Stassart, Medical Director of Reproductive 
Medicine and Fertility Associates in Woodbury, Minnesota 
showed a statistically significant increase in their implanta-
tion rates. An increase in their pregnancy rate was seen, but 
it was not statistically significant. The data for all patients are 
shown below Table 37.7:

Dr. Sangita Jindal, Laboratory Director of The Institute 
for Reproductive Medicine and Health in Hartsdale, New 
York also had a similar increase in pregnancy and implanta-
tion rates. The data for all patients are shown below 
Table 37.8:
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Abstract Approximately 50% of all infertility problems 
are due to male factors. Some of the male factors preventing 
natural insemination or fertilization include ejaculatory 
problems, low sperm counts, abnormal sperm morphology, 
diminished sperm motility and function, and, often times, 
a combination of several of these factors. In vitro fertiliza-
tion (IVF) was originally developed as a tool to overcome 
tubal defects in females and has since been widely utilized 
to achieve fertilization from men with a variety of abnormal 
sperm parameters. In cases in which sperm quality and 
quantity are severely compromised, injection of spermato-
zoon into the ooplasm of a mature oocyte is possible and is 
referred to as intracytoplasmic sperm injection (ICSI). Only 
a single sperm is required to perform ICSI, yet processing, 
isolation, and selection of a single healthy sperm from a 
subfertile man in an in vitro environment can be quite chal-
lenging. The objective of this chapter is to discuss the most 
commonly used methods of sperm separation and also to 
highlight the new methods currently being developed and 
tested for IVF and ICSI application. In addition, this chapter 
describes which separation process best suits the male factor 
in question and also the advantages and disadvantages asso-
ciated with each method. Finally, this chapter describes the 
stringent morphological criteria necessary to select the best 
sperm for IVF and ICSI.

Keywords IVF • ICSI • Sperm separation • Sperm  
isolation • Sperm morphology • Sperm classification

38.1  Introduction

Approximately 10% of all couples have infertility problems, 
of which nearly half are related male factor [1]. In vitro fer-
tilization (IVF) was originally developed as a treatment for 
tubal infertility; however, high rates of males with poor 
semen quality have led to the development of several prepa-
ration techniques to isolate motile sperm.

During natural insemination, semen is deposited in the 
vagina where potentially fertile spermatozoa are actively 
separated from immotile spermatozoa, debris, and seminal 
plasma by migration through the cervical mucus [2]. During 
this active separation, spermatozoa undergo maturational 
changes that enable them to fertilize oocytes. This process is 
known as capacitation [3, 4]. Factors within seminal plasma 
prevent spermatozoa from undergoing capacitation [5], and 
prolonged exposure to seminal plasma has been shown to 
inhibit sperm from undergoing the acrosome reaction [6] and 
to reduce their ability to fertilize oocytes [7]. Therefore, in a 
clinical setting where spermatozoa are being processed for 
IVF or ICSI, it is extremely important to separate spermatozoa 
from the seminal plasma as quickly as possible following 
ejaculation and liquefaction in order to reduce the inhibitory 
effects of seminal plasma. Several techniques have been 
developed to artificially isolate motile sperm from an ejaculate. 
The most commonly used techniques include simple washing 
and removal of seminal fluid, sperm migration or “swim-up,” 
and density gradient centrifugation [8]. However, new tech-
nologies such as microfluidics are being used to isolate sperm 
for assisted reproductive purposes.

The goal of this chapter is to describe the most commonly 
used methods of sperm separation used in assisted reproduc-
tion and also to highlight the new methods currently being 
developed and tested for IVF and ICSI. In addition, this chapter 
describes which separation process best suits the male factor 
being treated and also the advantages and disadvantages 
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associated with each separation technique. Finally, this chapter 
describes the best methods and stringent criteria necessary to 
choose viable sperm for IVF and ICSI.

38.2  Semen Collection

The most common method of obtaining a semen sample is 
through masturbation and ejaculation into a sterile nonsperm 
toxic cup. In cases in which ejaculation cannot be achieved via 
masturbation, whether due to religious or psychological rea-
sons, a nontoxic condom can be used to collect the ejaculation 
during sexual intercourse. Coitus inter-ruptus is not recom-
mended because of potential iatrogenic contamination and risk 
of incomplete sperm recovery. Following ejaculation, semen is 
maintained at body temperature and undergoes liquefaction 
within 30–60 min. When liquefaction is delayed or if the semen 
sample is very viscous, it is advisable to draw the sample 
through a 21-gauge needle to reduce viscosity [9].

In cases in which there is no ejaculation following orgasm, 
patients are asked to immediately urinate in a sterile cup, and 
the sample is analyzed for the presence of sperm. Presence of 
semen in the urine is an indicator of retrograde ejaculation. 
Men with this condition are prescribed stomach-acid buffer-
ing medications in order to neutralize the urine pH and thus 
provide a more hospitable environment for sperm during col-
lection and processing.

In cases in which men cannot achieve an erection, emis-
sion, or ejaculation because of neurologic or psychogenic 
reasons, semen can still be collected via prostatic massage, 
electrical stimulation of the prostate or applied vibration to 
the penis. Samples collected from men with spinal cord inju-
ries typically have high concentrations of sperm, poor motil-
ity, and red blood cell contamination of the ejaculate [9].

Spermatozoa may also be collected surgically from the 
epididymis or testicle in cases in which blockages prevent 
sperm transport. Most blockages are the result of a previous 
vasectomy, inflammation, tissue scarring or, a low percent-
age of cases, injury. In these cases, sperm are collected either 
by microsurgery or by percutaneous needle puncture. 
Depending on the skill of the physician, epididymal aspirates 
can be collected with minimal amounts of red blood cells or 
other cellular contaminants. Each sample aspirated is 
screened for the presence of spermatozoa. In some cases, 
enough sperm can be collected for use in IVF, intrauterine 
insemination (IUI), or freezing for future use.

In severe cases in which sperm cannot be located in ejacu-
lates or aspirates, spermatozoa can be collected by way of 
testicular dissection or percutaneous needle biopsy. This 
method of collection is highly invasive and is generally the 
last resort in obtaining sperm for ICSI. Samples obtained by 
testicular dissection contain large amounts of red blood cells 

and testicular tissue and thus require additional steps to 
isolate a clean sample of spermatozoa.

As described earlier, there are many ways in which sperm 
are collected for IVF and ICSI. Each method produces a very 
different sample composition, some of which are rich in sperm 
or seminal plasma, those that are diluted in urine, and some 
containing high amounts of cellular debris and blood cells. 
Additionally, many of these alternative collection techniques 
(not including normal ejaculation) yield very small numbers 
of sperm in relation to high amounts of cellular debris, making 
processing and sperm isolation even more difficult.

38.3  Sperm Processing Techniques

38.3.1  Simple Washing and Dilution

The original method of sperm separation during the first 
cases of IVF involved diluting semen with culture media and 
isolation of spermatozoa by centrifugation at 200–300 × g 
[10]. Following centrifugation, the supernatant is removed, 
and the pellet is resuspended with additional culture media. 
This process is generally repeated two to three times to com-
pletely separate out seminal plasma. Main advantages of this 
technique are its simplicity and affordability.

Major disadvantages of using simple washing and dilu-
tion are that contaminants found in the original sample such 
as immotile sperm, cellular debris, epithelial cells and leuko-
cytes remain in the washed sample. Cellular debris may pro-
duce reactive oxygen species (ROS) which impair functional 
competence of spermatozoa as well as cause DNA damage to 
spermatozoa [11]. In addition, it has been shown that 
increased levels of sperm DNA damage during IVF correlate 
with compromised embryo morphology at early cleavage 
stages [12], failure to advance to the blastocyst stage in vitro 
[13, 14], decreased pregnancy rates [15–17] and an increase 
in spontaneous abortions [18]. Repeated centrifugation has 
also been described to cause irreversible damage to sperma-
tozoa that reduces motility and possibly even destroy the fer-
tilization capacity of sperm (reviewed see: [19]). Because of 
limitations in separating spermatozoa from cellular debris 
and problems associated with repeated centrifugation, simple 
washing and dilution has been replaced in many instances 
with swim-up and density gradient separation techniques.

38.3.2  Swim-Up from Pellet

One of the oldest and most commonly used methods of 
sperm isolation is the swim-up procedure. This technique is 
used most commonly on normozoospermic males, was first 
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described by Mahadevan and Baker in 1984, and is still 
widely used in IVF clinics worldwide [20]. The swim-up 
method is based on the active movement of motile sperm 
from a prewashed pellet of sperm into a layer of fresh medium 
above. The first step in swim-up involves repeat dilution and 
centrifugation (two to three times) of the semen sample to 
separate spermatozoa from seminal plasma. The speed of 
centrifugation should be low enough to prevent the final pel-
let from being too tightly compacted. This can be easily 
observed by tilting the test tube and visualizing whether or 
not the pellet tilts as well [9]. Each laboratory should deter-
mine their appropriate centrifugation speed to achieve this 
pellet formation. The pelleted spermatozoa can be both 
resuspended and overlaid with media, or the pellet can be 
uninterrupted and overlaid with media. If one chooses to dis-
rupt the pellet, extreme care must be taken when overlaying 
media to prevent mixing and contamination with immotile 
sperm, debris and other cell types.

The efficiency of this technique is based on the surface of 
the cell pellet and the initial sperm motility in the ejaculate. 
Because there are many layers of sperm in the pellet, motile 
sperm situated in the bottom layers of the pellet are unlikely 
to ever reach the interface with the culture medium layer, 
thus limiting the yield of motile sperm.

To increase the surface area of the interface between the 
pellet and overlying culture media, the test tube can be tilted 
at 45° to facilitate migration of more sperm to the overlying 
culture media [9]. Resuspended or disrupted pellets can be 
placed in four-well dishes and overlaid with culture media to 
increase the surface area between the pellet and culture 
media [21].

The swim-up method using either the intact or disrupted 
sperm pellet is incubated at 37°C for 30–60 min in a buff-
ered media to allow spermatozoa to migrate from the pellet 
to the culture medium. A visual change in turbidity of over-
lying culture media is an indication that migration has taken 
place. If the culture media appears still clear after 60 min, a 
longer period of time is allowed for motile sperm to swim 
from the pellet.

Following incubation, the upper layer of culture media is 
carefully aspirated without disrupting the pellet and is trans-
ferred to a clean test tube for further analysis. One advan-
tage of this technique is that it isolates a population of sperm 
with greater than 90% motility without cellular debris. In 
addition, this swim-up technique isolates spermatozoa with 
increased swimming velocities and more normal morphol-
ogy [22] and improves the rates of acrosome reaction and 
nuclear maturity [23]. The disadvantages of this technique 
are in the low overall recovery of motile spermatozoa due to 
the limited area of contact between the pellet and culture 
media. Another disadvantage is in the initial centrifugation 
and pelleting of sperm. Centrifugation and pelleting force 
spermatozoa in close contact with immotile spermatozoa, 

cellular debris and leukocytes, which are known to produce 
very high levels of ROS [24] and can inhibit subsequent fer-
tilization ability.

38.3.3  Swim-Up from Nonpelleted Samples

The swim-up method can also be used directly on semen 
samples without need for the initial centrifugation step. 
Following liquefaction, semen samples can be allocated into 
four-well dishes or test tubes and overlaid with culture media. 
To reduce the chance of contaminating the upper layer of 
media with immotile sperm and cellular debris, it is possible 
to layer the semen under the culture media using a syringe 
[25]. Following incubation, the upper layer of culture media 
is carefully aspirated, transferred to a clean test tube and cen-
trifuged at 300–600 × g for 4–10 min [9]. Next, the pelleted 
spermatozoa are suspended in media, analyzed and prepared 
for insemination.

The advantages of this method are the high populations of 
motile and morphologically normal sperm without contami-
nation of nongerm cells and debris. In addition, this swim-up 
method does not require the initial centrifugation, which 
reduces the harmful effects from ROS. Some disadvantages 
of this method are the low yield of sperm from the original 
sample and the exposure to seminal fluid longer than the 
previously discussed other swim-up technique.

38.3.4  Density Gradient Centrifugation

The majority of all density gradients used to isolate sperma-
tozoa are discontinuous and consist of two to three layers 
[19] although single layer gradients also work. The most 
commonly used materials for density gradients are colloidal 
silica with covalently bound silane molecules, which are 
nontoxic and approved for human in vivo use. Some of the 
major density separation products developed for clinical IVF 
and ICSI use are PureSperm® (NidaCon International AB, 
Göteborg, Sweden), Isolate® (Irvine Scientific, Santa Ana, 
CA, USA), IxaPrep (MediCult, Copenhagen, Denmark), and 
Enhance® (Conception Technologies, San Diego, CA, USA). 
These products are made isosmotic by the addition of 
polysucrose [9].

Density gradient medium is a colloid rather than a solution 
and has a low viscosity, which does not slow the sedimenta-
tion of spermatozoa [19]. During centrifugation, highly motile 
sperm migrate faster in the direction of the sedimentation gra-
dient and are able to penetrate this interface faster than the 
low-motile or nonmotile spermatozoa [26]. This unimpeded 
density gradient separation produces a clean fraction of 
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highly motile spermatozoa. The pellet is washed with culture 
media and centrifuged at 200 × g for 4–10 min [9]. This pro-
cess is repeated two to three times to ensure the complete 
removal of contaminating density gradient medium.

There are many advantages in using a density gradient to 
process spermatozoa for IVF and ICSI. The entire ejaculate 
is used during the centrifugation process, resulting in a sig-
nificantly higher yield of motile spermatozoa than can be 
obtained using other separation techniques. Thus this tech-
nique is ideal for patients with suboptimal semen parame-
ters (e.g., oligozoospermia and asthenozoospermia). In 
addition, it has been shown that this separation technique 
produces a higher percentage of morphologically normal 
spermatozoa [27] with better DNA quality and chromatin 
packaging [28, 29] than other separation techniques. 
Another advantage of this technique is that it produces a 
relatively clean sample of spermatozoa, free of cellular debris 
and leukocyte contamination. This property significantly 
reduces ROS and problems associated with its contamina-
tion [26]. Disadvantages of this technique are that it is more 
expensive than the other techniques and that it requires repeat 
centrifugation.

38.3.5  Density Gradient and Swim-Up 
Combination

The advantages of both the density gradient and swim-up 
techniques can be achieved by combining the two sperm 
separation methods. Following liquefaction of semen, sper-
matozoa are separated as previously described using a dis-
continuous colloid gradient. The sperm pellet is resuspended 
in a buffered media, centrifuged and the supernatant is 
decanted to remove the contaminating density gradient 
medium. The pelleted spermatozoa can then be interrupted 
and overlaid with media, or the pellet can be maintained and 
overlaid with media and the swim-up separation takes place 
as described earlier. After density gradient separation, the 
swim-up is incubated at 37°C for 3–4 h in a buffered media 
to allow sufficient time for spermatozoa to migrate from the 
pellet to the culture medium. A visual change in turbidity of 
overlying culture media is the best indication that migration 
has taken place. Following incubation, the upper layer of cul-
ture media is carefully aspirated without disrupting the pellet 
and is transferred to a clean test tube for further analysis.

The greatest advantage in using this method is that it 
yields a clean sample of highly motile spermatozoa with 
extremely low levels of DNA fragmentation (unpublished 
data from our laboratory). Some of the disadvantages of this 
separation technique are that it is a bit more expensive, 
requires repeated centrifugation and a longer time for sperm 
swim-up in order to collect enough sperm for IVF.

38.3.6  Glass Wool Filtration

The two main ways to separate sperm using adherence and 
filtration are glass wool filtration and sephadex columns. 
These methods are based on the principal that dead or dying 
spermatozoa are extremely sticky and will attach to glass 
even in the presence of high concentrations of protein [25]. 
The initial step in glass wool filtration is an extensive rinsing 
of the glass wool to remove any loose wool fibers before fil-
tration. The filter is produced by gently packing 30 mg of 
precleaned fibers into the barrel of a 3 ml disposable syringe 
[30]. The entire ejaculate is mixed with an equal volume of 
culture media, placed into 15-ml tubes (no more than 3 ml/
tube) and centrifuged for 3 min. Following centrifugation, 
the pellet is resuspended with 1 ml of culture media and cen-
trifuged again at 300 × g for 3 min. Following this centrifuga-
tion, one pellet is resuspended with 300 ml culture media, 
which is then used to resuspend all other remaining pellets. 
The washed spermatozoa (no more than 400 ml) are now 
gently layered on top of the prewet glass wool and filtered 
using gravity into a clean 15-ml tube. When the dripping 
stops, 100 ml of culture media is added to the filter for a final 
rinse and the filtrate is then analyzed and prepared for IVF 
and ICSI [9].

Glass wool filtration results in similar rates of sperm motil-
ity as the discontinuous density gradient with an average 
recovery of 50–70% progressively motile spermatozoa [31]. 
One major advantage of glass wool filtration is that it is more 
successful than a density gradient separation at separation of 
viable spermatozoa when there is a high percentage of asthe-
nozoospermia or sperm with an abnormal hypo-osmotic 
(HOS) test [31]. Another advantage of this technique is that it 
uses the entire ejaculate, thus producing a high number of 
motile sperm, making this technique useful for patients with 
oligozoospermia and asthenozoospermia. This technique also 
separates sperm from urine in retrograde ejaculation cases 
[26]. Furthermore, it eliminates up to 90% of leukocytes pres-
ent in semen and therefore greatly reduces ROS exposure of 
spermatozoa. Glass wool filtration also yields significantly 
more chromatin-condensed spermatozoa than swim-up or 
density gradient separation [32]. Disadvantages of this tech-
nique are that it is slightly more expensive due to the added 
expense of glass wool and that the final filtrate is not as clean 
as in other separation methods.

38.3.7  Sephadex Columns

Sephadex beads filter out dead and dying spermatozoa using 
the same separation principals as the glass wool technique. 
Here, sperm are diluted with an equal volume of culture 
media and centrifuged at 400 g for 6 min. The supernatant is 
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removed and the sperm pellet is resuspended with enough 
culture media to bring the final concentration of sperm to 
100 × 106 sperm/ml. Next, 1 ml of washed semen is gently 
placed in the filter column containing hydrated filtration 
beads and mixed [9]. After 15 min of filtration, the filtrate is 
centrifuged at 400 × g for 6 min. Then, the pellet is resus-
pended with 1 ml of culture media, and sperm are analyzed 
and prepared for IVF or ICSI.

One advantage of this technique is the high yield of motile 
spermatozoa. Separation using sephadex beads yields sig-
nificantly more sperm than with swim-up and migration-
sedimentation [33]. This technique is ideal for patients with 
normal sperm motility and morphology but a lower than nor-
mal sperm count. Disadvantages are added expense of the 
Sephadex kits; the filtrate is not as clean as other techniques 
and potential risk of ROS due to the initial centrifugation 
wash process.

38.3.8  Microfluidics

Both sperm migration and gradient centrifugation result in 
the recovery of motile sperm. Nevertheless, these separation 
techniques are suboptimal for patients with severe oligozoo-
spermia, as samples from many of these patients have large 
amounts of debris, and recovery rates from initial sperm 
samples have been reported to be as low as 0.8% for direct 
sperm migration [34, 35]. Therefore, separation of sperm 
using microfluidics is a possible alternative to traditional 
sperm isolation techniques. Development of a microfluidic 
device for sperm characterization was first developed by 
Kricka and colleagues (1993) using fabricated silicon and 
glass microfluidic devices [36]. In this study, sperm motility 
was assessed along the length of a network of branching 
microchannels (80 mm wide × 20 mm deep). The authors dem-
onstrated that the amount of time it took for sperm to trans-
verse the microchannel correlated with forward progression 

scores [37]. This method of sperm isolation provides a good 
measure of motility and forward progression, but does not 
give reliable information on sperm concentration or percent 
sperm motility.

Advancements in microfabrication (e.g., soft lithography) 
have made it possible to easily construct any desired [38, 39] 
micro-structures. Using these techniques, Cho and colleagues 
developed a novel gravity-driven pumping system to sort 
sperm samples [40]. The device, termed a microscale inte-
grated sperm sorter (MISS), contains inlet/outlet ports, fluid 
reservoirs, gravity-driven power sources, and converging 
microchannels with laminar flow; all integrated components 
working together to facilitate sperm sorting [40]. The premise 
for this design was on the basis of a natural phenomenon of 
parallel laminar flow, characteristic of fluid movement at the 
microscale [41]. Laminar flow occurs when the Reynolds 
number (Re) is below 2,300. This number is a result of a cal-
culation based on fluid density, velocity and viscosity and 
hydraulic diameter. As the Re approaches 2,300, the fluid 
becomes less steady and above this point the current becomes 
turbulent [42]. The orientation, geometry and size of the 
MISS reservoirs were designed to balance gravitational forces 
and surface tension forces and provide a pumping system, 
free of external energy, that generates steady flow rates over 
extended periods of time [40]. This device was designed so 
that converging streams of semen and media would flow in 
parallel, in a laminar fashion within a microchannel. The two 
parallel streams only mix by diffusion at the interface between 
streams, but motile sperm are able to swim across the contact-
ing streamline and into the media for collection (Fig. 38.1). 
Nonmotile sperm, cellular debris, and seminal plasma do not 
cross this barrier and are shuttled into a waste reservoir.

Testing of this laminar flow sorting system was performed 
in two steps. First, 40 ml of unprocessed human semen was 
processed and second, semen samples were artificially filled 
with debris using a stock solution of round immature germ 
cells to simulate poor quality samples. For unprocessed 
semen, the device consistently produced a sorted fraction 

Fig. 38.1 Microfluid laminar flow collection of motile sperm
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with increased motility (mean 98% motile) and improved 
strict sperm morphology (mean 22% normal forms) versus 
the initial specimen (mean 44 and 10%, respectively). For 
debris-filled samples, the device not only concentrated motile 
sperm (mean 98% motile) within the collected fraction, but 
also produced a round cell: sperm ratio of 1:33 when com-
pared with a 10:1 ratio in the starting specimen [41].

A recent study by Schulte et al. demonstrated the benefi-
cial effects on sperm parameters when using a microfluidics 
sperm sorter compared with other methods of sperm washing 
and separation [43]. In this experiment, a sperm chromatin 
dispersion (SCD) assay was used to assess DNA integrity, 
and sperm motility was used to measure sperm viability. 
Results from this study demonstrated a significant decrease 
in DNA fragmentation in sperm processed using microfluid-
ics when compared with unprocessed sperm, as well as sperm 
isolated with serial centrifugation, density gradient centrifu-
gation, and swim-up [43]. These results were further demon-
strated on a similarly designed microfluidic platform made 
of quartz. In this study, a high percentage of highly motile 
sperm were separated within 5–10 min of processing and 
directly used for ICSI. A fertilization rate of nearly 50% was 
achieved but was not compared with other separation 
techniques [44].

Advantages of the microfluidic separation procedures are 
that it provides a simple, safe method of obtaining motile 
sperm of enriched normal morphology from both unpro-
cessed normal semen and poor quality specimens containing 
significant debris. Additionally, this method greatly reduces 
the percentage of sperm with DNA fragmentation. The big-
gest disadvantage of this method of sperm separation is that 
it is not capable of processing an entire semen sample because 
of its small capacity. Secondly, it does not isolate every 
motile sperm. Additional modifications of the current system 
are underway, which may allow for large-scale processing of 
semen [41].

38.3.9  Viral Sperm Processing

By the end of the 1980s, the rapid spread of Human 
Immunodeficiency Virus (HIV) cases forced immediate 
changes in laboratory testing and practices. The possibility 
of sexual transmission and the discovery of the virus in semi-
nal fluid [45, 46] forced the ART community to take notice 
and adapt practices to safeguard against the transmission of 
HIV [47] and other sexually transmitted viruses. It has 
recently been estimated that approximately 40 million peo-
ple live with HIV, of which 94% are adults. This number is 
growing at a staggering rate as it has been further estimated 
that an additional four million people are newly infected 
annually. Improvements in antiretroviral therapies have 

greatly improved the quality and extended the lives of 
those infected with this disease and led to a 30% increase in the 
number of infected adults in reproductive age as well as those 
seeking infertility treatment [48].

Andrology laboratories should be well prepared for 
infected cases and thus operate under the strict laboratory 
guidelines outlined for class II biological security [49]. All 
procedures must be carried out with individual protection 
(nontalcum gloves, eye protection, and a facial mask). 
Recognizing that all biological samples should be handled 
with Universal Precaution, the routine processing of sperm 
from infected patients and noninfected patients in the same 
laboratory should be highly discouraged and ideally two 
separate laboratories should be maintained. Following pro-
cessing, known contaminated samples should be stored in 
separate liquid nitrogen tanks as there is still some debate on 
vertical contamination during cryopreservation. Another 
option is to store samples in liquid nitrogen vapor.

One of the main goals in processing sperm from infected 
patients is to completely remove the virus from the sample. 
Cluster differentiation 4 (CD4) positive lymphocytes and 
macrophages, which are the primary receptors for HIV, are 
present in seminal liquid and must be removed during semi-
nal preparation [50]. Therefore, independent of the proce-
dure for which the sample will be prepared (IVF or ICSI); 
seminal preparation should always follow the same routine:

38.3.9.1  Previous Blood Test

It is necessary to establish a baseline CD4 count in order to 
determine any changes in a patient’s health as well as to mea-
sure the viral load in blood.

38.3.9.2  Processing of the Sample

The semen sample should be processed using the combina-
tion of a discontinuous gradient and sperm swim-up as 
described earlier. The laboratory should be prepared to set 
aside a large portion of the final sample for viral RNA test-
ing as well as cryopreserve remainder of the sample for 
future use.

38.3.9.3  RNA Viral Analysis

The sample should be measured using Real-time PCR to 
quantify the virus load in the sample. The HIV virus level 
should not exceed 50 copies/ml in the sample and Hepatitis 
B and C should not exceed 200 copies/ml.

It is important to recognize that detection of viral load, or 
lack there of, is directly related to sensitivity of the analysis. 
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Patient discussions and informed consent is absolute in 
attempting to process samples for viral load removal. One 
can expect that progress in this area will continue.

38.4  Postseparation Treatment  
of Spermatozoa

38.4.1  Sperm Motility-Stimulating Agents

One of the most obvious signs and useful measures of sperm 
viability is sperm motility. In cases where sperm are retrieved 
from the testis, spermatozoa have not undergone the matura-
tion events acquired during migration through the epididymis 
and are often times immotile. Several chemicals enhance 
sperm motility including; relaxin, kallikrein, cysteine, taurine, 
prolactin, caffeine, adenosine, deoxyadenosine and pentoxi-
fylline [51, 52]. Pentoxifylline is a methylxanthine deriva-
tive, and one of the most commonly used and widely studied 
compounds to stimulate movement in immobile sperm in 
both fresh [53–57] and cryopreserved spermatozoa [53, 56, 
58, 59]. It also aids in the selection of viable sperm for ICSI. 
This nonspecific inhibitor of phosphodiesterase increases 
intracellular levels of cAMP by preventing its degredation. 
Elevated levels of cAMP stimulate motility, velocity and 
hyperactivity of spermatozoa. In addition, pentoxifylline 
has been shown to enhance the acrosome reaction [60] 
although premature induction of the acrosome reaction can 
be problematic [26]. Therefore, it is generally only recom-
mended to use pentoxifylline on sperm prepared for ICSI 
and can especially be useful with testicular and epidiymal 
aspirated sperm.

Platelet-activating factor (PAF) can also be used to select 
viable sperm from males with asthenozoospermia. PAF fac-
tor has a positive effect on motility, capacitation, the acrosome 
reaction, and oocyte penetration [61, 62]. However, the 
mechanism by which PAF works is still not completely 
understood, and further studies are required to establish its 
importance in sperm function/processing.

38.4.2  Hypo-osmotic Swelling Test

In cases where chemical treatment of sperm is not possible 
or effective, another simple test exists to determine sperm 
viability. The Hypo-osmotic Swelling test is based of the 
semi-permeability of the intact and physiologically func-
tional plasma membrane. Placement of viable spermatozoa 
into hypo-osmotic media causes an influx of water into the 
cell and expansion of the cell volume [63].

The HOS test can be performed immediately before ICSI. 
When setting up the ICSI plate, a small 5-ml drop of HOS 
media is placed next to two drops of culture media. The 
sperm suspension is then added to one of the drops of culture 
media. Individual spermatozoa are picked up with the ICSI 
pipette, placed in the HOS drop, and are immediately visual-
ized for the presence of tail swelling or coiling. The tail 
swelling or coiling indicates the presence of an intact plasma 
membrane and cell viability. These cells are immediately 
removed from the HOS and transferred in the second wash 
drop to remove excess hypo-osmotic solution from the sperm 
and pipette. The spermatozoa are then transferred to a PVP 
drop and used normally for ICSI.

38.5  Selection Criteria

In IVF cases, sperm concentration, progressive motility and 
sperm morphology have all been demonstrated to be valuable 
predictors of fertilization and pregnancy rates [27, 64–70]. 
Liu and Baker studied the effect of sperm factors on over 
1,000 IVF cases and ranked sperm morphology and zona 
binding as the most significant markers of fertilization. 
Additionally, Liu and Baker ranked normal intact acrosomes 
as correlating highly with fertilization rates [71]. Furthermore, 
Liu and Baker determined that sperm–ZP binding correlated 
with motility (as well as normal morphology and percentage 
acrosome-intact). On the basis of these results, the authors 
proposed that procedures that select for high numbers of 
sperm with normal morphology, forward progression, intact 
acrosomes and a high zona-binding capacity may improve 
the results of IVF [71].

It has further been shown that morphological abnormali-
ties (particularly sperm head abnormalities) result in poor 
embryo quality and decreased pregnancy rates [72]. Grow 
et al. demonstrated that strict morphology could be used as 
a biomarker for fertilization [73]. In addition, Miller showed 
that sperm morphology could be related to blastocyst devel-
opment [74] and Salumets et al. demonstrated that sperm 
morphology can be used to determine blastomere cleavage 
rates [75]. These results are not without debate as Host 
et al. was unable to find any correlation between sperm 
morphology and fertilization, embryo development and 
pregnancy rates when using Tygerberg and WHO analysis 
criteria [76, 77].

There is much debate as to whether sperm morphology 
can affect ICSI results. This question is difficult to answer 
because of the subjectivity of the ICSI technician selecting 
individual sperm to inject into oocytes, as it is probable that 
the most morphologically normal sperm will be selected and 
is likely not representative of the entire population of 
sperm.
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It has been shown that sperm concentration, motility and 
morphology do not influence the outcome of ICSI [78–82]. 
Mansour et al., detected no differences in fertilization and 
pregnancy rates between patients with >95% teratozoo-
spermia and those with <95% teratozoospermia [83]. In 
addition, Windt et al. found no differences in fertilization 
and pregnancy rates in ejaculated and testicular sperm that 
were classified as either good-prognosis or poor-prognosis 
spermatozoa [84]. Similarly, Yavetz et al. showed that head 
dimension, acrosome, and mid-piece abnormalities do not 
affect fertilization rates [85].

Despite reports demonstrating sperm morphology have 
no effect on fertilization and pregnancy rates, there are 
numerous reports that show strong correlations between 
sperm morphology and fertilization and subsequent devel-
opment. Several groups have shown that in cases in which 
there is extremely high or complete teratozoospermia, 
there are no differences in embryo development; however, 
there is a significant decrease in pregnancy rates [86] and 
implantation potential, [69] and a higher rate of spontane-
ous abortion [87].

Owing to the subjective nature of selecting individual 
sperm for ICSI, it is important to classify each individual 
sperm used for ICSI instead of the population from 
which sperm are selected. Meticulous recording is nec-
essary in determining the effect of various sperm abnor-
malities on subsequent fertilization and developmental 
outcomes. Levran et al. recorded the morphology of 
every sperm used for ICSI and found that fertilization 
was reduced when the following characteristics were 
present: short acrosome region, round head, and amor-
phous-head defect. In addition, no pregnancies were 

achieved when amorphous head defects were present. 
This study revealed that sperm head defects play a major 
role in decreased fertilization rates and poor embryo 
quality [32].

In a similarly designed study, De Vos et al. showed a 
decline in fertilization, implantation and pregnancy rates 
when morphologically abnormal sperm were used for ICSI 
[88]. De Vos et al. also showed that the lowest rates of fertil-
ization are achieved when sperm with amorphous-head 
defects are used for ICSI [88]. Several other research groups 
have also shown that injection of sperm with macrocephalic 
heads results in low fertilization and pregnancy rates [89, 
90]. Macrocephalic sperm have problems during meiosis I 
and II, resulting in failure of nuclear cleavage. For this rea-
son, it has been suggested that sperm with this malformation 
should not be used in ICSI [89, 90]. Intracytoplasmic sperm 
injection with severely tapered sperm also decreases fertil-
ization rates [91]. Spermatozoa with tapered heads are 
thought to have prolonged and incomplete decondensation 
patterns which may explain this decrease [91].

De Vos et al. showed that of fertilized oocytes, those 
injected with broken necks had reduced rates of embryo 
development and subsequent ability to establish pregnancy 
[88]. These results were in agreement with a study by Rawe 
et al., who also showed a negative effect on embryo develop-
ment when sperm with head-tail junction alterations are used 
in ICSI [92]. Rawe et al. suggested that alterations in the 
neck region are caused by centriolar dysfunction [92]. The 
sperm centrosome provides the active division center for the 
embryo and plays a very important role in the first division of 
the embryo at syngamy. The functional, proximal sperm cen-
triole is carried into the oocyte at fertilization, persists during 
sperm decondensation, and organizes the sperm aster and the 
first mitotic spindle [93]. Therefore, problems with centrio-
lar function may result in insufficient sperm aster formation 
and problems during syngamy, cleavage and subsequent 
development.

38.5.1  PICSI™ Selection

To overcome the subjectivity of selecting the “best looking 
sperm” by an embryologist, a new noninvasive ICSI selec-
tion strategy has been developed to select only mature sperm. 
Previous research has shown a strong relationship between 
immature sperm and chromosomal disomies [94]. These 
findings suggest that selection of mature sperm may greatly 
reduce ICSI-related genetic disorders [94]. It has been dem-
onstrated that sperm undergo a sperm plasma membrane 
remodeling during maturation [95], which facilitates the for-
mation of hyaluronic acid (HA) sperm-binding site(s) for the 
zona pellucida [44, 96–100]. Immature sperm that have not 

Fig. 38.2 Comparison of WHO and strict morphology criteria
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undergone plasma membrane remodeling cannot bind to the 
zona pellucida or to immobilized HA [97, 101]. The pres-
ence of these binding sites allows for the selection of mature 
spermatozoa and is the scientific basis for the development 
of the PICSI™ plate (Biocoat, Inc).

The PICSI™ plate utilizes drops of hyaluronan (H), a 
major constituent of the cumulus matrix to bind mature 
sperm to the bottom of the plate. Once bound to the plate, the 
embryologist can simply pick-up the sperm using an ICSI 
pipette and proceed with normal ICSI. Using these principals 
for selection, Jacab et al. showed that HA-selected sperm 
had significantly reduced chromosomal disomy and sex 
chromosomal disomy frequencies when compared with 
unselected sperm [102]. In addition, Jacab demonstrated that 
there was no DNA fragmentation as assessed by DNA-nick 
translation and COMET assays in HA-selected sperm [102]. 
These results are especially encouraging as sperm shape and 
size can not be used to observe chromosomal abnormalities 
or DNA fragmentation.

In a recent study comparing the selection of sperm using 
PICSI™ and ICSI, Worrilow et al. demonstrated a statisti-
cally significant improvement in fertilization rates when 
using PICSI™ selected sperm [103]. In addition, the per-
centage of fragmentation was significantly less in embryos 
produced using PICSI™ selected sperm than in ICSI con-
trols. Furthermore, positive beta hCG and clinical pregnancy 
rates for PICSI™ patients were higher than controls and the 
rate of miscarriage was significantly reduced in PICSI™ 
cases [103]. The results from this study further support the 
idea that selection of mature sperm with enhanced functional 
competence exerts a positive paternal influence on subse-
quent development.

38.6  Conclusions

Advancements in knowledge of male infertility reveal that 
there is not a single separation protocol that can be univer-
sally applied on all semen samples to achieve successful fer-
tilization and development. Not only does the manner in 
which the semen is collected have to be considered when 
choosing a method for sperm preparation, but it is also 
important to consider the quality and quantity of spermato-
zoa as well as the way the sample is to be used. Some studies 
do not support the idea that sperm morphology can be used 
as a reliable marker for embryo development and pregnancy, 
while many others do. As more ICSI are being performed 
(greater than 70% in many ART clinics), so must the scrutiny 
with which we select sperm for these procedures increase. 
Advancements in microfluidics and in noninvasive methods 
to select HA-bound sperm have provided new methods of 
separation and isolation which can greatly reduce the chance 

of selecting sperm with DNA or chromosomal abnormalities. 
The integration of these new technologies will likely be use-
ful. Additionally, discoveries of novel means of selecting the 
best sperm for fertilization, embryo development, pregnancy 
initiation, and birth of healthy children are required and they 
represent an exciting area of current and future research.
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Abstract During fertilization, the sperm delivers a haploid 
set of chromosomes to the zygote. Genetic alterations, such 
as numerical or structural chromosome defects, can affect 
the ability of the embryo to undergo normal development. 
Similarly, epigenetic defects, such as abnormal methyla-
tion of gene promoters, may affect gene expression during 
embryogenesis and affect the viability or health of the devel-
oping embryo. This chapter explores the genetic and epige-
netic contributions of sperm to normal embryogenesis.

Keywords Aneuploidy • DNA damage • DNA methylation 
• Embryogenesis • Epigenetics

39.1  Introduction

There is mounting evidence suggesting that the influence of 
the paternal genome on reproduction goes beyond that which 
can be appreciated by simple quantitative and morphologic 
evaluation of spermatozoa. This paternal influence spans from 
the gross nuclear contribution of a spermatozoon possessing 
the wrong chromosomal make up to that of a more subtle con-
tribution as perceived in relation to the incorrect epigenetic 
state of the spermatozoal chromatin. Animal models have 
largely revealed the existence of this paternal influence; how-
ever, the increasing use of compromised spermatozoa via 
treatment modes, such as intracytoplasmic sperm injection 
(ICSI) in the human, have led to the belief and apprehension 
that such traits are more likely to be observed. Simple circum-
vention of fertilization using ICSI may increase the chances of 
deleterious effects arising from imperfect spermatozoa, and 
other reproductive parameters, such as embryo development, 
implantation, pregnancy loss, and live birth rate, may be 
affected. Therefore, it is necessary to identify molecular and 

cellular mechanisms that cause impaired spermatozoal function 
in order to develop personalized diagnostic and therapeutic 
interventions. In this chapter, we summarize the evidence pointing 
to this paternal effect and discuss whether our treatment options 
should be modified in certain patients. Invariably these treat-
ment options largely revolve around the use of ICSI, as it is the 
power of this technique that allows us to push the limits of 
treatment of the male.

39.2  Aneuploidy of Paternal Origin

39.2.1  Incidence of Aneuploidy in Human

A small percentage of aneuploid fetuses survive and aneu-
ploidy has important clinical implications as the leading 
cause of pregnancy loss and the most common cause of men-
tal retardation. The detected incidence of aneuploidy in 
humans varies depending on the developmental time point 
examined. Approximately, 0.3% of newborns are aneuploid 
[1] with the most common abnormalities being trisomy 21 
and sex-chromosome trisomies (47,XXX, 47,XXY, and 
47,XYY). Among stillbirths (fetal deaths occurring between 
20 weeks of gestation and term), the incidence of aneuploidy 
increases tenfold to approximately 4%, with the types of 
abnormality being similar to those identified among new-
borns. The incidence of aneuploidy among clinically recog-
nized spontaneous pregnancy losses (between 6–8 weeks 
and 20 weeks of gestation) is estimated to be 35%. Unlike 
livebirths or stillbirths, various aneuploidies are detected in 
spontaneous abortions, including trisomies for almost all 
chromosomes. Analysis of preimplantation embryos gener-
ated by ART has revealed high aneuploidy rates [2]. These 
results are consistent with cytogenetic analyses of human 
gametes. An approximately 2% aneuploidy rate is reported 
in human spermatozoa [3], while in oocytes obtained for 
assisted reproductive technologies, it is much higher at 
20–25% [4–6].
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39.2.2  Paternal Origin of Aneuploidy  
in Human

Sperm chromosomal analysis was initially investigated using 
the zona-free hamster egg penetration test, a costly, labor-
intensive method that requires sperm-fertilizing ability [7]. 
Introduction of fluorescent in situ hybridization (FISH) has 
now made the cytogenetic analysis of a larger number of 
spermatozoa in a shorter period of time more feasible. Based 
on FISH studies, paternal errors account for 5–10% of auto-
somal trisomies, while maternal MI errors are the predomi-
nant etiology [1]. Paternal effect on sex chromosome 
trisomies is higher since 100% of 47,XYY, and nearly 50% 
of 47,XXY are paternal in origin [1, 8]. Seventy to eighty 
percent of 45,X have single maternally derived X chromo-
some and the paternal chromosome (X or Y) is lost either in 
meiosis or in an early stage of embryo development [9].

39.2.3  Incidence of Sperm Chromosome 
Aneuploidy and Implications  
on Reproduction

Hansen et al. [10] reported compiled data from the registries in 
Western Australia, involving 301 infants conceived with ICSI, 
837 infants conceived with IVF, and 4,000 naturally conceived 
controls between 1993 and 1997. They found the incidence of 
major birth defects to be more than twofold higher for ICSI 
and IVF groups (8.6 and 9.0%, respectively) compared to nor-
mal controls (4.2%). Their data show an increased incidence 
of chromosomal abnormalities in the ICSI group (1.0% for all 
infants and 1.6% for singletons only) compared to IVF (0.7% 
for all infants and 0.6% for singletons only; the difference not 
statistically significant) and normal controls (0.2% for all 
infants and 0.2% for singletons only; p < 0.05).

While some other studies failed to show an increase in 
major birth defects in children conceived with IVF and/or 
ICSI [11, 12], these were criticized for methodologic 
problems such as inadequate sample sizes, lack of appropriate 
data for comparison, use of different criteria to define major 
birth defects in infants conceived with ART and those 
conceived naturally [13].

The largest studies have arisen from registries established 
in Europe, especially from the Belgian groups. Van Steirteg-
hem et al. summarized data from seven studies reporting 
karyotype analyses performed for prenatal diagnosis in a 
total of 2,139 pregnancies conceived with ICSI [14]. In com-
parison with the general population, they calculated a slight 
but significant increase in de novo sex chromosomal 
aneuploidy (0.6% vs. 0.2%), and structural autosomal abnor-
malities (0.7% vs. 0.04%), and an increased number of 
inherited (mostly from the father) structural aberrations.

Possible causes of elevated chromosome aneuploidy fol-
lowing ICSI include the technique itself or an increased risk 
from the sperm used for ICSI. Carrell et al. [15] found the 
mean aneuploidy rate for five chromosome (X ,Y, 13, 18, 21) 
to be 1.2% for fertile controls, 1.4% for general population, 
2.6% for men with moderately diminished semen quality 
(count, motility, or morphology were diminished, but greater 
than 50% of normal value), 4.0% for men with severe terato-
asthenooligozoospermia (count, motility, and morphology 
were all less than 50% of normal value), and 15.9% for men 
with rare ultrastructural defects. Their findings are consistent 
with previous reports and suggest that the incidence of chro-
mosome aneuploidy in spermatozoa correlates with the 
severity of sperm defects.

The same group found the sperm chromosome aneuploidy 
rate to be higher in partners of women with recurrent preg-
nancy loss (2.77%) compared to the general population 
(1.48%) or fertile controls (1.19%) [16]. This is consistent 
with a previous report by Rubio et al. [17].

In summary, available evidence suggests a relationship 
between abnormal semen parameters and an increased inci-
dence of sperm chromosomal aneuploidy. This increase may 
contribute to the higher rate of sex chromosomal aneuploidy 
reported in fetuses conceived with ICSI. Moreover, there 
may be a relationship between recurrent pregnancy loss and 
elevated sperm chromosomal aneuploidy. However, the rel-
evance of these findings, beyond their use in counseling is 
currently unclear, because even in men with increased sperm 
chromosomal aneuploidy, only less than 5% of spermatozoa 
seem to have aneuploid chromosome content.

At present, we are unable to offer our patients a selection 
technique whereby spermatozoa with normal chromosome 
number can be used for fertilization. Very recently, Jakab 
et al. reported a new method based on the hyaluronic acid 
binding ability of spermatozoa [18]. Using this method, they 
were able to simulate ICSI techniques and select a spermato-
zoa population with a four- to fivefold decreased frequency 
of disomy or diploidy compared to unselected spermatozoa. 
While further validation is necessary, their findings are 
encouraging in providing a test that allows selection of sper-
matozoa prior to ICSI.

39.2.4  Klinefelter Syndrome as a Cause  
of Sperm Chromosome Aneuploidy

Klinefelter syndrome is the most common chromosomal dis-
order associated with male infertility, reported to occur in 1 
in 500 newborn males. In approximately 95% of cases, it is 
characterized by a 47,XXY chromosome complement. The 
47,XXY karyotype has a high incidence among infertile 
men, detected in 11% of men with azoospermia and in 0.7% 
of men with oligozoospermia.
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The clinical presentation of Klinefelter syndrome includes 
small, firm testes, eunuchoid habitus, gynecomastia, elevated 
serum FSH levels, and azoospermia. While azoospemia is 
the usual finding among Klinefelter syndrome that carry a 
47,XXY karyotype, oligozoospermia has been described in 
men with mosaicism. Moreover, rare cases of fertility have 
been reported among oligozoospermic Klinefelter syndrome 
patients.

Testicular histology in men with Klinefelter syndrome is 
characterized by the absence of spermatogenesis and hyalini-
zation of seminiferous tubules. Those with mosaicism are 
less affected initially and the majority have normal size 
testes and spermatogenesis at puberty. However, their ability 
to reproduce is temporary as their reproductive function 
deteriorates rapidly and their seminiferous tubules become 
hyalinized shortly after puberty.

The ability of the germ cells from a 47,XXY male to pro-
ceed through meiosis and to generate XX or XY hyperhap-
loid gametes is not known. The presence of more than one X 
chromosome in a male germ cell is believed to be detrimen-
tal, although this notion has been challenged by FISH studies 
of spermatozoa in mosaic Kleinefelter’s patients with 
47,XXY, 46XY karyotype [19, 20]. An increased frequency 
of hyperhaploid 24,XY in these patients argues that such 
cells may indeed possess a meiotic capacity.

39.3  Y Chromosome Microdeletions

The human Y chromosome consists of a short and a long arm, 
termed Yp and Yq, respectively. The areas of sequence identity 
to the X chromosome that allows pairing and recombination 
during meiosis, called pseudoautosomal pairing regions (PARs), 
are located at the distal portions of Yp and Yq.

Y chromosome microdeletions are the second most 
frequent genetic cause of male infertility after Kleinefelter 
syndrome. Because the absence of meiotic recombination 
within most regions of the human Y chromosome impedes 
linkage analysis, mapping has been based on naturally occur-
ring deletions. Initially, an interval map dividing the Y 
chromosome into seven segments was reported [21], and this 
was further delineated into 43 subintervals [22], resulting in 
the most commonly used map of the human Y chromosome. 
Almost 30 years ago, Tiepolo and Zuffardi were first to report 
microscopically detectable deletions in the distal potion of 
Yq in six azoospermic men [23]. Their findings suggested 
the presence of genes regulating spermatogenesis in the 
distal potion of Yq later referred to as the azoospermia factor 
(AZF). Further studies of men with nonobstructive severe 
oligozoospermia or azoospermia [24, 25] suggested the 
existence of a multitude of loci within Yq that may be associ-
ated with infertility, and lead to the characterization of three 
separate, nonoverlapping regions required for spermatogenesis 

referred to as AZFa, AZFb, and AZFc [25]. A fourth AZF 
subregion, positioned between AZFb and AZFc has also been 
proposed and named AZFd [26].

Studies of Y chromosome deletions have also demon-
strated that although the genes within the nonrecombining 
portion play an important role in male fertility, their loss is 
not exclusively linked with azoospermia [27]. Indeed, 
microdeletions within the AZF regions have been associated 
with a multitude of clinical findings including Sertoli-cell-only 
syndrome, spermatogenic arrest, and morphological abnor-
malities of postmeiotic germ cells.

Naturally occurring infertility-associated deletions may be 
restricted to any one of the AZF regions or they may extend 
beyond a given region to encompass multiple subregions of 
AZF. In a series of reviews by Simoni and colleagues, four 
clinically relevant Y chromosome microdeletions found in 
men with oligo- or azoospermia: AZFa, AZFb, AZFbc, and 
AZFc [28]. The most frequently deleted region is AZFc 
(approximately 60% of cases), followed by deletions of the 
AZFb and AZFbc or AZFabc regions (35%), while isolated 
AZFa deletions are rare (5%) [29].

39.3.1  Phenotypes Associated with Y 
Chromosome Microdeletions

Deletions removing the entire AZFa, or AZFb regions 
(complete deletions) are associated with Sertoli cell only 
syndrome and spermatogenic arrest, respectively [30]. 
Partial deletions of AZFa or AZFb regions, or complete 
or partial deletions of AZFc region are associated with a 
variable phenotype ranging from oligozoospermia to Sertoli 
cell only syndrome. The broad range of phenotypes observed 
is not surprising in that several potentially functional genes 
or gene families lie in each AZF region. These include USP9Y 
(ubiquitin-specific protease 9, Y chromosome; initially iden-
tified as DFFRY, Drosophila fat facets related Y), and DBY 
(dead box on the Y) single genes in AZFa, RBM (RNA-binding 
motif) gene family in AZFb, and DAZ (deleted in azoo-
spermia) gene family in AZFc [31]. Another explanation 
for the variable phenotype is the progressive regression of 
the germinal epithelium reported in patients with AZFc 
microdeletions [32, 33].

39.3.2  Y Chromosome Microdeletions  
in Fertile and Infertile Man

The pathogenic role of Y chromosome microdeletions in 
male infertility has been questioned by reports of naturally 
transmitted deletions removing the entire AZFc region [25, 
34–36]. Sperm analysis was available in only two cases. Two 
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fathers, one with reduced and the other with unknown sperm 
count, were able to father a single child [25, 34], whereas the 
father of four infertile sons was azoospermic many years 
later, after the natural conception of his sons [35].

Most studies investigating Y chromosome microdeletions 
used “proven fertile men” as controls rather than “normo-
zoospermic men”. Krausz and McElreavey summarized the 
results of 26 studies reported between 1995 and 2001 and 
calculated that only 12 of 2,295 proven fertile men, and 
none of 392 normospermic men had Y chromosome 
microdeletions [37]. In their elegant discussion, they pointed 
to the fact that the fertility potential of a man also depends 
on his partner’s fertility potential, and that fertility is not a 
synonym of normozoospermia [37]. Indeed, the 12 fertile 
men with Y chromosome microdeletions reported in two 
studies [26, 34] could have been oligozoospermic. In sum-
mary, Y chromosome microdeletions have been found 
almost exclusively in patients with less than 1 million 
spermatozoa per milliliter, and are extremely rare (approxi-
mately 0.7%) among men with sperm concentrations greater 
than 5 million spermatozoa per milliliter [29], arguing for 
an important role for Y chromosome microdeletions in 
spermatogenic failure.

The incidence of Y chromosome microdeletions reported 
in infertile men varies between 1% [38] and 55% [39]. This 
variability may be caused by several factors including patient 
selection criteria, lack of rigorous testing of negative results, 
and ethnic variances among study populations [29].

39.3.3  Y Chromosome Microdeletions  
and ART Outcome

The introduction of ICSI combined with sperm retrieval 
techniques, such as testicular sperm extraction (TESE), now 
allows men with Y chromosome microdeletions to repro-
duce. Mulhall et al. [40] compared eight azoospermic men 
with AZFc deletions with 28 controls with normal Y chromo-
somes. All patients were treated with TESE and subsequent 
ICSI. While fertilization rates seemed to be lower in the 
AZFc deletion group compared to controls (36% vs. 45%), 
there was no statistically significant difference. Pregnancy 
rates did not differ between the two groups.

In a subsequent study, Van Golde et al. retrospectively 
compared the success rate of 19 ICSI treatments in eight 
couples with AZFc microdeletions to a control group of 239 
ICSI treatments in 107 couples [41]. Ejaculated spermatozoa 
was used in both study groups. Although they found signifi-
cantly lower fertilization rates (55% vs. 71%, p < 0.01) and 
embryo scores in couples with AZFc microdeletions, overall 
pregnancy rates did not differ.

Oates et al. evaluated 713 men with nonobstructive 
azospermia or severe oligospermia and identified 42 (5.9%) 
with microdeletions, strictly confined to the AZFc region 
[42]. They were classified into four subgroups based upon 
spermatogenic capability: severe oligospermia (16 men); 
azoospermia with sperm detected on TESE or quantitative 
histological analysis (14 men); azoospermia with no sperm 
detected on TESE or quantitative histological analysis (seven 
men); azoospermia but no TESE or quantitative histological 
analysis was performed, leaving unanswered the question of 
whether testicular sperm might be present (five men). A total 
of 48 cycles of ICSI were performed in 26 of these couples. 
The overall fertilization rate was 47%, and the overall term 
pregnancy rate was 27%. The fertilization and term preg-
nancy rates for those cycles in which ejaculated sperm served 
as the gamete source were 64 and 47%, respectively. Fertil-
ization rate and term pregnancy rate for the group who had 
used testicular sperm were 36 and 14%, respectively. Com-
paring fertilization rates from the ejaculated sperm group 
with the testicular sperm group revealed a statistically sig-
nificant difference (P < 0.0001).

Choi et al. [43] also reported their experience with 17 
men with different types of Y chromosome microdeletions. 
Consistent with previous reports, they were unable to obtain 
spermatozoa with TESE in men with complete deletion of 
AZFa or AZFb or AZFbc regions. Spermatozoa was obtained 
from men with AZFc deficiencies and one with partial AZFb 
deficiency. Patients with Y chromosome microdeletions were 
studied in two groups depending on whether TESE or ejacu-
lated spermatozoa was used. They were compared to matched 
controls. Although there was a tendency toward decreased 
fertilization and pregnancy rates, the differences were not 
statistically significant.

Overall, studies of ART outcome in patients with AZFc 
deletions suggest a tendency toward decreased fertilization 
rates, but not a significant change in overall pregnancy and 
delivery rates compared to matched controls [40–43]. Men 
with ejaculated spermatozoa seem to do significantly better 
than those who need TESE [42, 43].

39.3.4  Indications for Y Chromosome 
Microdeletion Testing in a Clinical 
Setting and the Need for 
Standardization

As summarized above, clinically relevant deletions are 
found in patients with azoospermia or a sperm concentra-
tion of less than one million spermatozoa per milliliter, and 
very rarely, in patients with sperm concentration between 1 
and 5 million spermatozoa per milliliter [28]. Although the 
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incidence of microdeletions is higher when patients are 
selected by testicular histology (e.g., Sertoli cell only 
syndrome), no absolute criteria exist for the selection of 
patients for molecular analysis. In general, Y chromosome 
testing is not indicated for patients with chromosomal 
abnormalities, obstructive azoospermia, or hypogonadotropic 
hypogonadism [28].

Patients with azoospermia or severe oligospermia who 
may be candidates for TESE combined with ICSI, should be 
offered Y chromosome testing because TESE should not 
be offered in cases of complete AZFa or AZFb or AZFbc 
deletions [28]. In addition, microdeletions of the AZFc region 
are transmitted to the male offspring if ART is performed 
[42, 44]. Therefore, information obtained from Y chromosome 
testing may be used in genetic counseling of patients con-
templating ART [28].

With the aim of offering an additional diagnostic tool for 
male infertility, many laboratories across the world started 
offering polymerase chain reaction (PCR)-based deletion 
analysis using in-house methods. This occurred in the 
absence of a consensus on methodology. The European 
Academy of Andrology (EAA) and European Molecular 
Genetics Quality Network (EMQN) supported studies 
evaluating methodology used in different laboratories. These 
studies formed the basis of the 1999 Laboratory guidelines for 
molecular diagnosis of Y-chromosomal microdeletions [45]. 
Recently, a best practice meeting was held in Florence, Italy 
in October, 2003, and its conclusions was published [28].

39.4  Epigenetic Factors

Epigenetics refers to the covalent modifications of DNA and 
core histones that regulate gene activity without altering 
DNA sequence. To date, the best-characterized DNA modifi-
cation associated with the modulation of gene activity is 
methylation of cytosine residues within CpG dinucleotides. 
CpG methylation, especially within the promoter region of 
genes, is associated with repression of transcription and 
provides a means to control gene expression. DNA methyla-
tion has been implicated in the regulation of a number of 
functions including allele-specific gene expression (also 
called genomic imprinting), X-chromosome inactivation, 
and heritable transcriptional silencing of parasitic sequence 
elements [46]. Human disorders associated with epigenetic 
abnormalities include rare imprinting diseases, molar preg-
nancies, and childhood cancers.

Germ cell development and early embryo development 
are critical times when epigenetic patterns are initiated or 
maintained. Striking modulations in methylation during 
gametogenesis and embryogenesis occur for imprinted genes 
that are expressed from only the maternal or the paternal 

genome. DNA methylation is the best-studied epigenetic 
mark that distinguishes the maternal and paternal alleles of 
imprinted genes. Most imprinted genes contain sequences 
that are differentially methylated in the gametes, and in 
most cases, the two parental alleles have different levels of 
DNA methylation. As a heritable, reversible, epigenetic mark, 
DNA methylation of imprinted genes can be stably propa-
gated after DNA replication and can maintain monoallelic 
gene expression throughout life.

39.5  DNA Methylation in Gametes  
and Embryos

Early primordial germ cells (PGCs) are believed to carry 
somatic epigenetic patterns that are erased prior to and soon 
after their entry into the future gonads. In the mouse, erasure 
of DNA methylation in PGCs occurs at about the time these 
cells enter the gonad [47, 48] and results in a transformation 
from monoallelic to biallelic expression of imprinted genes 
[48]. Following the nearly genome-wide demethylation in 
PGCs, sex- and sequence-specific methylation patterns are 
re-established in the male and female gametes [49]. Although 
there is a second phase of genomic demethylation that occurs 
in the preimplantation embryo, some sequences, notably 
imprinted genes and some repeat sequences, retain their 
methylation status acquired at gamete stage. It is postulated 
that the gamete methylation that is retained during the wave of 
preimplantation demethylation is important for subsequent 
postimplantation embryo development.

Methylation at CpG dinucleotides in mammals is catalyzed 
by DNA (cytosine-5)-methyltransferase (DNMT) enzymes. 
DNMT1 is the predominant mammalian DNMT, although 
DNMT2, DNMT3a, DNMT3b, and DNMT3L have been 
characterized. To date, DNMT1, DNMT3a, and DNMT3b 
are the only known catalytically active DNMTs [50]. The 
expression of these three enzymes in both germlines are 
tightly regulated [51]. Due to embryonic lethality of mice 
homozygous for targeted deletions in Dnmt1 [52] and 
Dnmt3b [53], determining the role of these enzymes during 
spermatogenesis will require germ cell-specific knockout or 
knockdown studies. Dnmt3a-deficient mice are underdevel-
oped, and die 3–4 weeks after birth. These mice show defects 
in spermatogenesis [53].

In the mouse and the rat, disruption of DNA methylation 
in male germ cells by chronic administration of cytosine 
analogs 5-azacytidine and 5-aza-2¢-deoxycytidine has severe 
consequences for both germ cells and progeny outcome 
[54–56]. Adverse effects include decreased sperm counts, 
decreased fertility, and increased preimplantation loss. These 
findings argue for an important role for epigenetic mecha-
nisms in the control of gamete and embryo development.
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39.5.1  Implications of Altered Gamete  
and Early Embryo DNA Methylation

39.5.1.1  Gestational Trophoblastic Disease

The inability to establish appropriate maternal epigenetic 
marks on imprinted genes in the human germline has been 
associated with hydatiform moles. One group of molar 
pregnancies, termed complete hydatiform moles, is classi-
cally described as carrying two paternal haploid genomes. 
Interestingly, recent studies report complete hydatiform 
moles arising from normal fertilization events (uniting a 
maternal and a paternal haploid genome) where the maternal 
alleles carry paternal imprints or the paternal epigenotype 
[57–59]. Hayward et al. failed to detect mutations in the 
known DNMTs that might account for the failure of methy-
lation in the female germline [60]. Their findings suggest 
that maternal imprinting during oogenesis may involve 
additional factors.

39.5.1.2  Imprinting Diseases

Animal studies suggest that epigenetic marks, especially 
DNA methylation, are unstable and can be altered by culture 
conditions [61, 62]. Assisted reproductive technologies rely 
on manipulation and culture of gametes and embryos at times 
when epigenetic programs are being acquired and modified. 
An initial study found no evidence of altered methylation at 
15q11-13, the locus linked to the pathogenesis of the imprint-
ing disorders Angelman and Prader-Willi syndromes, in 
samples from 92 children conceived using ICSI [63].

A number of studies have now reported the association 
of two imprinting disorders with assisted reproductive 
technologies; Beckwith–Wiedemann syndrome [64–67] and 
Angelman syndrome [68, 69].

Angelman syndrome has an incidence of approximately 1 
in 15,000 children, and is characterized by mental retardation, 
ataxia, epilepsy, hypotonia, and absence of speech. It results 
from a loss of function of the maternal allele or duplication of 
the paternal allele within a region of 15q11-13 that spans the 
gene UBE3A. In 5% of affected children, the syndrome is due 
to loss of methylation within the SNRPN imprinting region, 
which then assumes a hypomethylated, paternal profile. Cox 
et al. [68] reported two children and Ostavik et al. [69] 
reported a third child with Angelman syndrome who were 
conceived using ICSI. In all three cases, a loss of methylation 
on the maternal SNRPN allele was found.

Beckwith–Wiedemann syndrome is characterized by 
prenatal or postnatal overgrowth, macroglossia, abdominal 
wall defects, neonatal hypoglycemia, hemihypertrophy, ear 

abnormalities, and an increased risk of embryonal tumors. 
Analysis of Beckwith–Wiedemann syndrome registries 
from three centers has shown the proportion of individuals 
with Beckwith–Wiedemann syndrome conceived using IVF 
to be 3/65, 6/149, and 6/149 syndrome [64–66]. These 
data, when combined, suggest that 4% of individuals with 
Beckwith–Wiedemann syndrome are conceived with IVF, a 
figure greater than that expected in relation to the use of IVF 
in these centers. Further interpretation of these results has 
been limited because of a reliance by these studies on case 
records of questionnaire data to determine the method of 
conception, a lack of use of appropriate controls, and a statis-
tical significance that was either borderline [65, 66] or not 
mentioned [64]. More recently, Halliday et al. reported the 
first case–control study in an Australian population [67]. 
Among 1,316,500 live births in Victoria between 1983 and 
2003, they identified 37 cases of Beckwith–Wiedemann 
syndrome. For each Beckwith–Wiedemann syndrome case, 
they randomly selected four live-born controls. IVF was the 
method of conception in four Beckwith–Wiedemann syn-
drome cases and in one control. Their results indicated that if 
a child has Beckwith–Wiedemann syndrome, the odds that 
the child was conceived using IVF was 18 times greater than 
that for a child without Beckwith–Wiedemann syndrome. 
The calculated risk of Beckwith–Wiedemann syndrome in 
the IVF population was 1/4,000, or nine times greater than 
the general population. Although this study has shortcom-
ings including a large confidence interval, its results are 
concerning.

Beckwith–Wiedemann syndrome is linked to a loss of 
function of the maternal allele at 11p15 [70]. Two epigenetic 
DNA methylation defects have been associated with Beck-
with–Wiedemann syndrome. The most common one involves 
loss of methylation at the maternal KVDMR1/LIT1 (46% of 
cases) population [67], and the other a gain of methylation at 
H19 DMD on the maternal allele such that it assumes a paternal 
(methylated) profile (7% of cases). The rest is due to uniparental 
disomy of chromosome 11 (16%) and to an unidentified muta-
tion (31%) [67].

A total of 15 cases with Beckwith–Wiedemann syndrome 
were evaluated for methylation defects in the four studies. 
Of those, 14 showed hypomethylation of maternal KVDMR1/
LIT1. The preponderance of Beckwith–Wiedemann syn-
drome cases conceived by IVF that show hypomethylation 
of maternal KVDMR1/LIT1 suggests that collection or 
in vitro culture conditions may disturb the methylation in 
the oocyte or the embryo, predisposing the maternal allele 
to demethylation. While the spermatozoon does not seem to 
be the source of altered methylation in the case of Beckwith–
Wiedemann and Angelman syndromes, the same mechanisms 
may be effective in causing altered methylation of sperma-
tozoal genes.
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39.5.2  Imprinting in Spermatozoa of Men  
with Abnormal Semen Parameters

An initial study by Manning et al., using PCR-based 
techniques to analyze DNA extracted from spermatozoa 
of men with normal semen analysis (n = 30) and from men 
with medium (n = 30, 5–20 million spermatozoa/mL) and 
high-grade semen pathology (n = 30, <5 million spermato-
zoa/mL) undergoing ICSI, failed to detect a difference in 
methylation status [71]. More recently, Marques et al. 
studied two oppositely imprinted genes in spermatozoan 
DNA from normozoospermic and oligozoospermic patients. 
In the mesodermal-specific transcript gene (MEST), bisulfite 
genomic sequencing showed that maternal imprinting was 
correctly erased in all 123 patients. However, methylation 
of the H19 gene did not change in any of 27 normozoosper-
mic individuals (0%) compared with methylation changes 
in eight moderate (17%, p = 0.026) and 15 severe (30%, 
p = 0.002) oligozoospermic patients. Their findings suggest 
an association between abnormal genomic imprinting and 
hypospermatogenesis, and that spermatozoa from oligozoo-
spermic patients carry a raised risk of transmitting imprinting 
errors [72]. Hartmann et al. [73] also analyzed imprinting in 
disruptive spermatogenesis. They explored the methyla-
tion pattern of SNRPN (paternally expressed) and H19 gene 
in different germ cell types obtained by testicular biopsies of 
a few infertile patients. They demonstrated correct genetic 
imprints for SNRPN and H19 in spermatogonia, primary 

spermatocytes and spermatids selected from seminiferous 
tubules exhibiting spermatogenic arrest. The conflicting 
results of these two reports clearly indicate that this area is 
still lacking in clear information.

Testicular sperm extraction and intracytoplasmic sperm 
injection (TESE-ICSI) is a frequently used therapeutic option 
in azoospermic males. Manning et al. used a heminested 
methylation-specific polymerase chain reaction for the target 
region 15q11-13 to analyze imprinting at the single-cell level 
in cells from different stages of spermatogenesis. They 
analyzed spermatozoa, elongated spermatids, and round 
spermatids and found completed establishment of the correct 
paternal imprint in these three developmental stages. 
However, the high rate of amplification failure in round 
spermatids in this study is a factor of uncertainty [74].

39.6  Conclusions

The rapid acceptance and success of ICSI to treat many 
types of male infertility has seen it surpass the concurrent 
need to diagnostically scrutinize the male infertility patient. 
A general outline for diagnostic screening of males is given 
in Fig. 39.1. Although it is impossible to deny treatment, it 
seems apparent from the current evidence that some vigilance 
is still needed prior to proceeding with treatment, especially 
in males with extremely poor sperm parameters.

Fig. 39.1 A general outline of recommended diagnostic options for which males should be considered for chromosomal or genetic screening



598 D. Sakkas et al.

References

 1. Hassold T, Abruzzo M, Adkins K, Griffin D, Merrill M, Millie E 
et al (1996) Human aneuploidy: incidence, origin, and etiology. 
Environ Mol Mutagen 28(3):167–175

 2. Gianaroli L, Magli MC, Ferraretti AP, Tabanelli C, Trombetta C, 
Boudjema E (2002) The role of preimplantation diagnosis for aneu-
ploidies. Reprod Biomed Online 4(Suppl 3):31–36

 3. Hassold TJ (1998) Nondisjunction in the human male. Curr Topics 
Dev Biol 37:383–406

 4. Jacobs PA (1992) The chromosome complement of human gametes. 
Oxf Rev Reprod Biol 14:42–72

 5. Marquez C, Cohen J, Munne S (1998) Chromosome identification 
in human oocytes and polar bodies by spectraal karyotyping. 
Cytogenet Cell Genet 51:254–258

 6. Fragouli E, Wells D, Thornhill A, Serhal P, Faed MJ, Harper JC 
et al (2006) Comparative genomic hybridization analysis of human 
oocytes and polar bodies. Hum Reprod 21(9):2319–2328

 7. Kamiguchi Y, Mikamo K (1986) An improved, efficient method for 
analyzing human sperm chromosomes using zona-free hamster ova. 
Am J Hum Genet 38:724–740

 8. MacDonald M, Hassold T, Harvey J, Wang LH, Morton NE, Jacobs 
P (1994) The origin of 47,XXY and 47,XXX aneuploidy. 
Heterogenous mechanisms and the role of aberrant recombination. 
Hum Mol Genet 3:1365–1371

 9. Jacobs P, Dalton P, James R, Mosse K, Power M, Obinson D et al 
(1997) Turner syndrome: a cytogenetic and molecular study. Ann 
Hum Genet 61:471–483

 10. Hansen M, Kurinczuk JJ, Bower C, Webb S (2002) The risk of 
major birth defects after intracytoplasmic sperm injection and 
in vitro fertilization. N Engl J Med 346(10):725–730

 11. Van Steirteghem A (1998) Outcome of assisted reproductive tech-
nology. N Engl J Med 338:194–195

 12. Bonduelle M, Camus M, De Vos A, Staessen C, Tournaye H, Van 
Assche E et al (1999) Seven years of intracytoplasmic sperm injec-
tion and follow-up of 1987 subsequent children. Hum Reprod 
14(Suppl 1):243–264

 13. Kurinczuk JJ, Bower C (1997) Birth defects in infants conceived by 
intracytoplasmic sperm injection: an alternative interpretation. Br 
Med J 315:1260–1265

 14. Van Steirteghem A, Bonduelle M, Devroey P, Liebaers I (2002) 
Follow-up of children born after ICSI. Hum Reprod Update 
8:111–116

 15. Carrell DT, Emery BR, Wilcox AL, Campbell B, Erickson L, 
Hatasaka HH et al (2004) Sperm chromosome aneuploidy as related 
to male factor infertility and some ultrastructure defects. Arch 
Androl 50:181–185

 16. Carrell DT, Wilcox AL, Lowy L, Peterson CM, Jones KP, Erickson 
L et al (2003) Elevated sperm chromosome aneuploidy and apopto-
sis in patients with unexplained recurrent pregnancy loss. Obstet 
Gynecol 101:1229–1235

 17. Rubio C, Simon C, Blanco V, Vidal F, Minguez Y, Egozcue J et al 
(1999) Implications of sperm chromosome abnormalities in recur-
rent miscarriage. J Assist Reprod Genet 16:253–258

 18. Jakab A, Sakkas D, Delpiano E, Cayli S, Kovanci E, Ward D et al 
(2005) Intracytoplasmic sperm injection: a novel selection method 
for sperm with normal frequency of chromosomal aneuploidies. 
Fertil Steril 84(6):1665–1673

 19. Cozzi J, Chevret E, Rousseaux S, Pelletier R, Benitz V, Jalbert H 
et al (1994) Achievement of meiosis in XXY germ cells: study of 
543 sperm karyotypes from an XY/XXY mosaic patient. Hum 
Genet 93(1):32–34

 20. Chevret E, Rousseaux S, Monteil M, Usson Y, Cozzi J, Pelletier R 
et al (1996) Increased incidence of hyperhaploid 24, XY spermato-
zoa detected by three-colour FISH in a 46, XY/47, XXY male. Hum 
Genet 97(2):171–175

 21. Vergnaud G, Page DC, Simmler MC, Brown L, Rouyer F, Noel B 
et al (1986) A deletion map of the human Y chromosome based on 
DNA hybridization. Am J Hum Genet 38:109–124

 22. Vollrath D, Foote S, Hilton A, Brown LG, Beer-Romero P, Bogan 
JS et al (1992) The human Y chromosome: a 43-interval map based 
on naturally occuring deletions. Science 258:52–59

 23. Tiepolo L, Zuffardi O (1976) Localization of factors controlling 
spermatogenesis in the nonfluorescent portion of the human Y chro-
mosome long arm. Hum Genet 34:119–124

 24. Vogt P, Chandley AC, Hargreave TB, Keil R, Ma K, Sharkey A 
(1992) Microdeletions in interval 6 of the Y chromosome of males 
with idiopathic sterility point to disruption of AZF, a human sper-
matogenesis gene. Hum Genet 89:491–496

 25. Vogt P, Edelman A, Kirsch S, Henegariu O, Hirschmann P, 
Kiesewetter F et al (1996) Human Y chromosome azoospermia fac-
tors (AZF) mapped to different subregions in Yq11. Hum Mol 
Genet 5:933–943

 26. Kent-First M, Muallem A, Shultz J, Pryor J, Roberts K, Nolten W 
et al (1999) Defining regions of the Y-chromosome responsible for 
male infertility and identification of a fourth AZF region (AZF-d) by 
Y chromosome microdeletion detection. Mol Reprod Dev 53:27–41

 27. Reijo R, Alagappan RK, Patrizio P, Page DC (1996) Severe oligo-
zoospermia resulting from deletions of azoospermia factor gene on 
Y chromosome. Lancet 347:1290–1293

 28. Simoni M, Bakker E, Krausz C (2004) EAA/EMQN best practice 
guidelines for molecular diagnosis of y-chromosomal microdele-
tions. State of the art 2004. Int J Androl 27:240–249

 29. Krausz C, Forti G, McElreavey K (2003) The Y chromosome and 
male fertility and infertility. Int J Androl 26(2):70–75

 30. Krausz C, Quintana-Murci L, McElreavey K (2000) Prognostic 
value of Y deletion analysis: what is the clinical prognostic value 
of Y chromosome microdeletion analysis? Hum Reprod 15(7): 
1431–1434

 31. Kent-First M (2000) The Y chromosome and its role in testis dif-
ferentiation and spermatogenesis. Semin Reprod Med 18:67–80

 32. Warchol JB, Jankowska A, Stecewicz D, Ciesielski M, Wasko R 
(2000) Analysis of the seminiferous tubules of patients with dele-
tion of DAZ gene. Arch Perinatal Med 6:10–16

 33. Colegero AE, Garofalo MR, Barone N, Palma AD, Vicari E, Romeo 
R et al (2001) Spontaneous regression over time of the germinal 
epithelium in a Y chromosome-microdeleted patient: case report. 
Hum Reprod 16:1845–1848

 34. Pryor JL, Kent-First M, Muallem A, Van Bergen AH, Nolten WE, 
Meisner L et al (1997) Microdeletions in the Y chromosome of 
infertile men. N Engl J Med 336:534–539

 35. Chang PL, Sauer MV, Brown S (1999) Y chromosome microdele-
tion in a father and his four infertile sons. Hum Reprod 14: 
2689–2694

 36. Saut N, Terriou P, Navarro A, Levy N, Mitchell MJ (2000) The 
human Y chromosome genes BPY2, CDY1, and DAZ are not essen-
tial for sustained fertility. Mol Hum Reprod 6:789–793

 37. Krausz C, McElreavey K (2001) Y chromosome microdeletions in 
‘fertile’ males. Hum Reprod 16(6):1306–1307

 38. van der Ven K, Montag M, Peschka B, Leygraaf J, Schwanitz G, 
Haidl G et al (1997) Combined cytogenetic and Y chromosome 
microdeletion screening in males undergoing intracytoplasmic 
sperm injection. Mol Hum Reprod 3:699–704

 39. Foresta C, Ferlin A, Garolla A, Moro E, Pistorello M, Barbaux S 
et al (1998) High frequency of well-defined Y chromosome 
deletions in idiopathic Sertoli cell only syndrome. Hum Reprod 
13:302–307

 40. Mulhall JP, Reijo R, Alagappan R, Brown L, Page D, Carson R et al 
(1997) Azoospermic men with deletion of the DAZ gene cluster are 
capable of completing spermatogenesis: fertilization, normal 
embryonic development and pregnancy occur when retrieved 
testicular spermatozoa are used for intracytoplasmic sperm 
injection. Hum Reprod 12(3):503–508



59939 The Genetic and Epigenetic Contributions of Sperm to Early Embryogenesis

 41. van Golde RJ, Wetzels AM, de Graaf R, Tuerlings JH, Braat DD, 
Kremer JA (2001) Decreased fertilization rate and embryo quality 
after ICSI in oligozoospermic men with microdeletions in the 
azoospermia factor c region of the Y chromosome. Hum Reprod 
16(2):289–292

 42. Oates RD, Silber S, Brown LG, Page DC (2002) Clinical character-
ization of 42 oligospermic or azoospermic men with microdeletion 
of the AZFc region of the Y chromosome, and of 18 children 
conceived via ICSI. Hum Reprod 17(11):2813–2824

 43. Choi JM, Chung P, Veeck L, Mielnik A, Palermo GD, Schlegel PN 
(2004) AZF microdeletions of the Y chromosome and in vitro 
fertilization outcome. Fertil Steril 81(2):337–341

 44. Page DC, Silber S, Brown LG (1999) Men with infertility caused by 
AZFc deletion can produce sons by intracytoplasmic sperm injec-
tion, but are likely to transmit the deletion and infertility. Hum 
Reprod 14:1722–1726

 45. Simoni M, Bakker E, Eurlings MC, Matthijs G, Moro E, Muller CR 
et al (1999) Laboratory guidelines for molecular diagnosis of 
Y-chromosomal microdeletions. Int J Androl 22(5):292–299

 46. Bestor TH (2000) The DNA methyltransferases of mammals. Hum 
Mol Genet 9:2395–2402

 47. Szabo PE, Mann JR (1995) Biallelic expression of imprinted genes 
in the mouse germ line: implications for erasure, establishment, and 
mechanisms of genomic imprinting. Genes Dev 9:1857–1868

 48. Szabo PE, Hubner K, Scholer H, Mann JR (2002) Allele-specific 
expression of imprinted genes in mouse migratory primordial germ 
cells. Mech Dev 115:157–160

 49. Reik W, Dean W, Walter J (2001) Epigenetic reprogramming in 
mammalian development. Science 293(5532):1089–1093

 50. Kelly TLJ, Trasler JM (2004) Reproductive epigenetics. Clin Genet 
65:247–260

 51. La Salle S, Mertineit C, Taketo T, Moens PB, Bestor TH, Trasler 
JM (2004) Windows for sex-specific methylation marked by DNA 
methyltransferase expression profiles in mouse germ cells. Dev 
Biol 268(2):403–415

 52. Li E, Bestor TH, Jaenisch R (1992) Targeted mutation of the DNA 
methyltransferase gene results in embryonic lethality. Cell 69:915–926

 53. Okano M, Bell DW, Haber DA, Li E (1999) DNA methyltrans-
ferases Dnmt3a and Dnmt3b are essential for de novo methylation 
and mammalian development. Cell 99:247–257

 54. Doerksen T, Trasler JM (1996) Developmental exposure of male 
germ cells to 5-azacytidine results in abnormal preimplantation 
development in rats. Biol Reprod 55:1155–1162

 55. Doerksen T, Benoit G, Trasler JM (2000) Deoxyribonucleic acidhy-
pomethylation of male germ cells by mitotic and meiotic exposure 
to 5-azacytidine is associated with altered testicular histology. 
Endocrinology 141:3235–3244

 56. Kelly TL, Li E, Trasler JM (2003) 5-aza-2¢-deoxycytidine induces 
alterations in murine spermatogenesis and pregnancy outcome. 
J Androl 24:822–830

 57. Helwani MN, Seoud M, Zahed L, Zaatari G, Khalil A, Slim RA 
(1999) A familial case of recurrent hydatiform molar pregnancies 
with biparental genomic contribution. Hum Genet 105:112–115

 58. Moglabey YB, Kircheisen R, Seoud M, El Mogharbel N, Van De 
Veyver I, Slim R (1999) Genetic mapping of a maternal locus respon-
sible for familial hydatiform moles. Hum Mol Genet 8:667–671

 59. Fisher RA, Khatoon R, Paradinas FJ, Roberts AP, Newlands AS 
(2000) Repetitive complete hydatiform mole can be biparental in 
origin and either male or female. Hum Reprod 15:594–598

 60. Hayward BE, De Vos M, Judson H, Hodge D, Huntriss J, Picton 
HM et al (2003) Lack of involvement of known DNA methyltrans-
ferases in familial hydatidiform mole implies the involvement of 
other factors in establishment of imprinting in the human female 
germline. BMC Genet 4:2

 61. Doherty A, Mann M, Tremblay K, Bartolomei M, Schultz R (2000) 
Differential effects of culture on imprinted H19 expression in the 
preimplantation mouse embryo. Biol Reprod 62(6):1526–1535

 62. Young L, Fernandes K, McEvoy T, Butterwith S, Gutierrez C, 
Carolan C et al (2001) Epigenetic change in IGF2R is associated 
with fetal overgrowth after sheep embryo culture. Nat Genet 27: 
153–154

 63. Manning M, Lissens W, Bonduelle M, Camus M, De Rijcke M, 
Liebaers I et al (2000) Study of DNA-methylation patterns at 
chromosome 15q11–q13 in children born after ICSI reveals no 
imprinting defects. Mol Hum Reprod 6(11):1049–1053

 64. DeBaun MR, Niemitz EL, Feinberg AP (2003) Association of 
in vitro fertilization with Beckwith-Wiedemann syndrome and 
epigenetic alterations of LIT1 and H19. Am J Hum Genet 72(1): 
156–160

 65. Gicquel C, Gaston V, Mandelbaum J, Siffroi JP, Flahault A, Le 
Bouc Y (2003) In vitro fertilization may increase the risk of 
Beckwith-Wiedemann syndrome related to the abnormal imprint-
ing of the KCN1OT gene. Am J Hum Genet 72(5):1338–1341

 66. Maher ER, Brueton LA, Bowdin SC, Luharia A, Cooper W, Cole 
TR et al (2003) Beckwith-Wiedemann syndrome and assisted 
reproduction technology (ART). J Med Genet 40(1):62–64

 67. Halliday J, Oke K, Breheny S, Algar E, Amor DJ (2004) Beckwith-
Wiedemann syndrome and IVF: a case-control study. Am J Hum 
Genet 75(3):526–528

 68. Cox GF, Burger J, Lip V, Mau UA, Sperling K, Wu BL et al (2002) 
Intracytoplasmic sperm injection may increase the risk of imprint-
ing defects. Am J Hum Genet 71(1):162–164

 69. Orstavik KH, Eiklid K, van der Hagen CB, Spetalen S, Kierulf K, 
Skjeldal O et al (2003) Another case of imprinting defect in a girl 
with Angelman syndrome who was conceived by intracytoplasmic 
semen injection. Am J Hum Genet 72(1):218–219

 70. Weksberg R, Smith AC, Squire J, Sadowski P (2003) Beckwith-
Wiedemann syndrome demonstrates a role for epigenetic control 
of normal development. [Review] [98 refs]. Hum Mol Genet 12(1): 
61–68

 71. Manning M, Lissens W, Liebaers I, Van Steirteghem A, Weidner W 
(2001) Imprinting analysis in spermatozoa prepared for intracyto-
plasmic sperm injection (ICSI). Int J Androl 24(2):87–94

 72. Marques CJ, Carvalho F, Sousa M, Barros A (2004) Genomic 
imprinting in disruptive spermatogenesis. Lancet 363(9422): 
1700–1702

 73. Hartmann S, Bergmann M, Bohle RM, Weidner W, Steger K (2006) 
Genetic imprinting during impaired spermatogenesis. Mol Hum 
Reprod 12(6):407–411

 74. Manning M, Lissens W, Weidner W, Liebaers I (2001) DNA methy-
lation analysis in immature testicular sperm cells at different 
developmental stages. Urol Int 67(2):151–155



601

Abstract Embryo micromanipulation methods, including 
intracytoplasmic sperm injection and assisted hatching, 
have become powerful tools in infertility treatment. These 
techniques have enabled the treatment of couples who 
would not otherwise be able to conceive using conventional 
IVF and have greatly improved the probability of success 
in many cases. While micromanipulation methods have 
revolutionized infertility treatment and a great deal of prog-
ress has been made since the inception of these techniques, 
continued research will further advance the technology and 
help clinicians in determining the best indications for the 
application of these techniques. This chapter discusses the 
current state of the technology as well as future directions 
for continued research.

Keywords IVF • Human oocytes • Micromanipulation  
• Human embryos • ICSI • Assisted hatching

40.1  Introduction

The use of micromanipulation to improve fertilization out-
comes and implantation potential is an adaptation of tech-
niques commonly used to improve the genetic quality of 
economically important animals in the field of animal hus-
bandry. Early applications of micromanipulation in domesti-
cated species were usually confined to increasing the number 
of embryos available for embryo transfer in genetically valu-
able animals. Specifically, embryos obtained at later stage by 
uterine lavage were either split in two or used for nuclear 
transplantation [1, 2].

The adaptation of these techniques to clinical human 
embryology was undertaken to attempt to improve fertilization 

outcomes in cases with suboptimal semen parameters. The first 
human pregnancy resulting from microsurgical fertilization 
was reported by Malter and Cohen in 1989 [3]. The method-
ology described by these investigators was called “partial 
zona dissection” (PZD) and was a means of introducing a 
small gap in the zona pellucida (ZP) with a fine needle 
through the perivitelline space of oocytes shortly after 
retrieval. This small gap allowed motile spermatozoa to 
freely circumvent the barrier of the zona. This technique 
worked best in cases where sperm numbers were so low that 
fertilization by conventional means would have been highly 
unlikely. The second microsurgical method applied to male 
factor cases is called subzonal sperm injection (SUZI, or 
SZI). The technique is performed by aspirating several 
sperm into a sharp, beveled microneedle. The loaded needle 
is then placed into the perivitelline space of an oocyte and 
the sperm are deposited in this space [4]. Partial zona dis-
section and SUZI were the first microsurgical techniques, 
whereby patients with poor semen parameters could become 
biological parents with the use of in vitro fertilization (IVF). 
It provided a viable alternative to the use of donor sperm. 
However, the successful application of these techniques was 
technically challenging with consistent results requiring 
great care and skill. Nonetheless, these techniques were 
landmark because they successfully introduced the concept 
of gamete micromanipulation in a clinical human embryology 
setting.

The common aspect between PZD and SZI is that 
there was no direct contact of the microneedle with the 
oolemma of the oocyte. Early experiments involving direct 
injection of the spermatozoa in the oocyte cytoplasm 
demonstrated that sperm nuclear decondensation can 
occur without the requirement of sperm and egg membrane 
fusion [5]. This process of direct spermatozoal injection, 
referred to as intracytoplasmic sperm injection (ICSI) was 
utilized in the successful production of live rabbits in 1987 
[6]. In 1992, Palermo et al. [7] reported the first human 
pregnancies and healthy births following ICSI. Since this 
time, the use of ICSI has replaced various methods of micro-
surgical fertilization. To review the ICSI technique, a 
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microneedle containing an immobilized sperm is used to 
deliver the sperm deep within the ooplasm following con-
trolled breakage of the oolemma (Fig. 40.1). Today, ICSI 
offers fertilization rates that equal or surpass rates obtained 
using conventional insemination techniques with sperm 
possessing normal parameters.

Following IVF, the culture of human embryos can often 
result in less than ideal morphological attributes. Specifically, 
embryos can develop at inconsistent rates and often contain 
blastomeres of unequal size and orientation as well as poor 
cell-to-cell adhesion (compaction) in relation to other blasto-
meres. In addition, blastomeres can begin to undergo frag-
mentation or extrude cellular material, which can result in 
the presence of fragments within the embryo. It is possible 
that these fragments can interfere with the subsequent devel-
opment of the embryo prior to hatching. Other dimorphic 
features noted in developing embryos include vacuoles, 
grainy and/or loose cytoplasm and contracted cytoplasm. 
These morphological aspects and others have been noted in 
many embryos despite the improvements made to culture 

media formulations. In some cases, these deficiencies result 
in failure of the embryo to properly hatch from the zona and 
subsequently implant.

Assisted embryo hatching (AH) is another micromanipula-
tion technique utilized in human embryology in an effort to 
improve implantation rates following IVF. The technique 
involves thinning or breeching the zona pellucida to facilitate 
embryonic hatching (Fig. 40.2). It was fist demonstrated to 
improve implantation rates in 1990 by Cohen et al. and has 
since become a common micromanipulation technique in 
human IVF [8].

40.2  Intracytoplasmic Sperm Injection

Intracytoplasmic sperm injection is an alternative to standard 
microdrop insemination that allows the production of viable 
embryos even in cases of severe male factor infertility. The 
procedure involves the direct injection of a single spermato-

Fig. 40.1 The basic ICSI procedure using a beveled pipette. (a) Polar 
body is positioned at 6 or 12 o’clock. (b) Following penetration of the 
zona, the oolemma is distended and gently aspirated to facilitate 

controlled breakage of the membrane. (c) Following oolemma 
penetration the spermatozoa (visible near the end of the pipette) is 
deposited deep within the ooplasm

Fig. 40.2 Embryos following AH. Embryos hatched using (a) acid 
Tyrode’s and (b) laser (laser photo courtesy of Dr. Denny Sakkas, Yale 
University). Hatching is generally performed in an area of the embryo adja-

cent to an area of empty perivitelline space or extracellular fragments. A 
widened region of perivitelline space corresponding to the junction between 
blastomeres. Note the differences in the holes created by the two methods
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zoon into a mature oocyte (Fig. 40.1). Intracyto plasmic sperm 
injection is generally indicated in cases of low sperm 
motility, abnormal morphology, low sperm count, and 
repeated fertilization failure after conventional IVF. The 
criteria for utilizing ICSI over microdrop insemination vary 
from lab to lab. Since the first successful ICSI pregnancies in 
human ART in 1992, ICSI has become commonplace in 
human infertility centers. In 2005, ICSI was used in approxi-
mately 62% of all IVF cases in SART reporting labs in the 
United States, and some labs use ICSI exclusively in all IVF 
cases [9]. Similarly, statistics from European labs reporting to 
ESHRE for 2004 indicated 59% of all IVF cases used ICSI 
[10]. While ICSI associated with non-male factor infertility 
generally results in pregnancy rates equivalent to conven-
tional IVF, no data supports the exclusive use of ICSI in all 
IVF cycles, and the overuse of ICSI raises concerns about 
potential consequences of unnecessary interventions.

40.3  ICSI Methods

The basic techniques for ICSI are quite straightforward. In 
general, cumulus cells are removed from mature oocytes by 
pipetting in an enzymatic solution often containing hyaluroni-
dase. Following cumulus cell removal, oocytes are secured 
by aspiration with a small internal diameter, polished pipette 
with the polar body in either the 6 o’clock or 12 o’clock posi-
tion and the sperm injection occurring at the 3 o’clock or 9 
o’clock position; depending on the orientation of the holding 
pipette. With the oocyte held in place, an immobilized mature 
spermatocyte is subsequently injected into the oocyte cyto-
plasm. Variations of the ICSI procedure include incomplete 
removal of cumulus cells, the utilization of different tools for 
sperm injection, artificial activation of ICSI embryos, deviation 
in polar body location during the sperm injection process, 
variations in sperm cell selection methods, and the injection 
of various stages of sperm cells.

40.3.1  Cumulus Cells and ICSI

While the exact role of cumulus cells in oocyte growth and 
maturation and early embryo development have not been 
fully elucidated [11], it has been demonstrated that coculture 
with cumulus cells results in improved embryonic develop-
ment [12, 13]. Recently, a prospective study by Ebner et al. 
demonstrated that the incomplete removal of cumulus cells 
prior to ICSI results in improved preimplantation development 
in some cases [14]. To date, data regarding the importance of 
cumulus cells on embryo development following ICSI is 
limited, but it appears that they may aid in ICSI embryo 

development as they do following conventional IVF. It may 
be possible that the cumulus cells might be altering the media 
composition by either adding factor(s) or removing compounds 
from the media.

40.3.2  ICSI Tools

While the basic methodology for ICSI is essentially the same 
among embryology labs, there are several choices for injection 
tools. A beveled glass pipette is most commonly used for 
sperm injection, however other options include laser assisted 
ICSI, the piezo-driven pipette as well and a recently devel-
oped rotationally oscillating drill (Ros-Drill). The piezo-
driven pipette relies on the rapid expansion of a piezoelectric 
material when acted upon by an electrical pulse. Rapid lon-
gitudinal oscillation of the piezo-driven pipette facilitates 
zona penetration and reduces oocyte deformation [15]. 
Piezo-assisted ICSI has been shown to result in improved 
fertilization and cleavage rates when compared with the 
standard injection system [15], but data is limited. Laser-
assisted ICSI, which employs a laser beam to penetrate the 
zona prior to sperm injection, has also been successfully 
utilized on a limited basis [16, 17]. The use of this technique 
has been primarily limited to oocytes with very thin or 
fragile zona pellucidae. The Ros-Drill creates rotational 
oscillations to facilitate penetration of the zona and oolemma 
[18]. Relatively good fertilization rates have been reported 
using this technology in mice [18], but there are no data 
reporting its efficacy in human ICSI.

40.3.3  Artificial Activation Following ICSI

While ICSI generally results in higher fertilization rates than 
conventional IVF, complete fertilization failure following ICSI 
occurs in approximately 1–3% of cases [19–21]. In many 
cases, complete fertilization failure following ICSI is the result 
of failed oocyte activation [22, 23]. Activational failure fol-
lowing ICSI is commonly associated with globozoospermia 
because of the absence of an acrosome [24]. Failure of the 
sperm to activate the oocyte following ICSI can be overcome 
by a variety of artificial oocyte activation methods.

Typical oocyte activation following fertilization by 
conventional IVF or ICSI is characterized by a series of 
repetitive calcium release and resequestration events [25]. 
These calcium transients are required for cell cycle resump-
tion and subsequent development of the early embryo [26]. 
In the absence of calcium transients, activation and normal 
fertilization fail to occur.
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Several methods have been employed to overcome 
activation failure by artificially inducing calcium transients 
within the embryo. Oocyte activation by applying an electrical 
stimulus to the embryo creates transient pores in the oolemma 
through which extracellular calcium can pass creating an 
artificial rise in intracellular calcium concentration. This 
method has been shown to be effective in overcoming failed 
activation following ICSI as demonstrated by the pregnancy 
and birth of healthy twins following the procedure [27].

Other methods for artificial oocyte activation used 
successfully in human IVF include treatment with calcium 
ionophore [24, 28, 29], or strontium chloride [30, 31], and a 
modified ICSI procedure [32, 33] involving repeated ooplasm 
aspiration and expulsion during the ICSI procedure. Each of 
these methods has resulted in the birth of healthy babies fol-
lowing fertilization failure in a previous ICSI cycle. A follow-up 
on the physical and mental development of five babies born 
following strontium chloride activation at 1 year of age indi-
cated these babies were developing normally [31].

To date, no large-scale studies have been undertaken 
to assess the utility and safety of artificial oocyte activation 
following ICSI. The information available from a handful of 
case reports and smaller studies so far indicates that artificial 
activation is both a safe and effective intervention in some 
cases of failed fertilization.

40.3.4  Sperm Selection

Sperm morphology has long been known to be an important 
predictor of successful fertilization following conventional 
IVF; however, early reports indicated that sperm morphol-
ogy was not an important predictor of ICSI success [34, 35]. 
It has, in fact, been demonstrated that ICSI with morphologi-
cally abnormal and immotile sperm can result in a successful 
outcome [36]. Recently, a growing body of information indi-
cates sperm morphology is an important consideration in 
ICSI cases [37, 38].

Sperm selection for conventional ICSI generally occurs at 
400× magnification. Ideally, morphologically normal, motile 
sperm are utilized. If no motile sperm are available, viable 
sperm can be selected utilizing the hyper-osmotic swelling 
test (HOS) or pentoxifylline treatment.

While gross morphologically abnormal sperm can be 
avoided using 400× magnification, fine structural anomalies 
may be missed using this technique. Some groups have 
recently shown improved fertilization and ICSI pregnancy 
rates by selecting sperm based on normal morphology evalu-
ated using digitally enhanced high magnification [39, 40]. 
A recently developed technique known as motile sperm 
organellar morphology examination (MSOME) utilizes 
Nomarski optics coupled with a high power (100×) objective 

and a CCD camera to produce a digital image at over 6,000× 
magnification for fine morphological analysis of sperm.

Evaluation of six sub cellular sperm organelles (acrosome, 
postacrosomal lamina, neck, mitochondria tail, and nucleus) 
in sperm populations in early retrospective studies utilizing 
MSOME found an association between sperm morphology 
and fertilization rates but not pregnancy rates [38]. The study 
did reveal a positive association between nuclear morphology 
and pregnancy rate following ICSI [38].

These findings have recently given rise to a technique 
known as intracytoplasmic morphologically selected sperm 
injection (IMSI), involving the use of MSOME for the selec-
tion of morphologically normal sperm for ICSI. An early 
prospective IMSI study compared pregnancy rates following 
conventional ICSI and IMSI in couples with at least two 
previous failed ICSI cycles and found that sperm selection 
based on nuclear morphology resulted in significantly higher 
pregnancy rates when compared with conventional ICSI 
(66.0% versus 30.0%) [41].

A more recent study by the same group compared out-
comes of two IMSI groups: one consisting of patients for 
whom no morphologically normal nuclei were found and the 
other of patients for whom sperm with morphologically 
normal nuclei were utilized for ICSI. The results were sig-
nificantly higher implantation and pregnancy rates (25.0% 
and 52.6% versus 12.9% and 18.4%) and significantly lower 
miscarriage rates (10.0% versus 57.1%) in the normal nuclei 
group when compared with the abnormal nuclei group [42].

A recent randomized prospective study by a different group 
obtained similar results using IMSI [40]. In this study, 446 
couples were treated either with ICSI or IMSI. In agreement 
with previous studies, higher clinical pregnancy rates were 
achieved using the IMSI protocol compared with conventional 
ICSI (39.2% versus 26.5%) [40]. The authors further con-
cluded that the group that benefited most from IMSI in terms 
of increased pregnancy rates and decreased miscarriage rates 
was the group of patients with two or more previous failed IVF 
attempts. In this subgroup, pregnancy rates were 29.8% fol-
lowing IMSI when compared with 12.9% following ICSI, and 
miscarriage rates were 17.4% and 37.5% respectively [40].

While the technology is relatively new, and the data are 
limited, early indications based on a few studies indicate 
IMSI may be a useful sperm selection technique particularly 
for specific groups of patients such as those with few mor-
phologically normal sperm or previous failed IVF cycles.

40.3.5  ICSI with Nonejaculated Sperm

Standard ICSI involves the injection of mature spermato-
cytes to overcome low sperm concentration or motility; how-
ever, ICSI is also a viable treatment option for some cases in 
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which no ejaculated sperm can be found. In addition to 
ejaculated spermatozoa, epididymal and testicular spermatozoa 
have also been used for ICSI with pregnancy rates comparable 
to rates following ICSI with ejaculated sperm [43–46].

Early work evaluating postfertilization dynamics fol-
lowing ICSI with ejaculated versus testicular spermatozoa 
reported no difference in the timing of pronuclear formation 
between the two groups despite the differing levels of matu-
rity and nuclear compaction between ejaculated and testicular 
sperm [47].

Fertilization, blastocyst development, and pregnancy rates 
were evaluated following ICSI using ejaculated spermatozoa, 
epididymal and testicular spermatozoa from obstructive azoo-
spermic patients, and testicular spermatozoa from nonobstruc-
tive azoospermic patients [48]. In this study, fertilization and 
blastocyst formation rates as well as the incidence of expanded 
and hatching blastocysts were lower in nonobstructive azoo-
spermic patients. In addition, implantation rates were higher in 
embryos derived from ejaculated sperm; however, clinical 
pregnancy rates were not different between groups [48].

A recent study evaluated pregnancy and miscarriage rates 
following ICSI with ejaculated sperm from oligozoospermic 
and normospermic men (n = 421) compared with sperm 
obtained by percutaneous epididymal aspiration (PESA; 
n = 69) and testicular sperm extraction (TESE; n = 47). This 
group reported no significant differences in pregnancy or 
miscarriage rates between the three groups [43].

Recently, Kanto et al. compared fertilization and preg-
nancy rates following ICSI using sperm obtained by TESE 
from obstructive azoospermic (OA) versus nonobstructive 
azoospermic (NOA) men. In contrast to the study by Balaban 
et al. cited previously [48], this group found no significant 
differences in fertilization rates between groups, but there 
was agreement between the two studies that pregnancy rates 
were not dependent upon the type of azoospermia [44].

Sperm can be recovered by TESE in about 60% or more of 
nonobstructive azoospermia cases, making ICSI an invalu-
able tool for such treatment [49]. In cases in which no sperm 
are recoverable by TESE, the use of haploid round spermatids 
for ICSI (round spermatid injection [ROSI] or round spermatid 
nuclear injection [ROSNI]) has been suggested as a potential 
option for fertility treatment. The idea was originally pro-
posed and tested by Ogura et al. by injecting round spermatid 
nuclei into hamster oocytes [50]. These experiments demon-
strated the capacity of spermatid nuclei to form pronuclei and 
undergo DNA synthesis. This work was closely followed by 
another report by the same group, in which homologous elec-
tro-fusion of mouse and hamster round spermatids with 
mature oocytes was utilized to introduce spermatid nuclei 
into oocytes [51]. In these early experiments, it was observed 
that a limited number of oocytes were activated, and some 
developed to the 2-cell stage, however the male pronuclei 
remained small in most cases [51]. After 1 year the group 

reported the birth of mice derived from round spermatid 
nuclei by the same process although only about 1.7% of 2-cell 
embryos transferred developed to term [52].

The successes demonstrated in mice inspired attempts at 
ROSNI in humans. The safety and effectiveness of ROSNI 
has been a topic of considerable debate over the past few 
years. While ROSNI has been demonstrated to be successful 
in a few cases [53, 54], fertilization and pregnancy rates are 
extremely low, and a number of concerns have been raised 
about the safety of ROSNI.

In one study of 143 oocytes from 14 couples injected with 
round spermatids, only 36% of oocytes were fertilized suc-
cessfully, and 7.7% developed beyond the 1-cell stage [55]. 
Furthermore, no pregnancies were established from the trans-
fer of 11 embryos, and the authors found chromosomal abnor-
malities in seven of 23 arrested oocytes analyzed by FISH 
with probes for chromosomes 13, 18, 21, X and Y [55].

In another relatively large study involving 58 couples and 
over 1,000 oocytes injected by ROSI, only 202 (19.7%) 
developed 2PN embryos, 126 (12.3%) developed 1 PN 
embryos, and a total of 16 embryos developed to blastocyst 
[56]. Twelve embryos were transferred and no pregnancies 
resulted [56]. Likewise, Yamanaka et al. transferred 24 
embryos derived from round spermatids to nine women and 
failed to achieve pregnancies [57].

In addition to the exceedingly low efficiency of ROSNI, 
several safety concerns have been raised regarding the prac-
tice. Round spermatids are the earliest haploid stage sper-
matogenic cells and as such are epigenetically very different 
from mature spermatozoa. At the round spermatid stage, 
DNA is packaged with histones and remains transcription-
ally active. In later stages, beginning with the elongating 
spermatid stage, transcription is markedly suppressed, and 
histones are replaced by transition proteins which are subse-
quently replaced by protamines to achieve a highly com-
pacted and transcriptionally inactive chromatin state [58].

Two groups have demonstrated in the mouse that gene 
expression in early ROSI embryos is altered when compared 
with controls raising additional concerns about the safety of 
the procedure [59, 60].

Elongating spermatid injection (ELSI) has been proposed 
as an alternative to ROSNI, and this method results in some-
what improved fertilization and pregnancy rates when com-
pared with ROSNI [54, 61, 62], however similar questions 
regarding safety of this procedure have been raised. Zech 
et al. reported that of four pregnancies achieved by ELSI, 
two resulted in major congenital malformations [63]. While 
in this case causality was not demonstrated directly, the 
report does illustrate a potential concern.

Given the extremely low efficiencies of ELSI and ROSNI 
as well as the questions regarding the safety of these proce-
dures, the injection of round and elongating spermatids in 
ICSI programs is not currently a clinically viable option.
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40.4  Indications for the Use of ICSI

A major area of research regarding ICSI involves designating 
the proper conditions under which its use is indicated. The use 
of ICSI has risen dramatically in the past few years. Initially 
the use of ICSI was indicated exclusively for male factor infer-
tility in cases where insufficient progressively motile sperm 
were available to ensure a reasonable fertilization rate follow-
ing conventional IVF. Today, the criteria for utilizing ICSI 
vary widely from lab to lab. Some labs utilize ICSI exclusively, 
regardless of the source of infertility, because of the relatively 
high fertilization rates achieved using ICSI and the low inci-
dence of fertilization failure, while other labs use a more con-
servative approach and apply ICSI only in cases of male factor 
infertility or previous failed cycles.

Advocates in favor of the exclusive use of ICSI argue that 
overall, higher fertilization rates are achieved by ICSI than 
standard IVF, and ICSI offspring are consistently healthy 
and normal. Conversely, those who advocate the use of ICSI 
only when conditions warrant it argue that while ICSI is 
necessary in some cases, ICSI eliminates the competitive 
selection process of sperm that occurs during natural fertil-
ization and conventional IVF, potentially giving rise unnec-
essarily to problems in ICSI offspring. In addition, ICSI can 
affect the developmental rate of embryos.

Intracytoplasmic sperm injection is indicated in cases of 
obstructive or non-obstructive azoospermia in which imma-
ture testicular or epididymal spermatozoa are utilized as 
well as other cases of male factor infertility such as low 
motility, abnormal morphology, and low sperm concentra-
tion [64]. Cases in which previous IVF attempts have 
resulted in fertilization failure are generally treated with 
ICSI as well as cases where sperm concentration is less than 
5 × 106/ml in the original sample [65]. A progressively motile 
sperm concentration of <500,000/ml with <4% normal 
strict morphology is also generally treated by ICSI [65], 
while increased oocyte immaturity at retrieval seems to be a 
contraindication for ICSI [66]. Other cases such as postcan-
cer treatment [67] or a limited number of oocytes [64] also 
often warrant the use of ICSI.

Sperm function assays (reviewed in chapter by Alukal 
and Lamb) may be used to help select patients in need of 
ICSI therapy. One diagnostic tool that has been demonstrated 
to be effective in assessing the need for ICSI is the sperm 
penetration assay (SPA) [68]. The assay measures the ability 
of capacitated sperm to penetrate zona-free hamster eggs 
in vitro. A prospective study was designed to evaluate the 
utility of various semen parameters in predicting fertilization 
rates following conventional IVF [68]. In the study, Freeman 
et al. found the SPA to be a more sensitive assay for the pre-
diction of IVF fertilization rates than standard semen analysis 
parameters including concentration and motility [68]. While 
very low sperm concentrations and progressive motility 

scores were somewhat predictive of fertilization ability, SPA 
scores and fertilization rates for previous cycles were by far 
the most predictive parameters of those assessed [68].

The lack of universal standards or general criteria for the use 
of ICSI as well as the broad spectrum of criteria used by vari-
ous IVF labs for deciding whether or not to use ICSI for a par-
ticular case strongly illustrates the need for further research.

40.5  ICSI Efficiency

A major impetus for the dramatic and continuing increase in 
the utilization of ICSI in fertility treatment is the high fertil-
ization rate generally achieved by ICSI. Total fertilization 
failure rarely occurs with ICSI but is often unpredictable with 
conventional IVF. In addition to consistently high fertilization 
rates, embryo development and pregnancy rates are generally 
comparable following IVF and ICSI. A number of reports 
have demonstrated fertilization rates equal to or higher fol-
lowing ICSI when compared with conventional IVF [64, 69, 
70]. Reports of differences in embryo development rates and 
embryo quality following IVF versus ICSI are conflicting.

A recent study evaluating embryonic development in sib-
ling oocytes produced by IVF and ICSI found no differences 
in cleavage rates or embryo quality between the two groups 
when considering cases with a previous IVF fertilization rate 
of <40% [70]. However, this study did find ICSI resulted in 
improved embryo quality in cases of moderate male factor 
infertility [70]. In another sibling oocyte study in patients 
with borderline semen, embryo quality was better in ICSI 
embryos, however no differences were observed in pregnancy 
rates of transferred embryos [69]. Other studies have reported 
improved cleavage rates [71] and blastocyst rates [72] 
following ICSI. Conversely, reports of reduced development 
to blastocyst [66, 73–76], increased embryo fragmentation [77], 
and increased incidence of arrested embryos [76] associated 
with ICSI are numerous. These differences likely reflect 
differences in patient populations or ICSI protocols as well 
as differences in skill levels in ICSI technicians [72].

With regard to pregnancy rates, there is a general agreement 
that when good quality embryos are transferred, embryos 
derived by ICSI and conventional IVF are equally likely to 
establish pregnancy [64, 69, 75, 77, 78].

40.6  ICSI Safety

The primary concern with the overuse of ICSI in clinical 
practice is the potential for the more invasive procedure 
resulting in unnecessary fetal harm. While the general 
safety of the ICSI procedure has been well established, 
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there are studies that indicate an increased risk for fetal 
abnormalities associated with IVF and ICSI. Since ICSI is 
a relatively new technology, with fewer than two decades of 
clinical practice in human fertility treatment, long-term 
follow-up studies evaluating the health and development of 
ICSI-derived offspring have not been performed. 
Nevertheless, a number of epidemiological studies and 
short-term follow-ups have been done, and the results have 
confirmed that while there are slightly different incidences 
of some types of fetal abnormalities following ICSI, the 
risks are quite low and comparable to standard IVF. 
Continued research with ever-increasing numbers will 
prove valuable in the future.

Assessment of risks associated with ART procedures in 
general, as well as ICSI specifically, have been made in a 
number of settings, and the conclusions of these assess-
ments vary. A major confounder in the assessment of risks 
associated with IVF or ICSI is the large number of multi-
ple-birth gestations associated with ART. Of infants born 
through ART procedures in the United States in 2005, 49% 
were twins or higher order multiples [9], and in Europe 
about 37.5% of ART infants were born as twins or triplets 
[10]. Interestingly, a number of reports have indicated ICSI 
might contribute to the increased incidence of monozygotic 
twins observed in ART cases, however results to date are 
inconclusive [79]. Multiple-birth gestations are inherently 
much more risky that singletons, so in many cases, it is dif-
ficult to determine whether the risks are associated with 
multiple-births in general or are specifically attributable to 
the ART procedure [80]. In addition, many of the studies 
that have addressed risks associated with ART have not 
specifically evaluated the effect of ICSI compared with 
conventional IVF.

A recent systematic review evaluated 59 studies that 
measured the neurological development of children born 
following IVF and ICSI [81]. After selecting experimentally 
sound studies, On the basis of the data available from exper-
imentally sound studies, the authors concluded that there are 
no consistent neurological differences in IVF and ICSI chil-
dren when compared with naturally conceived children in 
terms of neuromotor development, behavior, speech and 
language, or overall cognition (Middleburg 101) [81]. 
Comparison of neurological development between IVF and 
ICSI children likewise did not reveal specific risks associ-
ated with ICSI. The authors did stress however that the chil-
dren assessed were of preschool age or younger, and 
longer-term follow-up studies will be necessary to make an 
accurate assessment of potential risks associated with ART 
procedures [81].

Evaluation of data on major birth defects in infants 
born between 1993 and 1997 in Western Australia found a 
minor but significant increase in malformations associ-
ated with ART; however, incidences of malformations did 

not differ between ICSI and conventional IVF infants 
[82]. In agreement with this study, a meta-analysis evalu-
ating the risk of birth defects associated with ICSI com-
pared with other ART procedures found no significantly 
increased risks in ICSI cases for any of the birth defects 
evaluated [83].

While the majority of published reports indicate congenital 
risks are associated with ART procedures in general, and 
not specifically with ICSI, there are reports of ICSI-
dependent risk factors. Comparison of neonatal outcomes 
following the transfer of cryopreserved ICSI or IVF 
embryos found a two-fold increase (6.4% versus 3.1%) in 
major malformations following ICSI when compared with 
IVF [84]. A cohort study evaluating the health of 5-year-
old naturally conceived, IVF and ICSI children found the 
only significant difference in IVF when compared with 
ICSI children was an increase in uro-genital malformations 
in ICSI children–particularly boys [85]. This finding had 
been reported previously [86] and may be related to paternal 
genetics rather than the ICSI procedure.

While a number of reports indicate potentially increased 
incidences of congenital malformations and developmental 
problems associated with ART, there is a general agreement 
that these risks are independent of the type of ART proce-
dure used [64]. Nevertheless, despite the encouraging reports 
regarding the safety of ICSI thus far, continued research and 
follow-up is imperative.

40.7  Assisted Hatching

Following fertilization and prior to implantation, the early 
embryo must emerge from the zona pellucida. In vivo, the 
process of embryo hatching occurs as a result of increased 
pressure on the zona exerted by the growing/expanding blas-
tocyst [87] and is facilitated by the zona thinning activity of 
serine proteases produced by either embryonic or uterine 
cells [88, 89].

It has been postulated that one reason for reduced implan-
tation rates following IVF and ICSI is a failure of the embryo 
to properly hatch from the zona because of zona hardening 
as a result of advanced maternal age, ovarian stimulation 
protocols, in vitro culture conditions, or cryopreservation. 
Assisted hatching, generally performed on day-two or day-
three embryos, was developed as a means of facilitating 
blastocyst hatching in an attempt to improve implantation 
rates [8]. Since the first successful application of the tech-
nique in 1990 [8], AH has become a routine practice in 
many fertility centers. Over the years, a number of AH 
methods have been employed. Research is ongoing to deter-
mine the most effective methods for AH as well as the indi-
cations for its use.
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40.8  Methods

The earliest reports of assisted hatching employed mechanical 
disruption of the zona using a glass micropipette to create 
an artificial opening in a process referred to as partial zona 
dissection (PZD) [8]. Partial zona dissection is performed by 
piercing the zona with a microneedle, exiting the zona with 
the microneedle at a distance approximately one-fifth the cir-
cumference of the embryo from the entry point, and subse-
quently rubbing the impaled section on the holding pipette to 
create a slit in the zona [90].

This method was followed by the use of acid Tyrode’s 
(AT) to digest a portion of the zona creating either a thinned 
region or a hole through the zona (Fig. 40.2a). The basic pro-
cedure using AT involves blowing the solution over the sur-
face of the zona to create a 30–35 mm depression adjacent to 
an area of empty perivitelline space or extracellular frag-
ments [90]. A variation of this involves completely trans-
versing the zona using care to cease applying AT in order to 
avoid damage to blastomeres. This method is used to reduce 
the overall thickness of the zona pellucida. Following the 
procedure, embryos are subsequently washed thoroughly to 
remove residual acidic solution.

More recently, diode lasers have been employed for AH 
(Fig. 40.2b). Laser AH simply involves applying two to three 
pulses of laser light for a duration of a few milliseconds to 
create a thinned region or hole in the zona [91]. The size of 
the hole created by laser AH varies from 10 to 30 mm.

Several groups have evaluated the affect of total zona 
removal on pregnancy and implantation rates and have shown 
improvements in pregnancy rates in some patients [92, 93]. 
A small observational study suggested that total zona removal 
of vitrified embryos was more effective than partial hatching 
using AT on the basis of pregnancy, implantation, and deliv-
ery rates [92].

Other methods for AH that have been used with much less 
frequency include piezo micromanipulation and pronase 
treatment. The piezo method involves generalized thinning 
of approximately one-third of the surface of the zona as well 
as the creation of a 20mm hole in the zona [94]. Assisted 
hatching by pronase is accomplished by bathing blastocysts 
in 0.2% pronase to thin the entire zona [95]. Both of these 
methods were demonstrated in prospective randomized trials 
to result in improved pregnancy and implantation rates when 
compared with untreated controls [94, 95].

A number of studies–both prospective and retrospective 
have evaluated the affect of the AH method on embryo devel-
opment and pregnancy rates [90, 91, 96–99]. Results of these 
studies vary, probably as a result of different patient groups 
selected for study or differences in technician efficiencies 
using different AH methods.

Two studies comparing different laser AH techniques 
report similar results. Both groups found that thinning a 

region of the zona with a laser resulted in higher pregnancy 
rates compared with producing a hole in the zona [91, 96]; 
however, both studies were retrospective, and continued 
research is necessary.

Studies comparing the results of laser AH with other 
methods have reached conflicting conclusions. Again, these 
differences might reflect differences in patient etiology in 
each study as well as application of these methodologies.

An early prospective study comparing AT and laser AH 
on embryos from women 38 years of age and older reported 
significantly improved pregnancy and delivery rates follow-
ing laser AH when compared with AT [97]. A more recent 
sibling oocyte study of a small number of patients who 
underwent AH either by laser or AT in conjunction with 
blastomere biopsy reported equivalent rates of blastocyst 
development and similar blastocyst quality in the two groups, 
however results beyond in vitro development were not 
reported [99].

A prospective randomized study comparing laser AH 
with mechanical PZD representing 319 patients 39 years of 
age or older reported the use of laser AH, significantly 
increased implantation rates as well as nonsignificant 
increases in clinical pregnancies and viable pregnancy (preg-
nancies progressing beyond the first trimester) rates were 
observed as compared to rates using mechanical PZD [98]. 
Similarly, a recently published retrospective study compar-
ing AT and laser AH with PZD suggested both AT and laser 
AH are superior to PZD in terms of clinical pregnancy rates 
and viable pregnancy rates [90]. Conversely, a retrospective 
study comparing AT, laser, pronase and PZD reported similar 
pregnancy and abortion rates between groups [100].

The advantage of laser AH over other methods is the rela-
tive technical ease, precision, speed, and hands-off nature of 
the procedure. The main drawback to laser AH is the signifi-
cant cost associated with a system. In addition, it is plausible 
that the transient heat produced by the laser beam might 
harm or injure the blastomeres that are closely associated 
with the zona breach. Continued research comparing AH 
outcomes in carefully controlled prospective studies will be 
valuable in determining the impact of the AH method on 
developmental efficiency.

The advantage of using AT for AH is that this method eas-
ily allows the removal of fragments as well as lysed blastom-
eres. This is especially important since several studies have 
indicated that the removal of lysed cells from fresh [101] and 
frozen-thawed [102] day 3 embryos is beneficial. The main 
disadvantage of using AT is the ability to consistently apply 
this technique. This technique has proven to be very difficult 
to replicate in many centers since the ability to apply the solu-
tion consistently is very difficult. It is quite possible that 
embryologists are making the holes either too large or small. 
In addition, this acid solution might be deleterious to the asso-
ciated blastomeres. Further research in this area is necessary.
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40.8.1  Indications

Research regarding the indications for AH and which cases 
benefit most from this procedure is ongoing, however, with 
little exception, there is general consensus that routine AH is 
not advantageous [103, 104]. Cases in which AH may be 
advantageous include embryos with thickened or hardened 
zonas [105, 106], women of advanced age [93, 105, 107, 
108], cryopreserved embryos [109], and in cases of previous 
IVF failure [93, 104, 110, 111].

Cohen et al. demonstrated in a prospective randomized 
trial that embryos with zonas thicker than 15 mm benefited 
most from AH, while negative affects of AH were observed 
in embryos with zonas less than 13 mm thick [105]. Another 
study showed that AH of embryos that were determined 
during ICSI procedures to have a difficult-to-penetrate 
oolemma resulted in significantly improved pregnancy rates 
when compared with nonhatched controls [106].

In the study cited earlier, Cohen et al. also found that 
when selective AH based on increased zona thickness was 
performed, the benefit of AH was most pronounced in women 
39 years of age and older [105]. In agreement with these 
results, two other studies found embryos from women of 
advanced maternal age implanted at a higher rate following 
AH [93, 111]. Other reports, however, have not found maternal 
age to be an important indicator for AH [108].

Few studies have evaluated the affect of AH on implantation 
rates of cryopreserved embryos; however, existing studies 
suggest it may beneficial [92, 109, 112]. Two different groups 
found post-thaw AH resulted in improved pregnancy and 
implantation rates, while the same benefits were not observed 
following AH of fresh embryos [109, 112]. Another study 
compared the affect of AH using AT compared with com-
plete zona removal with laser and pipetting and found that 
complete zona removal resulted in improved pregnancy, 
implantation, and delivery rates [92].

Considering previous failed IVF cycles as an indicator 
for AH, the majority of studies indicate AH yields improved 
efficiencies [93, 110, 111], however, there is not complete 
consensus [109]. Selective AH for patients with at least 
three previous failed IVF cycles was demonstrated to yield 
improved clinical pregnancy and implantation rates when 
compared with unhatched controls, while the rate of miscar-
riage was similar for both groups [111]. When complete 
zona removal was performed on embryos from a group of 
women over the age of 40 and/or women with at least two 
previous failed IVF cycles, significantly higher pregnancy 
rates were reported [93]. Recently, a retrospective study 
found significant improvement in pregnancy and implanta-
tion rates in women following AH after a single failed IVF 
cycle [110], while another study found no benefit to AH 
based on maternal age [109].

40.8.2  Outcome

As discussed earlier, AH has been demonstrated to be ben-
eficial in improving pregnancy, implantation, and delivery 
rates in some cases. Careful consideration must be given in 
determining which cases would benefit from AH, as it is 
certainly not beneficial in all cases, and in fact may result in 
reduced pregnancy rates under some circumstances. As 
with ICSI techniques, AH has been inconclusively impli-
cated in increasing MZ twinning rates associated with 
ART, further emphasizing the need for selective use of the 
technique [79].

40.9  Conclusions

The primary aim of both ICSI and AH is to improve the effi-
ciency of in vitro embryo production and embryo implanta-
tion, thereby expanding the population of patients who can 
benefit from ART techniques without providing undue harm. 
In order to achieve this goal, care must be given in determin-
ing under what circumstances these techniques are necessary 
and beneficial. Continued research focusing on ICSI and 
AH indications as well as improved methodologies will be 
of great benefit to the ART community as well as to those 
who benefit from infertility treatment.

References

 1. Willadsen SM (1979) A method for culture of micromanipulated 
sheep embryos and its use to produce monozygotic twins. Nature 
277:298–300

 2. Willadsen SM (1986) Nuclear transplantation in sheep embryos. 
Nature 320:63–65

 3. Malter HE, Cohen J (1989) Partial zona dissection of the human 
oocyte: a nontraumatic method using micromanipulation to assist 
zona pellucida penetration. Fertil Steril 51:139–148

 4. Cohen J, Alikani M, Malter HE, Adler A, Talansky BE, Rosenwaks 
Z (1991) Partial zona dissection or subzonal sperm insertion: micro-
surgical fertilization alternatives based on evaluation of sperm and 
embryo morphology. Fertil Steril 56:696–706

 5. Uehara T, Yanagimachi R (1976) Microsurgical injection of sper-
matozoa into hamster eggs with subsequent transformation of sperm 
nuclei into male pronuclei. Biol Reprod 15:467–470

 6. Iritani A (1988) Current status of biotechnological studies in 
mammalian reproduction. Fertil Steril 50:543–551

 7. Palermo G, Joris H, Devroey P, Van Steirteghem AC (1992) 
Pregnancies after intracytoplasmic injection of single spermatozoon 
into an oocyte. Lancet 340:17–18

 8. Cohen J, Elsner C, Kort H et al (1990) Impairment of the hatching 
process following IVF in the human and improvement of implanta-
tion by assisting hatching using micromanipulation. Hum Reprod 
5:7–13



610 K.I. Aston and K.E. Weimer

 9. Wright VC, Chang J, Jeng G, Macaluso M (2008) Assisted repro-
ductive technology surveillance – United States, 2005. MMWR 
Surveill Summ 57:1–23

 10. Andersen AN, Goossens V, Ferraretti AP et al (2008) Assisted 
reproductive technology in Europe, 2004: results generated from 
European registers by ESHRE. Hum Reprod 23:756–771

 11. Gilchrist RB, Lane M, Thompson JG (2008) Oocyte-secreted factors: 
regulators of cumulus cell function and oocyte quality. Hum Reprod 
Update 14:159–177

 12. Carrell DT, Peterson CM, Jones KP et al (1999) A simplified cocul-
ture system using homologous, attached cumulus tissue results in 
improved human embryo morphology and pregnancy rates during 
in vitro fertilization. J Assist Reprod Genet 16:344–349

 13. Quinn P, Margalit R (1996) Beneficial effects of coculture with 
cumulus cells on blastocyst formation in a prospective trial with 
supernumerary human embryos. J Assist Reprod Genet 13:9–14

 14. Ebner T, Moser M, Sommergruber M, Shebl O, Tews G (2006) 
Incomplete denudation of oocytes prior to ICSI enhances embryo 
quality and blastocyst development. Hum Reprod 21:2972–2977

 15. Takeuchi S, Minoura H, Shibahara T, Shen X, Futamura N, Toyoda 
N (2001) Comparison of piezo-assisted micromanipulation with 
conventional micromanipulation for intracytoplasmic sperm injec-
tion into human oocytes. Gynecol Obstet Invest 52:158–162

 16. Nagy ZP, Oliveira SA, Abdelmassih V, Abdelmassih R (2002) 
Novel use of laser to assist ICSI for patients with fragile oocytes: a 
case report. Reprod Biomed Online 4:27–31

 17. Abdelmassih S, Cardoso J, Abdelmassih V, Dias JA, Abdelmassih R, 
Nagy ZP (2002) Laser-assisted ICSI: a novel approach to obtain 
higher oocyte survival and embryo quality rates. Hum Reprod 
17:2694–2699

 18. Ergenc AF, Li MW, Toner M, Biggers JD, Lloyd KC, Olgac N 
(2008) Rotationally oscillating drill (Ros-Drill(c)) for mouse icsi 
without using mercury. Mol Reprod Dev 75(12):1744–1751

 19. Liu J, Nagy Z, Joris H, Tournaye H, Devroey P, Van Steirteghem A 
(1995) Successful fertilization and establishment of pregnancies 
after intracytoplasmic sperm injection in patients with globozoo-
spermia. Hum Reprod 10:626–629

 20. Esfandiari N, Javed MH, Gotlieb L, Casper RF (2005) Complete 
failed fertilization after intracytoplasmic sperm injection–analysis 
of 10 years’ data. Int J Fertil Womens Med 50:187–192

 21. Mahutte NG, Arici A (2003) Failed fertilization: is it predictable? 
Curr Opin Obstet Gynecol 15:211–218

 22. Kovacic B, Vlaisavljevic V (2000) Configuration of maternal and 
paternal chromatin and pertaining microtubules in human oocytes 
failing to fertilize after intracytoplasmic sperm injection. Mol 
Reprod Dev 55:197–204

 23. Sousa M, Tesarik J (1994) Ultrastructural analysis of fertilization 
failure after intracytoplasmic sperm injection. Hum Reprod 
9:2374–2380

 24. Tejera A, Molla M, Muriel L, Remohi J, Pellicer A, De Pablo JL 
(2008) Successful pregnancy and childbirth after intracytoplasmic 
sperm injection with calcium ionophore oocyte activation in a 
globozoospermic patient. Fertil Steril 90(4):1202.e1–1202.e5

 25. Tesarik J, Sousa M, Testart J (1994) Human oocyte activation after 
intracytoplasmic sperm injection. Hum Reprod 9:511–518

 26. Horner VL, Wolfner MF (2008) Transitioning from egg to embryo: 
triggers and mechanisms of egg activation. Dev Dyn 237: 
527–544

 27. Yanagida K, Katayose H, Yazawa H et al (1999) Successful fertil-
ization and pregnancy following ICSI and electrical oocyte activa-
tion. Hum Reprod 14:1307–1311

 28. Rybouchkin AV, Van der Straeten F, Quatacker J, De Sutter P, Dhont 
M (1997) Fertilization and pregnancy after assisted oocyte activa-
tion and intracytoplasmic sperm injection in a case of round-headed 
sperm associated with deficient oocyte activation capacity. Fertil 
Steril 68:1144–1147

 29. Nasr-Esfahani MH, Razavi S, Javdan Z, Tavalaee M (2008) Artificial 
oocyte activation in severe teratozoospermia undergoing intracyto-
plasmic sperm injection. Fertil Steril 90(6):2231–2237

 30. Yanagida K, Morozumi K, Katayose H, Hayashi S, Sato A (2006) 
Successful pregnancy after ICSI with strontium oocyte activation in 
low rates of fertilization. Reprod Biomed Online 13:801–806

 31. Kyono K, Kumagai S, Nishinaka C et al (2008) Birth and follow-up 
of babies born following ICSI using SrCl2 oocyte activation. Reprod 
Biomed Online 17:53–58

 32. Ebner T, Moser M, Sommergruber M, Jesacher K, Tews G (2004) 
Complete oocyte activation failure after ICSI can be overcome by a 
modified injection technique. Hum Reprod 19:1837–1841

 33. Tesarik J, Rienzi L, Ubaldi F, Mendoza C, Greco E (2002) Use of a 
modified intracytoplasmic sperm injection technique to overcome 
sperm-borne and oocyte-borne oocyte activation failures. Fertil 
Steril 78:619–624

 34. Svalander P, Jakobsson AH, Forsberg AS, Bengtsson AC, Wikland 
M (1996) The outcome of intracytoplasmic sperm injection is unre-
lated to ‘strict criteria’ sperm morphology. Hum Reprod 11: 
1019–1022

 35. Check M, Check JH, Summers-Chase D, Swenson K, Yuan W 
(2003) An evaluation of the efficacy of in vitro fertilization with 
intracytoplasmic sperm injection for sperm with low hypoosmotic 
swelling test scores and poor morphology. J Assist Reprod Genet 
20:182–185

 36. Nagy ZP, Liu J, Joris H et al (1995) The result of intracytoplasmic 
sperm injection is not related to any of the three basic sperm param-
eters. Hum Reprod 10:1123–1129

 37. De Vos A, Van De Velde H, Joris H, Verheyen G, Devroey P, Van 
Steirteghem A (2003) Influence of individual sperm morphology on 
fertilization, embryo morphology, and pregnancy outcome of intra-
cytoplasmic sperm injection. Fertil Steril 79:42–48

 38. Bartoov B, Berkovitz A, Eltes F, Kogosowski A, Menezo Y, Barak 
Y (2002) Real-time fine morphology of motile human sperm cells 
is associated with IVF-ICSI outcome. J Androl 23:1–8

 39. Berkovitz A, Eltes F, Lederman H et al (2006) How to improve 
IVF-ICSI outcome by sperm selection. Reprod Biomed Online 
12:634–638

 40. Antinori M, Licata E, Dani G et al (2008) Intracytoplasmic morpho-
logically selected sperm injection: a prospective randomized trial. 
Reprod Biomed Online 16:835–841

 41. Bartoov B, Berkovitz A, Eltes F et al (2003) Pregnancy rates are 
higher with intracytoplasmic morphologically selected sperm injec-
tion than with conventional intracytoplasmic injection. Fertil Steril 
80:1413–1419

 42. Berkovitz A, Eltes F, Yaari S et al (2005) The morphological nor-
malcy of the sperm nucleus and pregnancy rate of intracytoplasmic 
injection with morphologically selected sperm. Hum Reprod 
20:185–190

 43. Naru T, Sulaiman MN, Kidwai A et al (2008) Intracytoplasmic 
sperm injection outcome using ejaculated sperm and retrieved 
sperm in azoospermic men. Urol J 5:106–110

 44. Kanto S, Sugawara J, Masuda H, Sasano H, Arai Y, Kyono K (2008) 
Fresh motile testicular sperm retrieved from nonobstructive azoo-
spermic patients has the same potential to achieve fertilization and 
pregnancy via ICSI as sperm retrieved from obstructive azoosper-
mic patients. Fertil Steril 90(5):2010.e5–2010.e7

 45. Moghadam KK, Nett R, Robins JC et al (2005) The motility of 
epididymal or testicular spermatozoa does not directly affect IVF/
ICSI pregnancy outcomes. J Androl 26:619–623

 46. Schwarzer JU, Fiedler K, Hertwig I et al (2003) Male factors deter-
mining the outcome of intracytoplasmic sperm injection with 
epididymal and testicular spermatozoa. Andrologia 35:220–226

 47. Nagy ZP, Janssenswillen C, Janssens R et al (1998) Timing of 
oocyte activation, pronucleus formation and cleavage in humans 
after intracytoplasmic sperm injection (ICSI) with testicular sper-



61140 Micromanipulation of Human Oocytes and Embryos

matozoa and after ICSI or in-vitro fertilization on sibling oocytes 
with ejaculated spermatozoa. Hum Reprod 13:1606–1612

 48. Balaban B, Urman B, Isiklar A et al (2001) Blastocyst transfer 
following intracytoplasmic injection of ejaculated, epididymal or 
testicular spermatozoa. Hum Reprod 16:125–129

 49. Raman JD, Schlegel PN (2003) Testicular sperm extraction with 
intracytoplasmic sperm injection is successful for the treatment of 
nonobstructive azoospermia associated with cryptorchidism. J Urol 
170:1287–1290

 50. Ogura A, Yanagimachi R (1993) Round spermatid nuclei injected 
into hamster oocytes from pronuclei and participate in syngamy. 
Biol Reprod 48:219–225

 51. Ogura A, Yanagimachi R, Usui N (1993) Behaviour of hamster and 
mouse round spermatid nuclei incorporated into mature oocytes by 
electrofusion. Zygote 1:1–8

 52. Ogura A, Matsuda J, Yanagimachi R (1994) Birth of normal young 
after electrofusion of mouse oocytes with round spermatids. Proc 
Natl Acad Sci USA 91:7460–7462

 53. Gianaroli L, Selman HA, Magli MC, Colpi G, Fortini D, Ferraretti 
AP (1999) Birth of a healthy infant after conception with round 
spermatids isolated from cryopreserved testicular tissue. Fertil 
Steril 72:539–541

 54. Vanderzwalmen P, Zech H, Birkenfeld A et al (1997) Intracytoplasmic 
injection of spermatids retrieved from testicular tissue: influence of 
testicular pathology, type of selected spermatids and oocyte activa-
tion. Hum Reprod 12:1203–1213

 55. Benkhalifa M, Kahraman S, Biricik A et al (2004) Cytogenetic 
abnormalities and the failure of development after round spermatid 
injections. Fertil Steril 81:1283–1288

 56. Urman B, Alatas C, Aksoy S et al (2002) Transfer at the blastocyst 
stage of embryos derived from testicular round spermatid injection. 
Hum Reprod 17:741–743

 57. Yamanaka K, Sofikitis NV, Miyagawa I et al (1997) Ooplasmic round 
spermatid nuclear injection procedures as an experimental treatment 
for nonobstructive azoospermia. J Assist Reprod Genet 14:55–62

 58. Oliva R (2006) Protamines and male infertility. Hum Reprod Update 
12:417–435

 59. Ziyyat A, Lefevre A (2001) Differential gene expression in pre-
implantation embryos from mouse oocytes injected with round 
spermatids or spermatozoa. Hum Reprod 16:1449–1456

 60. Hayashi S, Yang J, Christenson L, Yanagimachi R, Hecht NB 
(2003) Mouse preimplantation embryos developed from oocytes 
injected with round spermatids or spermatozoa have similar but dis-
tinct patterns of early messenger RNA expression. Biol Reprod 
69:1170–1176

 61. Tesarik J, Cruz-Navarro N, Moreno E, Canete MT, Mendoza C 
(2000) Birth of healthy twins after fertilization with in vitro cul-
tured spermatids from a patient with massive in vivo apoptosis of 
postmeiotic germ cells. Fertil Steril 74:1044–1046

 62. Araki Y, Motoyama M, Yoshida A, Kim SY, Sung H, Araki S (1997) 
Intracytoplasmic injection with late spermatids: a successful proce-
dure in achieving childbirth for couples in which the male partner 
suffers from azoospermia due to deficient spermatogenesis. Fertil 
Steril 67:559–561

 63. Zech H, Vanderzwalmen P, Prapas Y, Lejeune B, Duba E, Schoysman 
R (2000) Congenital malformations after intracytoplasmic injection 
of spermatids. Hum Reprod 15:969–971

 64. Neri QV, Takeuchi T, Palermo GD (2008) An update of assisted 
reproductive technologies results in the United States. Ann N Y 
Acad Sci 1127:41–48

 65. Gosden LV, Yin H (2006) Micromanipulation in assisted reproductive 
technology: intracytoplasmic sperm injection, assisted hatching, and 
preimplantation genetic diagnosis. Clin Obstet Gynecol 49:73–84

 66. Taylor TH, Wright G, Jones-Colon S, Mitchell-Leef D, Kort HI, Nagy 
ZP (2008) Comparison of ICSI and conventional IVF in patients 
with increased oocyte immaturity. Reprod Biomed Online 17:46–52

 67. Zorn B, Virant-Klun I, Stanovnik M, Drobnic S, Meden-Vrtovec H 
(2006) Intracytoplasmic sperm injection by testicular sperm in 
patients with aspermia or azoospermia after cancer treatment. Int J 
Androl 29:521–527

 68. Freeman MR, Archibong AE, Mrotek JJ, Whitworth CM, Weitzman 
GA, Hill GA (2001) Male partner screening before in vitro fertilization: 
preselecting patients who require intracytoplasmic sperm injection 
with the sperm penetration assay. Fertil Steril 76:1113–1118

 69. van der Westerlaken L, Naaktgeboren N, Verburg H, Dieben S, 
Helmerhorst FM (2006) Conventional in vitro fertilization versus 
intracytoplasmic sperm injection in patients with borderline semen: 
a randomized study using sibling oocytes. Fertil Steril 85:395–400

 70. Yoeli R, Orvieto R, Ashkenazi J, Shelef M, Ben-Rafael Z, Bar-Hava 
I (2008) Comparison of embryo quality between intracytoplasmic 
sperm injection and in vitro fertilization in sibling oocytes. J Assist 
Reprod Genet 25:23–28

 71. Van Landuyt L, De Vos A, Joris H, Verheyen G, Devroey P, Van 
Steirteghem A (2005) Blastocyst formation in in vitro fertilization 
versus intracytoplasmic sperm injection cycles: influence of the fer-
tilization procedure. Fertil Steril 83:1397–1403

 72. Dumoulin JC, Coonen E, Bras M et al (2000) Comparison of in-
vitro development of embryos originating from either conventional 
in-vitro fertilization or intracytoplasmic sperm injection. Hum 
Reprod 15:402–409

 73. Shoukir Y, Chardonnens D, Campana A, Sakkas D (1998) 
Blastocyst development from supernumerary embryos after intra-
cytoplasmic sperm injection: a paternal influence? Hum Reprod 
13:1632–1637

 74. Griffiths TA, Murdoch AP, Herbert M (2000) Embryonic develop-
ment in vitro is compromised by the ICSI procedure. Hum Reprod 
15:1592–1596

 75. Menezo Y, Barak Y (2000) Comparison between day-2 embryos 
obtained either from ICSI or resulting from short insemination IVF: 
influence of maternal age. Hum Reprod 15:1776–1780

 76. Miller JE, Smith TT (2001) The effect of intracytoplasmic sperm 
injection and semen parameters on blastocyst development in vitro. 
Hum Reprod 16:918–924

 77. Frattarelli JL, Leondires MP, Miller BT, Segars JH (2000) 
Intracytoplasmic sperm injection increases embryo fragmentation 
without affecting clinical outcome. J Assist Reprod Genet 
17:207–212

 78. Westphal LM, Hinckley MD, Behr B, Milki AA (2003) Effect of 
ICSI on subsequent blastocyst development and pregnancy rates. 
J Assist Reprod Genet 20:113–116

 79. Aston K, Peterson C, Carrell DT (2008) Monozygotic twinning 
associated with assisted reproductive technologies: a review. 
Reproduction 136(4):377–386

 80. Alukal JP, Lamb DJ (2008) Intracytoplasmic sperm injection (ICSI) 
– what are the risks? Urol Clin North Am 35:277–288 ix–x

 81. Middelburg KJ, Heineman MJ, Bos AF, Hadders-Algra M (2008) 
Neuromotor, cognitive, language and behavioural outcome in chil-
dren born following IVF or ICSI – a systematic review. Hum Reprod 
Update 14:219–231

 82. Hansen M, Kurinczuk JJ, Bower C, Webb S (2002) The risk of 
major birth defects after intracytoplasmic sperm injection and 
in vitro fertilization. N Engl J Med 346:725–730

 83. Lie RT, Lyngstadaas A, Orstavik KH, Bakketeig LS, Jacobsen G, 
Tanbo T (2005) Birth defects in children conceived by ICSI com-
pared with children conceived by other IVF-methods; a meta-analysis. 
Int J Epidemiol 34:696–701

 84. Belva F, Henriet S, Van den Abbeel E et al (2008) Neonatal out-
come of 937 children born after transfer of cryopreserved embryos 
obtained by ICSI and IVF and comparison with outcome data of 
fresh ICSI and IVF cycles. Hum Reprod 23(10):2227–2238

 85. Bonduelle M, Wennerholm UB, Loft A et al (2005) A multi-centre 
cohort study of the physical health of 5-year-old children conceived



612 K.I. Aston and K.E. Weimer

  after intracytoplasmic sperm injection, in vitro fertilization and 
natural conception. Hum Reprod 20:413–419

 86. Wennerholm UB, Bergh C, Hamberger L et al (2000) Incidence of 
congenital malformations in children born after ICSI. Hum Reprod 
15:944–948

 87. Sathananthan H, Menezes J, Gunasheela S (2003) Mechanics of 
human blastocyst hatching in vitro. Reprod Biomed Online 
7:228–234

 88. O’Sullivan CM, Liu SY, Karpinka JB, Rancourt DE (2002) 
Embryonic hatching enzyme strypsin/ISP1 is expressed with ISP2 
in endometrial glands during implantation. Mol Reprod Dev 
62:328–334

 89. Cohen J (1991) Assisted hatching of human embryos. J In Vitro 
Fert Embryo Transf 8:179–190

 90. Feng HL, Hershlag A, Scholl GM, Cohen MA (2008) A retropro-
spective study comparing three different assisted hatching tech-
niques. Fertil Steril 91(Suppl. 4):1323–1325

 91. Ghobara TS, Cahill DJ, Ford WC et al (2006) Effects of assisted 
hatching method and age on implantation rates of IVF and ICSI. 
Reprod Biomed Online 13:261–267

 92. Hiraoka K, Fuchiwaki M, Horiuchi T, Murakami T, Kinutani M, 
Kinutani K (2007) Zona pellucida removal and vitrified blastocyst 
transfer outcome: a preliminary study. Reprod Biomed Online 
15:68–75

 93. Mansour RT, Rhodes CA, Aboulghar MA, Serour GI, Kamal A 
(2000) Transfer of zona-free embryos improves outcome in poor 
prognosis patients: a prospective randomized controlled study. 
Hum Reprod 15:1061–1064

 94. Nakayama T, Fujiwara H, Yamada S, Tastumi K, Honda T, Fujii S 
(1999) Clinical application of a new assisted hatching method 
using a piezo-micromanipulator for morphologically low-quality 
embryos in poor-prognosis infertile patients. Fertil Steril 
71:1014–1018

 95. Isik AZ, Vicdan K, Kaba A, Dagli G (2000) Comparison of zona 
manipulated and zona intact blastocyst transfers: a prospective 
randomized trial. J Assist Reprod Genet 17:135–139

 96. Mantoudis E, Podsiadly BT, Gorgy A, Venkat G, Craft IL (2001) A 
comparison between quarter, partial and total laser assisted hatching 
in selected infertility patients. Hum Reprod 16:2182–2186

 97. Hsieh YY, Huang CC, Cheng TC, Chang CC, Tsai HD, Lee MS 
(2002) Laser-assisted hatching of embryos is better than the chem-
ical method for enhancing the pregnancy rate in women with 
advanced age. Fertil Steril 78:179–182

 98. Makrakis E, Angeli I, Agapitou K, Pappas K, Dafereras A, Pantos 
K (2006) Laser versus mechanical assisted hatching: a prospective 
study of clinical outcomes. Fertil Steril 86:1596–1600

 99. Jones AE, Wright G, Kort HI, Straub RJ, Nagy ZP (2006) 
Comparison of laser-assisted hatching and acidified Tyrode’s 
hatching by evaluation of blastocyst development rates in sibling 

embryos: a prospective randomized trial. Fertil Steril 85: 
487–491

 100. Balaban B, Urman B, Alatas C, Mercan R, Mumcu A, Isiklar A 
(2002) A comparison of four different techniques of assisted 
hatching. Hum Reprod 17:1239–1243

 101. Keltz MD, Skorupski JC, Bradley K, Stein D (2006) Predictors of 
embryo fragmentation and outcome after fragment removal in 
in vitro fertilization. Fertil Steril 86:321–324

 102. Eftekhari-Yazdi P, Valojerdi MR, Ashtiani SK, Eslaminejad MB, 
Karimian L (2006) Effect of fragment removal on blastocyst 
formation and quality of human embryos. Reprod Biomed Online 
13:823–832

 103. Hellebaut S, De Sutter P, Dozortsev D, Onghena A, Qian C, Dhont M 
(1996) Does assisted hatching improve implantation rates after in vitro 
fertilization or intracytoplasmic sperm injection in all patients? A pro-
spective randomized study. J Assist Reprod Genet 13:19–22

 104. Practice Committee of the Society for Assisted Reproductive 
Technology, Practice Committee of the American Society for 
Reproductive Medicine (2006) The role of assisted hatching in 
in vitro fertilization: a review of the literature. A committee opinion. 
Fertil Steril 85:544–546

 105. Cohen J, Alikani M, Trowbridge J, Rosenwaks Z (1992) 
Implantation enhancement by selective assisted hatching using 
zona drilling of human embryos with poor prognosis. Hum Reprod 
7:685–691

 106. Ebner T, Moser M, Yaman C et al (2002) Prospective hatching of 
embryos developed from oocytes exhibiting difficult oolemma 
penetration during ICSI. Hum Reprod 17:1317–1320

 107. Edi-Osagie E, Hooper L, Seif MW (2003) The impact of assisted 
hatching on live birth rates and outcomes of assisted conception: a 
systematic review. Hum Reprod 18:1828–1835

 108. Lanzendorf SE, Nehchiri F, Mayer JF, Oehninger S, Muasher SJ 
(1998) A prospective, randomized, double-blind study for the 
evaluation of assisted hatching in patients with advanced maternal 
age. Hum Reprod 13:409–413

 109. Valojerdi MR, Eftekhari-Yazdi P, Karimian L, Ashtiani SK (2008) 
Effect of laser zona pellucida opening on clinical outcome of 
assisted reproduction technology in patients with advanced female 
age, recurrent implantation failure, or frozen-thawed embryos. 
Fertil Steril 90:84–91

 110. Dayal MB, Dubey A, Frankfurter D, Peak D, Gindoff PR (2007) 
Second cycle: to hatch or not to hatch? Fertil Steril 88:718–720

 111. Magli MC, Gianaroli L, Ferraretti AP, Fortini D, Aicardi G, 
Montanaro N (1998) Rescue of implantation potential in embryos 
with poor prognosis by assisted zona hatching. Hum Reprod 
13:1331–1335

 112. Ge HS, Zhou W, Zhang W, Lin JJ (2008) Impact of assisted hatching 
on fresh and frozen-thawed embryo transfer cycles: a prospective, 
randomized study. Reprod Biomed Online 16:589–596



613

Abstract Many variables must be considered when choosing 
a clinical culture system. Although animal studies provide 
a strong evidence-based profile as to the composition of 
viable clinical systems, the true test of efficacy in a clinical 
setting is to test the system within one’s own laboratory by 
randomizing sibling oocytes or embryos to the test system 
or the standard system currently in use. Using this methodol-
ogy, clinical results can be maximized while minimizing the 
potential impact on patients.

Keywords Culture • Media • Air quality • Embryo density 
• Gas phase • Temperature • Light • Culture techniques

41.1  Introduction

There are many variables to consider when culturing human 
embryos in vitro. In a perfect culture system, all aspects of 
the in vivo microenvironment of eggs and embryos would be 
duplicated in vitro. This is a challenging endeavor, however, 
because our knowledge of the environments within the fal-
lopian tube and uterus continues to evolve. Furthermore, 
standard embryo culture technology still relies on the use of 
static systems, thereby failing to capture the subtle nuances 
of the dynamic in vivo environment. In spite of these limita-
tions, the fact that human embryos are able to produce live 
babies after culture in a wide variety of in vitro culture sys-
tems demonstrates their remarkable plasticity to adapt to the 
stresses imposed by these less than perfect systems.

Perhaps, the most fascinating and essential element to the 
proper practice of embryology is the ability to identify the 
individual and collective influences that in vitro culture con-
ditions impose, and to adapt culture systems to minimize 
these effects. These conditions include, but are not limited 

to, the quality of the air in the IVF laboratory; the quality and 
composition of the gas in the incubator chambers; the type of 
culture dishes used; the selection of media used for gamete 
manipulation, embryo growth, and embryo transfer; and the 
specific technologies used to handle zygotes and embryos. 
In this chapter, we will explore each of these components 
after considering the historical development of embryo cul-
ture techniques and the more recent advancements in clinical 
IVF laboratory technologies.

41.2   Historical Perspective on Development 
of Embryo Culture Techniques

The embryo culture technologies used in clinical IVF today 
have their foundation in landmark studies undertaken with 
animal species over a century ago. These studies encom-
passed investigations with gametes, the fertilization process, 
and the resulting embryos, in addition to explorations of the 
reproductive cycle itself. Indeed, it was the confluence of 
research in these areas that enabled the development of cul-
ture systems capable of supporting fertilization and the for-
mation of viable preimplantation embryos first in animal 
species, and then in the human (see Fig. 41.1).

The first reported attempt to achieve in vitro fertilization 
took place over 125 years ago when Viennese professor SL 
Schenk reported inseminating rabbit and guinea pig eggs 
in vitro and observing cleavage [1]. However, it was only 
with improved understanding of the adult estrus cycle and 
increased efficiency with embryo transfer techniques that the 
possibility of documenting successful in vitro embryo cul-
ture could be realized. In 1890, in extraordinary studies of 
the time, Walter Heape first reported the birth of live pups 
from the transfer of embryos from a donor female rabbit into 
a pregnant recipient [2]. These landmark studies revealed 
that the process of embryo development and implantation 
relied on complex processes that revolved around both the 
embryo and the adult reproductive processes.
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It took another 50 years before the first successful in vitro 
fertilization and birth in an animal species was reported. In 
this 1934 study, Pincus reported the birth of seven rabbit pups 
resulting from “ova subjected to experiment manipulation 
in vitro” [3]. Since the in vitro exposure period consisted of 
only a 20 min incubation of eggs with sperm prior to their 
transfer into a pseudopregnant doe, there remains doubt as to 
whether or not this was indeed the first documented case of 
IVF in a mammalian species. Nevertheless, at the time this 
was considered a milestone in the field and sparked investiga-
tions to improve the formulation of embryo culture media.

In the late 1940s, Hammond reported the use of a simple 
salt solution for the culture of 8-cell mouse embryos through 
several cleavage divisions [4]. This formulation, which con-
tained 6 mM glucose and 8–9% egg white, was able to sup-
port development to the blastocyst stage – quite extraordinary 
results indicating that simple salts, glucose, and protein can 
support early embryo development in culture. Whitten further 
refined this media to include calcium lactate instead of cal-
cium chloride. In 1957, using this revised formulation, he 

was able to show that mouse embryos isolated as early as the 
2-cell stage could remain in culture and form blastocysts, thus 
implicating that energy source changes affect embryo devel-
opment [5]. The ability of in vitro culture systems to support 
live births was further demonstrated by McLaren and Biggers 
with the successful development and birth of mice cultured as 
early embryos [6], and then indisputably proven in 1959, when 
Chang reported the successful in vitro fertilization, embryo 
transfer into foster mothers, and birth of live rabbit pups [7].

While studies on animal culture systems were being 
refined, important research in human embryos was taking 
place. In rather provocative experiments, pathologist Arthur 
Hertig and obstetrician John Rock asked women scheduled 
for hysterectomy to document their menstrual cycles and 
sexual activities leading to the surgery. They then isolated 
concepti from the extracted reproductive tissue and corre-
lated their developmental stage to morphology [8]. The studies 
were remarkable at two levels. First, they marked the first time 
that human embryos were ever observed and documented. 
Additionally, and perhaps more important for the field of 

Fig. 41.1 Timeline of landmark events involved in the history of in vitro fertilization and embryo culture



61541 Embryo Culture Techniques

embryology, it was the first time that an interdisciplinary 
union was established that successfully combined clinical 
and scientific expertise.

It took almost 30 years before Steptoe and Edwards, another 
interdisciplinary team, achieved the first successful birth of a 
human baby using in vitro fertilization [9]. Although Robert 
Edwards achieved fertilization of human ova in vitro as early 
as 1969 [10], it was not until he teamed up with Patrick Steptoe, 
an obstetrician who pioneered laparoscopic egg retrievals, that 
successful fertilization and embryo transfer were combined. 
Their first attempts were in patients stimulated with hMG and 
hCG [11], from whom they obtained oocytes which fertilized 
in vitro, grew into blastocysts and were transferred. However, 
the first IVF success was achieved following egg retrieval 
timed to the LH surge in a natural cycle, combined with cultur-
ing the embryo to the 8-cell stage. Of note, Leslie Brown was 
only the second patient to undergo this revised treatment regi-
men, resulting in the retrieval of a single ovum and the transfer 
of an 8 cell embryo into her uterus two and a half days later. 
After a 38-week gestation, Louise Brown, a 2,700 g infant was 
born on July 25, 1978, and the world of reproductive physiology 
was forever changed.

41.3  Advances in IVF Technologies

With the advent of this new treatment option, many reproduc-
tive clinics opened their doors in the late 1970s and early 
1980s and further development of infertility treatments was 
undertaken. In the 10 years spanning 1982 and 1992, an 
unprecedented number of milestones in human reproductive 
physiology were passed. As early as 1983, techniques for 
cryopreserving embryos had been determined and the estab-
lishment of a pregnancy reported [12]. Three years later, Chen 
reported the successful cryopreservation of a human ovum 
that was subsequently thawed, fertilized, transferred, and 
resulted in a pregnancy [13]. Considering that we are still 
struggling with improving the efficacy of egg freezing more 
than 20 years later, this early success is quite remarkable.

By the late 1980s, advancements in the micromanipulation 
of human eggs and embryos were being made. In 1988, 
Gordon reported that it was possible to increase fertilization 
efficiency in human by inserting sperm under the zona pellu-
cida [14]. Palermo and Van Steirteghem took this process one 
step further and revolutionized the field of male factor infertil-
ity when they described the successful fertilization of an 
oocyte by inserting the sperm directly into the cytoplasm [15]. 
In their first series using intracytoplasmic sperm injection 
(ICSI), they were able to attain a 66% fertilization rate (n = 47 
eggs) and a 26.7% implantation rate per embryo transferred! 
In 1990, Jacques Cohen demonstrated that implantation rates 
could be more than doubled when a hole was made in the zona 

pellucida of the embryo (6% vs. 25%, P < 0.023) [16], a 
practice now commonly known as assisted hatching.

Even though the culture of human zygotes to the blastocyst 
stage was achieved as early as 1970 [11], it was not until the 
early 1990s that pregnancies were reported from their transfer, 
albeit with low pregnancy rates (10% viable pregnancy per ET) 
[17]. As advances were made in media development, the effi-
ciency of blastocyst culture improved, and success rates of up 
to 66% per egg retrieval have now been reported [18]. This 
ability to let embryos grow 5 days in culture has impacted the 
industry in two ways. First, the approach allows those embryos 
that are the most robust to thrive, thus aiding in the selection 
process for transfer. In addition, opening the window of culture 
by two days allows sufficient time to perform preimplantation 
genetic diagnosis on day 3 embryos (i.e., removal and genetic 
analysis of one or two cells) followed by subsequent transfer of 
genetically normal embryos on day 4 or 5 [19]. The application 
of this technology will only be limited by the capabilities of 
the molecular biology assays developed.

The field of reproductive physiology has come a long way 
in a relatively short period of time. In just over 125 years, inves-
tigators have made great strides in the following key areas: (1) 
Determination and control of the physiology of estrous in adult 
females; (2) Development of techniques for the recovery, incu-
bation, and fertilization of ova; (3) Establishment of methods 
to assist in the fertilization and implantation process; (4) 
Improvements in culture media such that embryo development 
can be supported through 5–6 days of in vitro; (5) Refinement 
of cryopreservation protocols such that we can now freeze 
oocytes, cleavage stage embryos, and blastocysts; and (6) The 
identification of methods for genetically screening embryos, 
and for diagnosing those that carry genetic mutations. In addi-
tion, the unique partnership between clinicians and scientists 
established long ago, and still so critical for the success of an 
IVF program, has continued to grow and flourish.

41.4  Culture Methods

The methods used to support gamete handling, fertilization, 
and embryo development encompass those at the macro-
environmental level (i.e., the laboratory, the incubator, the hoods, 
and the microscopes), to those at the micro-environmental 
level (i.e., the dishes and the culture media). Variables 
common to all these environmental parameters prevail (such as 
air quality, temperature, and light) which must be critically 
controlled in order to optimize the overall culture system. 
In addition, there are many ways to culture embryos, thus 
variables such as dish pre-equilibration times, insemination 
concentration and timing, embryo density, number of direct 
observations and media renewal during culture can all affect 
the final outcome. In addition, peak observation intervals 
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must be established so that assessment is timed to capture 
developmental mile-markers as the population mode dic-
tates. The interplay of all these variables must be considered; 
thus the only way to determine the best culture methods is to 
optimize the all-encompassing system in the setting in which 
they will be used.

41.4.1  Air Quality

The quality of the laboratory air can impact IVF outcomes 
[20]. While little is known about the actual components that 
effect these changes, Cohen et al. have postulated that four 
different categories of pollutants are involved: volatile 
organic compounds (VOC’s); small inorganic molecules 
such as N

2
O, SO

2
, and CO; substances derived from building 

materials (i.e., adhesives and floor tiles); and other polluting 
compounds (i.e., pesticides, aerosols, etc.). The use of clean-
room technology has been shown to improve pregnancy rates 
[21, 22]. However, even after using centralized prefilter, car-
bon, and HEPA (high efficiency particulate air) filtration sys-
tems, the polished room air may still contain amounts of 
pollutants that exceed those of outside air [20]. In an effort to 
overcome such potential problems, two types of incubator 
filters, HEPA and VOC, have been developed for use in addi-
tion to clean-room technology. In one study involving human 
embryos, use of VOC filters increased blastocyst formation 
rates compared with use of HEPA filtration (29% vs. 23%, 
P < 0.02) [22]. This finding is in agreement with another 
study that demonstrated increased pregnancy rates when 
carbon-based filters were placed in the incubators (41–45.3%, 
P < 0.04) [23]. Thus, the toxicity of VOC’s may be reduced 
by the use of in-incubator VOC filters.

In an effort to reduce these agents in our own laboratory, 
strict attention has been paid to using the lowest VOC-
emitting products for all construction materials. We also use 
an inorganic agent that is water-based (Multiclean) for clean-
ing all equipment and facility surfaces rather than 70% etha-
nol, and we utilize special laboratory chairs that have 
non-out-gassing upholstery.

41.4.2  Temperature

The recognized industry standard regarding temperature for 
embryo culture is 37°C. However, it is almost impossible to 
maintain this temperature consistently when performing all 
laboratory interventions of a typical IVF cycle. Even in the 
most experienced hands, the temperature of microdrop 
cultures under oil experience minor cooling fluctuations 
when eggs or embryos are being observed, or during opening 
and closing of incubators.

Several studies have examined the impact of temperature 
on oocyte cytoarchitecture and embryo development when 
oocytes and embryos are subject to conditions similar to 
those experienced during IVF culture. As early as 1978, 
Hirao and Yanagimachi demonstrated that sperm fusion, cor-
tical granule exocytosis, and the formation of pronuclei 
occurred more slowly in hamster eggs following insemina-
tion at 25°C, as compared with 37°C [24]. Additionally, they 
observed multiple “subnuclei” in the eggs that had been 
cooled and postulated that this was due to meiotic spindle 
malfunction. This observation was confirmed by Wang et al. 
in 2001, who used polarized light microscopy to image via-
ble human oocytes and found that the ability of the human to 
recover spindle integrity is affected by the degree of cooling 
[25]. In fact, all oocytes cooled to 33°C and then rewarmed 
to 37°C were able to reform their spindles within 40 min, 
whereas only 2/5 of those cooled to 28°C and 0/5 of those 
cooled down to 25°C were capable of spindle reformation. 
It is noteworthy, however, that these experimental conditions 
are much more pronounced than those that eggs and embryos 
would likely experience in a clinical setting. Furthermore, 
and somewhat surprisingly, slight fluctuations around 37°C 
may actually be beneficial to IVF outcomes as evidenced 
by the results of Higdon et al. who recently reported a 19% 
increase in the clinical pregnancy rate when the incubator 
environment was <37°C as opposed to >37°C [22].

Most laboratories set their equipment to run at 37°C, but 
ambient air temperature can affect how temperature is main-
tained when embryos are outside an incubator. Cooling rates 
on stage warmers have been shown to double (1.6°C/m vs. 
3.3°C/m), when ambient air temperatures drop from 22–24°C 
(71.6–75.2°F) to 18°C (64.4°F) [26]. Microscope stage warm-
ers and incubator chambers also differ in their ability to hold 
the temperatures constant at 37°C. In a comparison between 
microscope stages with a surface of solid glass vs. black matte 
(with a 15 mm viewing hole in the middle), the rate of cooling 
was double (1.2°C/m vs. 2.4°C/m) when a viewing hole was 
present [27]. It was also found that recovery time varies 
according to the type of incubator used; water-jacketed 
incubators took more than 4 times longer to bring dish 
temperatures back to 37°C (after dish exposure to 35°C) than 
did MINC incubators, which rely on direct surface contact 
[27, 28]. On the basis of these findings, we recommend 
that laboratories set their thermostats to 71°C and above, use 
solid-viewing surface microscope stages, and limit the 
number of times water-jacketed incubators are opened.

41.4.3  Light

Handling of gametes and embryos in the IVF laboratory 
subjects them to light effects they would never encounter 
in vivo. Therefore, the effects of fluorescent and incandescent 
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illumination on egg and embryo development must be 
considered, and the least detrimental type of illumination 
must be used. Cool white fluorescent light uses less energy 
and emits less heat than incandescent lighting, however, the 
light spectrum profile includes emission at mostly the 540–
560 nm wavelength [29]. In contrast, incandescent and 
warm white fluorescent light emit both 540–560 nm and 
620–640 nm wavelengths. Early studies conducted on cool 
white fluorescent illumination found that zona-free hamster 
embryos exposed for 15 m at 25°C demonstrated a 16% 
reduction in development as compared to controls, although 
it is unclear if this difference was significant [30]. While 
these findings are concerning, their value in an ART setting 
may be limited by the fact that they were conducted at 25°C. 
This consideration is supported by a later study that showed 
impairment in cell proliferation in rabbit embryos was 
compounded when light and temperature effects were 
administered jointly [31].

It does appear, however, that cool white fluorescent light 
is detrimental to development. In a recent study by Takenaka 
et al., it was found that after a 15 min exposure of mouse 
embryos to either no light, warm, or cool fluorescent light, 
significantly less reactive oxygen species (ROS) formed and 
more fetuses were obtained from embryos not exposed to 
cool fluorescence [29]. They also found that hamster embryos 
were affected to a higher degree than mouse embryos. Since 
different light sources emit different energy spectrums, it 
appears that light wavelength may be causing these changes 
(Fig. 41.2). Indeed, these effects have been examined using 
hamster embryos, where it was found that blue ray illumina-
tion (£492 nm) impaired development, and red ray illumination 
(³622 nm) improved development as compared to visible light 
[32]. These findings are not surprising when one considers 
that studies using low intensity light therapy in patients 
(630–1,000 nm wavelength) have been shown to increase 
wound healing and energy metabolism [33].

Consideration must also be given to possible detrimental 
effects of light intensity on gamete and embryo viability. 
While ambient laboratory light is typically 200–400 lux, the 
intensity of exposure from a microscope can vary from 2,300 
to 5,000 lux and will vary among technicians [34]. Early 
studies in the rabbit and mouse demonstrated no effect on 
fertilization or development when eggs and embryos were 
exposed to light [35, 36]. These observations are supported 
by a more recent study that showed no effect on murine blas-
tocyst formation rate or implantation rate from either light 
intensity or exposure time [37]. Contradictory to these find-
ings, however, is a study conducted by Oh et al., who found 
that when 2-cell hamster embryos were exposed to three dif-
ferent light intensities (200, 500, and 900 lux) for 10 min, 
there was a trend toward increasing blastocyst development 
as light intensity was reduced, however, this effect was only 
significant at 200 lux as compared with 900 lux [32].

Taken together, available evidence suggests that there may 
be species-specific sensitivities to varying light intensities. 
Though it is unlikely that any of these experiments with animal 
models used lighting conditions that directly mimicked 
the IVF culture environment, they give us perspective on the 
correct use of light in a clinical IVF laboratory setting. When 
overhead lighting is generated by warm or incandescent 
lights and is kept at a subdued, yet comfortable level at or 
below 500 lux, it is not damaging to embryo development, 
thus the use of darkroom technology may not be necessary. 
Additionally, because wavelengths below 500 nm may 
be harmful to eggs and embryos, microscope filters should be 
used that exclude these wavelengths, with care given to the 
intensity of illumination and the amount of time eggs and 
embryos are viewed. Finally, it may be prudent for laborato-
ries to purchase light lux meters and establish optimal light 
intensity levels using their own settings.

41.4.4  Incubator Gas Phase

Although the atmospheric level of oxygen at sea level is 
approximately 20.9%, physiological oxygen levels are 
lower, they vary in different parts of the reproductive tract, 
and they can fluctuate widely. In fact, oxygen concentra-
tions differences of up to 4% have been reported in both 
human follicular fluid (range <1.5–5.5 % in 18–22 mm 
follicles) [38] and the uterus (range 0.9–4.6%) [39]. Therefore, 
the oxygen concentration that eggs and embryos are 
exposed to in vivo is 4–20 times lower than the 21% used 
in standard in vitro culture systems that employ a gas phase 
of 5–6% CO

2
 in air.

Studies have investigated the relationship between oxygen 
tension and development. Van Blerkom et al. correlated the 
dissolved oxygen content of human follicular fluid at egg 
recovery to fertilization and embryo development in vitro [38]. Fig. 41.2 Spectra of light waves and wavelengths of visible light
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They found that while fertilization rates did not correlate to 
the dissolved oxygen content (when comparing follicles with 
<1.5, 1.5–2.5, or 3–5.5% dissolved oxygen), significantly 
more embryos progressed to the 6–8 cell stage with increasing 
follicular fluid oxygen levels (42% vs. 66% vs. 79%, respec-
tively, P < 0.001). Several studies have compared in vitro 
culture of human embryos at 5% O

2
 (i.e., a gas phase of 5% 

O
2
 + 5% CO

2
 + 90% N

2
) vs. 20% O

2
 (i.e. a gas phase of 5% 

CO
2
 in air) [40, 41]. While these investigators showed no 

differences in fertilization rates, they also failed to demon-
strate any differences in implantation or clinical pregnancy 
rates. However, in one of these studies, surplus embryos cul-
tured to day 5 or 6, produced significantly more blastocysts 
when cultured in 5% O

2
 as compared to 20% O

2
 (30% 

vs. 23%, P < 0.01) [40]. Animal studies confirm this finding. 
Using a mouse model, Rinaudo et al. found higher blastulation 
rates in low vs. atmospheric oxygen (69% vs. 81%, P < 0.05) 
[42]. Of concern, however, differences in gene expression 
were also observed in this study; embryos cultured in 5% O

2
 

exhibited gene expression more closely resembling that of 
in vivo derived embryos. Additionally, there were fewer per-
turbations in the global pattern of gene expression in embryos 
cultured at 5% O

2
 than those cultured at 20% O

2
. Consequently, 

while oxygen tension may not affect common markers used 
for quality control in the IVF laboratory (i.e., fertilization 
or implantation rates), it may affect cleavage rates and result 
in molecular changes having long-range effects yet to be 
identified.

41.4.5  pH

In mammals, the pH shifts from an alkaline environment in the 
oviduct (7.60 ± 0.01) to an acidic environment in the uterus 
(6.96 ± 0.01) [43]. Since cellular processes are largely pH-
dependent, this would imply that there are either stage-specific 
differences in the internal pH (pHi) during preimplantation 
development, or that eggs and embryos are able to regulate 
their pHi as they pass from the alkaline Fallopian tube into the 
more acidic uterus. The weight of experimental evidence sup-
ports the latter possibility. While little is known about the pHi 
of morulae and blastocysts, the pHi of human eggs has been 
measured and appears to remain constant during maturation 
and fertilization [44, 45]. The data regarding this absolute 
value for eggs are conflicting, however, which may be due to 
media differences. In one study of 111 samples incubated in 
Medicult Medium [44], the average pHi was found to be 
7.4 ± 0.1, while in a second study using KSOM, the pHi ranged 
from 6.98 to 7.04 pH (n = 22), and only increased slightly in 
cleavage stage embryos to 7.12 ± 0.01 (n = 199) [45]. These 
studies also examined how eggs and embryos respond to aci-
dosis and alkalosis and found that while both exhibited a robust 

recovery from alkalosis, eggs had lower rates of recovery 
from acidosis than did cleavage-stage embryos. Additionally, 
it was found eggs and embryos mainly rely on the presence of 
CO

2
 and bicarbonate to maintain their pHi at 7.0–7.3 pH. 

Therefore, these regulation processes must be active during 
ovulation and migration through the alkaline environment of 
the oviduct, sperm penetration (which peaks at an extracellular 
pH of 7.5) [44], and entry into the acidic uterine environment. 
Due to these considerations, in a static laboratory environ-
ment, dogma dictates that pH’s set at or near 7.3 may provide 
adequate conditions for insemination and embryo growth [46], 
because this is the midrange pH of those that are required for 
sperm penetration and embryonic pHi (i.e. 7.5–7.1). However, 
superior fertilization rates may be achieved when the insemi-
nation medium pH is set at 7.5 [44].

41.4.6  Media

The medium formulation used by most IVF laboratories in 
the early 1980s was HF10, a complex medium relatively 
high in glucose, and containing 20 amino acids and some 
vitamins. It was designed in 1963 as a media for the culture 
of diploid Chinese hamster and human cell lines [47] but was 
also found to support human in vitro fertilization and embryo 
cleavage. By the mid-1980s, IVF-specific formulations 
were being designed. The first such media was HTF, a media 
designed to mimic the concentrations of compounds in the 
human Fallopian tube [48]. Initially, 10–20% heated-inactivated 
maternal serum was used as the protein supplement, but now, 
(due to quality assurance issues and convenience) most 
laboratories use commercial protein products. These products 
include human serum albumin (HSA), packaged as a 10% 
protein solution in sterile saline; and synthetic serum substi-
tute (SSS), a product packaged as a 6% protein solution in 
saline, containing 84% HSA and 16% alpha and beta globu-
lins. These products are most often used at 10% v/v in culture 
media, resulting in a final protein concentration of 6 mg/ml 
(SSS) and 10 mg/ml (HSA). Of interest, some programs use 
50% HSA v/v in their transfer medium, which more closely 
approximates the concentration of albumin in serum (40 mg/
ml albumin) [49].

Historically, IVF laboratory personnel prepared their own 
culture media using published media formulations. However, 
as the industry expanded, it became much more effective (for 
quality control and cost reasons) to use commercially pre-
pared products. All of these media contain simple salts, 
bicarbonate and/or HEPES for pH stabilization, and energy 
substrates (i.e., glucose, lactate and/or pyruvate). In addition, 
some also contain amino acids and other additives such 
as phenol red, EDTA, sodium citrate, vitamins and growth 
factors, antibiotics and hyaluronan (Table 41.1).
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Much research has been done to assess the impact of 
these various components on embryo development. Studies 
on glucose metabolism have unequivocally shown that high 
glucose concentrations (typically 2.5–5.5 mM) are needed 
in insemination media [50, 51]. Other studies on amino 
acid effects demonstrated superior rates of embryo devel-
opment when nonessential amino acids and glutamine are 
present during cleavage to the 8-cell stage, whereas addi-
tion of both non-essential and essential amino acids favored 
development from the 8-cell stage to blastocyst [52]. On 
the other hand, penicillin and/or streptomycin may do more 
harm than good. At least one study in mice has shown lower 
fertilization rates (23% treated vs. 74% control) when using 
streptomycin at concentrations of 50 mg/ml or more [53]. In 
another study, the cleavage rate of human embryos was 
more than 1.5 times higher (94% vs. 58%, P < 0.01) on day 
3 when the embryos were grown in media without penicil-
lin and streptomycin [54]. Currently, most culture media 
are supplemented with gentamicin in lieu of penicillin and 
streptomycin.

These findings, as well as others, have led to develop-
ment of many different media formulations (Table 41.2), 
which undoubtedly are responsible, at least in part, for the 
improvement in implantation rates achieved in clinical IVF 
over the last decade or so. However, they have also sparked 
controversy as to which media system may be the best 
[55–60] and have led to debate as to whether sequential 
culture systems (i.e., systems using two different media, 

the first from days 1–3, the second from days 3–5) improve 
development when compared to single-media systems for 
the culture of gametes and embryos [61–63]. Sequential 
(two-step) culture systems are based on the original obser-
vation of Gardner et al. [64] that there is a changing energy 
substrate profile from the Fallopian tube to the uterine envi-
ronment (lower glucose and higher lactate and pyruvate 
concentrations in the Fallopian tube, compared with the 
uterine environment). In contrast, the design of at least one 
of the monoculture (single-step) media has been based on 
rigorous experimental design using simplex optimization 
methodology [65].

Adding fuel to this controversy is the unknown effect 
different media formulations may have on gene imprinting. 
Concerning data in mouse indicate that the H19 gene, which 
is normally preferentially expressed from the maternal 
allele, was aberrantly expressed in embryos cultured in 
Whitten’s media, but not KSOM-exposed embryos [66]. 
Additionally, some genes appeared to be unaffected, indi-
cating that these molecular perturbations may be very sub-
tle and difficult to quantify. Thus, it is critical that research 
continuing to target optimization of culture media formula-
tions must appraise performance not only by implantation 
potential of the cultured embryos, but also by the assess-
ment of potential down-stream adverse effects on the health 
of the offspring.

When considering which culture system may be superior, 
one must realize that media systems will perform differently 

Table 41.2 Media manufacturers and media applications. Products included are representative of products sold in the United States

Company Media Name

Application

Web address
Fertilization 
(Day 0)

Cleavage  
(Days 1–3 )

Blastocyst culture 
(Days 3–6)

Sage Quinn's Advantage Fertilization x www.coopersurgical.com
VitroLife GIVF x www.vitrolife.com
Irvine P1 x x www.irvinesci.com
Irvine HTF x x www.irvinesci.com
Medicult Universal IVF x www.medicult.com
Cook Sydney fertilization x www.cookmedical.com
Various Companies HF10 x x
Sage Quinn’s advantage cleavage x
VitroLife G1v5 x
Irvine ECM x
Medicult EmbryoAssist x
Cook Sydney Fertilization x
Lifeglobal Global x x www.lifeglobal.com
Sage Quinn’s advantage blastocyst x
VitroLife G2v5 x
Irvine MultiBlast x
Medicult BlastAssist x
Cook Sydney blastocyst x
LifeGlobal Blastocyst x

http://www.coopersurgical.com
http://www.vitrolife.com
http://www.irvinesci.com
http://www.irvinesci.com
http://www.medicult.com
http://www.cookmedical.com
http://www.lifeglobal.com
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Fig. 41.3 Some of the variables that affect IVF outcomes

in different laboratories. This is an important consideration. 
Since atmospheric pressure, incubator quality control, and 
stimulation protocols (to name a few) can all affect per-
formance, it is only reasonable that media formulations 
must be tested under the conditions in which they will be 
practiced (Fig. 41.3). Furthermore, one must realize that 
the culture system settled on by a laboratory does not have 
to subscribe to all the components of an entire vendor 
package (i.e., the complete media system marketed from 
egg collection to blastocyst culture) but rather, should 
reflect the optimum results obtained after careful testing of 
each product.

This systematic approach is one that we practice both to 
maximize results and to contain cost. For example, in one 
paradigm, we used Sage Quinn’s Advantage Fertilization 
Media (SQAF) as our insemination media and VitroLife 
G1v3 (G3) as the day 1–3 cleavage medium. We arrived at 
this combination after several clinical trials in which we 
found this to be an efficacious and cost-effective media com-
bination. However, we wished to test whether one medium 
was better for the culture of oocytes immediately after ICSI. 
Using a matched pair experimental design in which half the 
patient’s oocytes were randomly allocated to each media 
after ICSI, we found advantages to using the G3 media 
(Fig. 41.4). Although there was no difference in the fertiliza-
tion rates between G3 vs. SQAF (66.6% vs. 69.6%, P = 0.45), 
1.5 times more 8-cell embryos developed in eggs exposed to 
G3 media immediately after injection as compared to SQAF 
(1.38 ± 1.23 vs. 0.92 ± 1.01, P < 0.05). On the basis of these 
results, we settled on the use of G3 media for post-ICSI cul-
ture, even though the manufacturing companies do not spe-
cifically indicate this combination of media.

41.4.7  Plating Considerations

Various plating techniques are used to culture embryos and 
they involve many combinations of variables. For instance, 
some embryologists prefer to overlay culture media with oil 
(i.e., a closed system) in order to improve the maintenance of 
osmolarity, pH, and temperature, whereas others prefer the 
use of systems without oil (open system). The two systems 
also differ in that the open system typically involves larger 
volumes of medium (ranging from 0.5 ml to 2 ml per dish) as 
compared with the closed system that usually involves 
microdrops of medium (ranging from 25 ml to 100 ml per 
drop). Plate design also varies (Fig. 41.5). Some of the more 
common plates used for human embryo culture include organ 
culture dishes, multi-well plates, and standard 30 mm or 
60 mm tissue culture petri dishes. The basic difference in 
these plates is the size of the culture well. Organ culture 
dishes have a large central culture well (2 ml capacity) sur-
rounded by a moat that can hold up to 7 ml of media and is 
often used for humidification and pre-wash of cells. Multi-
well plates vary in capacity from 2 to 96 wells and can hold 
media droplets ranging from 0.10 to 1 ml depending on 
whether or not an oil overlay is used. The 60 mm plates have 
the largest capacity (8 ml) and, as with the 30 mm dishes, are 
typically used with microdrops of media in a closed system. 
A variation of the 60 mm plates has recently been developed 
that has pre-etched chambers for micro-drops (GPS embryo 
culture dishes, IVF Online); their efficacy is currently being 
evaluated.

Most of the studies involving direct comparisons of the 
open vs. closed culture systems have limitations due to 
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differences in plating volumes used; nevertheless, the 
weight of the evidence appears to favor use of a closed 
system for embryo culture. For instance, Sherbahn et al. 
compared blastocyst formation rates in mouse embryos 
cultured in groups (18 embryos/condition) using an open 
system (1 ml) vs. a closed system (30 ml drops) and found 
that significantly more blastocysts formed in the closed 
system as compared to the open system (14.6 vs. 10.2% 
P < 0.001) [67]. A more recent clinical study by Petersen 
et al. supports these results. Although the published implan-
tation and pregnancy rates appear to be reversed in the table, 
the results seem to show significantly higher implantation 
rates when embryos were cultured under oil (50 ml) as 

compared with when they were cultured without (1 ml) 
(25% vs. 3.8%, P < 0.05) [68]. The results of these two studies 
are further supported by a bovine embryo study which dem-
onstrated a significantly higher hatched blastocyst:blastocyst 
ratio when embryos were cultured in multiwell dishes 
containing 30–50 ml microdrops under oil as compared to 
those with 0.5 ml of media without oil (70.2% vs. 49.6% 
P < 0.05) [69]. These findings are in direct opposition to 
those of Ozawa et al. [70], who found that pig embryos, 
when cultured in 5 ml of media without oil overlay, formed 
the same percentage of blastocysts compared with that 
using an oil overlay. Although this study controlled for 
both plate type and media volume, it used non-standard 

Fig. 41.5 Representative culture dishes used in clinical IVF: (a) standard Falcon organ culture dish (No. 3037) with outer ring for rinsing, and 
inner well for culturing cells; (b) closed microdrop system under oil in a Falcon culture dish (No.1007)

Fig. 41.4 Matched-pair comparison of Sage Quinn’s Fertilization Media vs. VitroLife G1.3 for use as post-ICSI culture media. Data represent 39 
patients for whom oocytes were randomized to one of the two media immediately post-ICSI. Results reported as average ± standard error
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IVF dishes and 5 ml of medium, thus the efficacy in a clini-
cal IVF setting is unknown. Other studies have found no ben-
efit to the use of oil unless there are toxic substances in the 
media [71]. Taken together, most of the available data, and 
all published clinical studies, support the use of an oil over-
lay for human embryo culture. It remains to be determined 
whether this overall benefit of an oil overlay is due to the 
accumulation of higher concentrations of autocrine factors 
in the microdrops, and/or to advantages accrued by the 
more stable environment imparted by the overlay itself.

There are two types of oil used for embryo culture: 
mineral and silicone oil. Mineral oil is comprised of mixtures 
of highly refined paraffinic liquid hydrocarbons [72], thus 
it is sometimes called paraffin oil. This can be confusing 
when one reviews the literature because some reports use 
both “mineral oil” and “paraffin oil” when making direct 
comparisons. In a strict sense, the two are the same; however, 
differences in the manufacturing process may lead to 
variations in performance. For instance, when mineral oil 
distributed by Sigma Aldrich was compared to that distributed 
by BDH, the BDH product was found to be embryotoxic as 
compared to the Sigma Aldrich product (0% vs. 11 % murine 
morula, P < 0.05), and remained toxic even after washing 
with culture media [73]. In another study, when the same 
Sigma product was pre-washed and compared to OvOil 
(“light paraffin oil”; VitroLife, Inc), significantly fewer 
morulae and blastocysts formed as compared with those in 
OvOil (30.6% vs. 44.8%, P < 0.05) [74]. Manufacturing 
considerations aside, it appears that mineral oil may be a 
better choice for use in embryo culture systems than sili-
cone oil because of its hydrophobic properties. While both 
oil types absorb hydrocarbon compounds from the media, 
seven times more radiolabelled estrogen diffused from 

innoculated drops into pristine media drops when the drops 
were plated under silicone oil as compared to mineral oil [75]. 
Furthermore, twice as many blastocysts were formed when 
bovine eggs were inseminated and cultured under paraffin 
oil as compared to silicone oil (28.0 ± 6.0 vs. 14.0 ± 9.0, 
P < 0.001) [76], a finding that was constant across two dif-
ferent lots of silicone oil.

Consideration should also be given to the potential adverse 
effects of lot-to-lot variation of oil. As with lot-to-lot variation 
of any product, these variations can be very subtle and difficult 
to track back, but can cause major problems in embryo 
culture performance. For instance, in one study, although 
two different lots of silicone oil produced comparable blasto-
cyst formation rates (14% and 15% respectively) during 
fresh culture, none of the vitrified embryos from one lot 
survived the thaw process [76]. Lot variations in oil may be 
due to a myriad of variables. However, at least one study 
indicates that it may be attributable, at least in part, to 
variations in the peroxide value (POV), an indicator of oil 
oxidation associated with molecular oxygen [77]. In this 
study, one “bad” batch of oil was found to have 2.97 mEq/kg 
POV, whereas the control batch of oil that supported normal 
embryo development had 0 mEq/kg POV. This study is 
interesting in that it postulates that shelf-life and storage 
conditions can greatly effect oil performance. We have also 
observed this phenomenon. Using a mouse one-cell assay, 
mineral oil was tested the same week it was delivered or at 
various intervals up to 30 weeks of storage at room tempera-
ture in the dark (Fig. 41.6). While these storage criteria are 
well within the 1 year shelf-life per the manufacturer, we 
found significantly lower blastocyst formation rates as soon 
as 9 weeks after delivery. Therefore, we now limit the use of 
oil to within 6 weeks of the delivery date.

Fig. 41.6 Shelf life of oil. Fresh mouse embryos 
were cultured from the one cell stage through to 
blastocyst stage using HF10 in organ culture dishes 
with a 1 ml oil overlay. Data are reported as percent 
blastocyst development per 2-cell embryo (bivariate 
scattergram with regression line and 95% 
confidence bands as shown on the graph)
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41.4.7.1  Dish Equilibration, Number of Observations 
and Media Renewal During Culture

Since temperature and pH affect embryo development, care 
needs to be taken to ensure complete equilibration of all 
media before use and during the culture period. However, 
few studies report the optimum equilibration time for culture 
solutions, perhaps because so many different culture systems 
are available. Nevertheless, of all the factors that come into 
play, it appears that pre-equilibration of dishes for 16–20 h in 
elevated CO

2
 (typically 5–6%) with at least a 2 h pre-incuba-

tion at 37°C is required [78].
There are also very few studies, which address the effect 

on embryonic development of the number of times the 
embryos are taken out of the incubator. In one rather poorly 
described study, no differences in mouse blastulation rates 
were observed when embryos were examined at 24, 48, and 
72 h intervals [79]. Thus, while frequent observation is not 
recommended, it appears not to harm embryos when done in 
an efficient manner. Indeed, it may be beneficial in order to 
derive cumulative developmental scores on embryos during 
culture (see Chap. 44).

It is unclear as to whether or not media renewal during the 
culture period is necessary. On the one hand, renewal has 
been shown to eliminate the build up of potentially harmful 
by products such as ammonia during culture [80]. On the 
other hand, it has been postulated that embryos condition 
media by autocrine secretion as they grow. In at least two 
studies, increased survival rates were obtained by renewal of 
the media [81, 82] and in another, changing media improved 
day 6 blastocyst rates, but only in serum-free media [83]. 
These data conflict with those from two other studies which 
found that media renewal either resulted in a decrease in the 
hatched blastocyst to blastocyst ratio [69] or had no effect 
[61]. Thus, it is likely that any benefit to culture media 
renewal is media-specific and dependent upon the duration 
of embryo culture.

41.5  Oocyte and Embryo Handling 
Strategies

41.5.1  Insemination Considerations

During the early days of human IVF, industry standards dic-
tated a 2–6 h incubation period between oocyte collection 
and insemination. Advances in both stimulation protocols 
and media formulations have made this topic worth revisiting. 
Two recent studies examining IVF insemination time post-
retrieval on clinical outcomes have reported conflicting 

results. In one study, pre-incubation of IVF eggs for increas-
ing hourly intervals (range: 1 to ³5 h) showed no effect on 
fertilization or ongoing pregnancy rates [84]. In contrast, 
another study showed that pre-incubation for less than 2.5 h 
or ³5.5 h resulted in significantly lower fertilization rates 
than the hourly intervals between these two time points [85]. 
The findings for ICSI inseminations are also conflicted. 
While some have found that there is no advantage to pre-
incubating the eggs prior to ICSI treatment [84–86], others 
have observed improved fertilization and embryo quality 
rates after pre-incubation for 2–4 h (180) or >3 h [87]. In 
fact, whether clinical outcome is impacted by the time inter-
val between cumulus-corona removal and ICSI requires fur-
ther resolution. Although the majority of IVF laboratories 
allow the lapse of 1 h between somatic cell removal and 
injection, at least one study has shown that this may not be 
necessary [86]. Given these contradictory findings, further 
research is clearly indicated. In the interim, it is recom-
mended that each IVF laboratory assess their own data to 
identify the optimum times for insemination and ICSI in 
their own setting. In our laboratory, we perform IVF insemi-
nations 4–6 h post-retrieval and ICSI injections at 4–5 h after 
retrieval, with allowance of a 1 h interval between cumulus-
corona removal and injection.

The optimum concentration of sperm used must maxi-
mize the percentage of diploid zygotes formed, and mini-
mize the incidence of polyspermic zygotes. In addition, 
consideration must be given to possible adverse effects of 
high numbers of sperm on embryo quality due to oxygen-
free radical release. Numerous studies have attempted to 
identify the optimum sperm concentration. However, it is 
difficult to compare these studies, because many do not stip-
ulate insemination conditions such as medium volume, or 
number of eggs inseminated [88–91]. Nevertheless, the 
weight of the evidence indicates that sperm concentrations 
ranging from 50,000 to 500,000/ml may be optimal for dip-
loid rates, although polyspermy may increase with increas-
ing concentrations [90, 91]. We therefore recommend that 
each laboratory perform trials within the same oocyte cohorts 
to identify the optimum sperm concentration to use within 
their own culture system. Furthermore, although increasing 
sperm numbers in cases of teratozoospermia appears to 
enhance fertilization rates, the quality of embryos appears 
compromised compared to those derived from ICSI [92]. 
Therefore, teratozoospermic patients having adequate num-
bers of motile sperm for standard insemination should be 
encouraged to utilize ICSI.

The timing of co-incubation of gametes should also be con-
sidered as it may affect fertilization and embryo quality. 
Although most clinics allow 16–18 h co-incubation of gam-
etes before the oocytes are checked for fertilization, there is 
evidence that as little as a 1 h co-incubation may be all that is 
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needed to maximize fertilization rates [93]. Furthermore, a 
prospective trial randomizing patients to different incubation 
times showed that cleavage rates may be superior in those 
embryos derived from reduced insemination time (55% vs. 
40% embryos at the 4–5 cell stage on day 2, after 1 h vs. 16 h 
co-incubation, respectively; P < 0.005) [93]. These findings 
were confirmed in another prospective randomized study [94], 
which also showed higher implantation (24.6% vs. 12.1%, 
P < 0.003) and pregnancy rates (48.4% vs. 28.6%, P < 0.002) 
for those embryos derived after short gamete co-incubation as 
compared to those from overnight incubations. Given these 
consistent findings, the efficacy of co-incubation of oocytes 
and sperm for 1–2 h should at least be tested by each labora-
tory when devising a standard insemination protocol.

41.5.2  Timing Fertilization Checks

The timing of formation of the pronuclei is dependent on the 
insemination method [95]. When sibling oocytes were sub-
jected to either ICSI or IVF insemination, Nagy et al. observed 
that two pronuclei are visible as early as 6 h post ICSI and 
their visibility peaks between 10 and 12 h, with a slight decline 
by 18 h. In contrast, the pronuclei in IVF inseminated oocytes 
are delayed in their appearance, first being visible at approxi-
mately 8 h post insemination, with peak visibility at 18 h. 
Additionally, a 4-h time lag was noted with the start of the first 
cleavage division: ICSI embryos began cleaving at 20 h post 
ICSI whereas IVF embryos did so 24 h post insemination. 
Therefore, although current dogma is to perform the fertiliza-
tion check between 16 and 18 h after routine insemination or 
ICSI, pronuclear formation is best visualized between 10 h 
and before 18 h for ICSI oocytes, and between 18 and 20 h for 
IVF oocytes. However, definitive windows for optimal visual-
ization probably depend on the insemination medium, and 
should be established within each laboratory.

41.5.3  Embryo Density Issues

The number of oocytes and embryos cultured per drop must 
also be considered. While it is advantageous to use single 
embryo culture techniques in order to determine characteristics 
that support embryo developmental potential, data derived from 
animal experiments suggest that this may not be best for human 
eggs and embryos. However, most of the animal work has been 
performed in multi-ovulatory species wherein evolutionary 
mechanisms may favor inter-embryo co-operativity and may 
not be relevant to the mono-ovulatory human. Furthermore, 
comparison of results in the animal experiments is complicated 
by variances in media volume and grouping sizes.

In five of six animal studies, embryo development was 
improved with embryo co-culture; however, these improve-
ments were affected by the number of embryos per drop and 
medium volume [82, 96–100]. Of concern when using group 
culture, however, is the effect that degenerating embryos may 
have on others in the group. Indeed, when degenerating 
embryos were added to group culture, the cell numbers in 
blastocysts were significantly reduced [99]. The results from 
human studies are a little less clear. In at least two studies, 
improved cleavage and pregnancy rates were seen when 
embryos were cultured in groups [101, 102]; yet in two others 
studies, no differences were seen in blastocyst formation rate 
or pregnancy rate when embryos were grown singly or in 
groups [103, 104]. Taken together, it appears that there may 
be no “right” way to culture human embryos with respect to 
embryo density. However, it may be prudent to use a single-
embryo culture strategy when one considers possible detri-
mental effects of degenerating embryos on those that are 
viable, coupled with the advantages that may be gained by 
maintaining a unique embryo identity for selection purposes.

41.5.4  Embryo Transfer Day

In the early days of IVF, embryos were typically transferred 
on day 1 or day 2 due to concerns about the ability of the 
in vitro systems to sustain embryo development and the 
appreciation that a high proportion of human embryos 
undergo arrest in culture. With improvements in culture 
media in the early ‘90s, the opportunity to prolong the dura-
tion of culture led to the more common practice of transfer-
ring embryos on day 3. By the late ‘90s, the introduction of 
blastocyst culture media provided the opportunity for extend-
ing the culture for at least a further 48 h to perform transfers 
on day 5 or 6. These collective advancements in culture 
media development have led to one of the most heated con-
troversies in ART: whether to transfer the embryos on day 3 
or day 5 (Fig. 41.7).

Fig. 41.7 Preimplantation developmental timeline in the human
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There are several theoretical advantages to culturing 
embryos to the blastocyst stage and performing a day 5 or 6 
transfer. They include: (1) improving synchronization of 
embryo development with uterine receptivity (cleavage 
stage embryos typically undergo development in the fallo-
pian tube with traversal of the utero-tubal junction at the 
morula stage 4–5 days after fertilization); (2) providing the 
possibility of in vitro embryo selection (lesser quality 
embryos arrest and developmentally competent embryos 
cross developmental milestones to reach the blastocyst 
stage); (3) reducing the risk of multiple gestations by trans-
ferring fewer superior quality embryos [105, 106]; and (4) 
allowing sufficient time between blastomere biopsy and 
genetic analysis for fresh transfer to be performed in cases 
of preimplantation genetic diagnosis, as first described by 
Hardy et al. [18].

An early study showed that blastocyst transfer may be 
beneficial in good prognosis patients having ³3, day three 
embryos with 8-cells [107]. This observation has been fur-
ther substantiated in a study with egg donors following 
stratification of cycles according to those having ³3 embryos 
with 7-cells [108]. Indeed, a recent Cochrane review evalu-
ating the benefit of day 5 vs. day 3 transfer has provided 
further evidence indicating a significant increase in preg-
nancy and livebirth rates in favor of blastocyst transfer in 
good prognosis patients (36.0 % vs. 29.4% livebirth rate, 
OR 1.35 95% CI 1.05–1.74) [109]. However, there are dis-
advantages associated with blastocyst transfer. These 
include: (1) the risk of not having any blastocysts available 
for transfer [106, 109]; (2) a reduction in the number of 
embryos frozen [109, 110]; (3) an increased risk of monozy-
gotic twinning [111]; and (4) an increased risk of the obstet-
rically more serious condition of monochorionic twinning 
[112]. Furthermore, animal data show that there may be 
increased induction of stress-activation proteins from 
pipetting [113], suggesting that increased embryo manipu-
lation involved with prolonged culture should be held to a 
minimum. It is clear, therefore, that whether to transfer on 
day 3 or day 5 should be evaluated on case-by-case basis 
with patients being thoroughly counseled.

Despite advances in culture media developments, it is 
highly probable that any in vitro culture system does not 
mimic the in vivo environment. If one accepts this prem-
ise, the question arises as to whether any patient popula-
tions may benefit from reduced culture times. In fact, in at 
least two recent studies, patients with low number of 
embryos did better undergoing embryo transfer on day 2 
instead of day 3 [114, 115]. These results may support fur-
ther investigation of returning to the earlier practice of per-
forming embryo transfers on day 2. However, based on a 
prospective randomized trial of day 1 vs. day 3 transfers, it 
seems unlikely that we will revert to transferring day 1 
embryos [116].

41.5.5  Somatic Cell Co-culture

Given that even the most state-of-the-art culture systems are 
unlikely to mimic precisely the in vivo uterine environment, 
several studies have investigated possible benefit of co-culturing 
embryos with somatic cells. These somatic cells have involved 
either culture with cumulus or membrana granulosa cells or 
with frozen-thawed endometrial cells. In the granulosa cell stud-
ies, overall results showed beneficial effects on embryo quality 
[117–119], and implantation and pregnancy rates [120]. In fact, 
in poor prognosis patients, these positive effects can be dramatic 
as evidenced by a 14-fold increase in the percentage of good 
quality embryos in patients who went from a system without 
co-culture, to use of co-culture in a subsequent cycle [118]. 
Similar beneficial results have been obtained using endometrial 
co-culture systems [121, 122]. These benefits are dependent 
upon the day of luteal phase endometrial biopsy with biopsies 
performed 5 days or more post-LH surge (range 5–12 days) 
supporting superior embryo development than those performed 
less than 5 days post LH-surge [122]. When comparing these 
two co-culture approaches (granulosa vs. endometrial), it is 
clear that the granulosa cell approach is less labor-intensive, 
involves less intervention with the patient, and appears to pro-
vide similar benefits. However, no published studies have com-
pared the two approaches head-to-head.

41.6  Developing Embryo Culture Techniques

In contrast to the dynamic properties that prevail in the 
in vivo environment provided by the Fallopian tube and uter-
ine fluids, current embryo culture systems are static in nature. 
Efforts to compensate for this static property involve the 
introduction of nutrients in a temporal sequence that attempt 
to match metabolic and amino acid composition with spe-
cific developmental stages. Alternatively, systems using 
microperfusion of media across eggs and embryos are being 
developed to provide an in vivo-like dynamic environment 
in vitro. Such systems are being tested with animal embryos 
[123–126] and include various perfusion technologies. One 
promising study showed improved cleavage and blastocyst 
formation rates in mouse embryos cultured in microchannels 
vs. microdrops under oil [124]. However, further research is 
needed to refine the systems and to establish efficacy for use 
in the clinical IVF laboratory.

41.7  Conclusions

When determining the best clinical embryo culture system to 
use, multiple components must be considered. These include 
macro and micro-environmental issues as well as media, 
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gamete and embryo handling, and culture duration choices. 
While it is important to test all these variables in one’s own 
laboratory and adapt protocols to maximize clinical results, 
one must respect the fact that we may never fully mimic the 
in vivo environment. Furthermore, the standard measures of 
performance of a clinical IVF laboratory (i.e., fertilization, 
implantation, and live-birth rates) may not target the most 
critical outcome: that of neonate health and long-term down-
stream effects on health of the child and adult.

References

 1. Schenk SL (1880) Des saugethieriei kumstlick befruchtet auBerh-
all-des mutterthiesus. As cited by RE Hammer 1998. Int J Dev 
Biol 42:833–839. Mitt Embr Inst KK Univer Wien 1:107–118

 2. Heape W (1890) Preliminary note on the transplantation and 
growth of mammalian ova within a uterine foster-mother. Proc R 
Soc Lond 48:457–458

 3. Pincus G, Enzmann EV (1934) Can mammalian eggs undergo nor-
mal development in vitro? Proc Natl Acad Sci U S A 20:121–122

 4. Hammond J (1949) Recovery and culture of tubal mouse ova. 
Nature 163:28–29

 5. Whitten WK (1957) Culture of tubal ova. Nature 179:1081–1082
 6. McLaren A, Biggers JD (1958) Successful development and birth 

of mice cultivated in vitro as early embryos. Nature182:877–878
 7. Chang MC (1959) Fertilization of rabbit ova in vitro. Nature 

84:466–467
 8. Hertig AT, Rock J (1949) Two human ova of the pre-villous stage, 

having a developmental age of about 8 and 9 days respectively. 
Contrib Embryol 33(213–221):169–186

 9. Steptoe PC, Edwards RG (1978) Birth after the reimplantation of 
a human embryo. Lancet 2:366

 10. Edwards RG, Bavister BD, Steptoe PC (1969) Early stages of fertiliza-
tion in vitro of human oocytes matured in vitro. Nature 221:632–635

 11. Edwards RG (2005) An astonishing journey into reproductive 
genetics since the 1950’s. Reprod Nutr Dev 45:299–306

 12. Trounson A, Mohr L (1983) Human pregnancy following cryo-
preservation, thawing and transfer of an eight-cell embryo. Nature 
305:707–709

 13. Chen C (1986) Pregnancy after human oocyte cryopreservation. 
Lancet 350:186–187

 14. Gordon JW (1988) Fertilization of human oocytes by sperm 
from infertile males after zona pellucida drilling. Fertil Steril 
50(1):68–73

 15. Palermo G, Joris H, Devroey P, Van Steirteghem AC (1992) 
Pregnancies after intracytoplasmic injection of single spermato-
zoon into an oocyte. Lancet 340:17–18

 16. Cohen J, Elsner C, Kort H, Malter H, Massey J, Mayer MP, Weimer 
K (1990) Impairment of the hatching process following IVF in the 
human and improvement of implantation by assisting hatching 
using micromanipulation. Hum Reprod 5(1):7–13

 17. Bolton VN, Wren ME, Parsons JH (1991) Pregnancies after 
in vitro fertilization and transfer of human blastocysts. Fertil Steril 
55(4):830–832

 18. Schoolcraft WB, Gardner DK, Lane M, Schlenker T, Hamilton F, 
Meldrum DR (1999) Blastocyst culture and transfer: analysis of 
results and parameters affecting outcome in two in vitro fertiliza-
tion programs. Fertil Steril 172(4):604–609

 19. Hardy K, Martin KL, Leese HJ, Winston RM, Handyside AH (1990) 
Human preimplantation development in vitro is not adversely 
affected by biopsy at the 8-cell stage. Hum Reprod 5(6):708–714

 20. Cohen J, Gilligan EW, Schimmel T, Dale B (1997) Ambient air 
and its potential effects on conception in vitro. Hum Reprod 12(8): 
1742–1749

 21. Boone WR, Higdon HL III, Skelton WD (2007) How to design 
and implement an assisted reproductive technology (ART) clean-
room. Clin Emb 10(4):5–17

 22. Higdon HL III, Blackhurst DW, Boone WR (2008) Incubator 
management in an assisted reproductive technology laboratory. 
Fertil Steril 89(3):703–710

 23. Merton JS, Vermeulen ZL, Otter T, Mullaart E, De Ruigh L, Hasler 
JF (2007) Carbon-activated gas filtration during in vitro culture 
increased pregnancy rate following transfer of in vitro-produced 
bovine embryos. Theriogenology 67:1233–1238

 24. Hirao Y, Yanagimanchi R (1978) Temperature dependence of 
sperm-egg fusion and post-fusion events in hamster fertilization. 
J Exp Zool 205:433–438

 25. Wang WH, Meng L, Hackett RJ, Odenbourg R, Keefe DL (2001) 
Limited recovery of meiotic spindles in living human oocytes after 
cooling-rewarming observed using polarized light. Hum Reprod 
16(11):2374–2378

 26. Scott L (2004) Microanalysis of rapid temperature fluctuations in 
IVF culture systems. Clin Emb 7(4):1–6

 27. Cooke S, Tyler JPP, Driscoll G (2002) Objective assessments of 
temperature maintenance using in vitro culture techniques. J Assist 
Reprod Genet 19(8):368–375

 28. Fujiwara M, Takahashi K, Izuno M, Duan YR, Kazono M, Kimura 
F, Noda Y (2007) Effect of micro-environment maintenance on 
embyo culture after in-vitro fertilization: comparison of top-loading 
mini incubator and conventional front-load incubator. J Assist 
Reprod Genet 24:5–9

 29. Takenaka M, Horiuchi T, Yanagimachi R (2007) Effects of light on 
development of mammalian zygotes. Proc Natl Acad Sci U S A 
104:14289–14293

 30. Hirao Y, Yanagimanchi R (1978) Detrimental effects of visible light 
on meiosis of mammalian eggs in vitro. J Exp Zool 206:365–370

 31. Fischer B, Schumacher A, Hegel-Hartung C, Beier HM (1988) 
Potential risk of light and room temperature exposure to preim-
plantation embryos. Fertil Steril 50(6):938–944

 32. Oh SJ, Gong SP, Lee ST, Lee EJ, Lim JM (2007) Light intensity 
and wavelength during embryo manipulation are important factors 
for maintaining viability of preimplantation embryos in vitro. 
Fertil Steril 88(S2):1150–1157

 33. Desmet KD, Paz DA, Corry JJ, Eells JT, Wong-Riley MTT, Henry 
MM, Buchman EV, Connelly MP, Dovi JV, Liang HL, Henshel DS, 
Yeager RL, Millsap DS, Lim J, Gould LJ, Das R, Jett M, Hodgson 
BD, Margolis D, Whelan HT (2006) Clinical and Experimental 
Applications of NIR-LED Photobiomodulation. Photomed Laser 
Surg 24(2):121–128

 34. Ottosen LDM, Hindkjaer J (2007) Light exposure of the ovum and 
perimplantation embryo during ART procedures. J Assist Reprod 
Genet 24:99–103

 35. Bedford JM, Dobrenis A (1989) Light exposure of oocytes and 
pregnancy rates after their transfer in the rabbit. J Reprod Fertil 
85(2):477–481

 36. Jackson KV, Kiessling AA (1989) Fertilization and cleavage of 
mouse oocytes exposed to the conditions of human oocyte retrieval 
for in vitro fertilization. Fertil Steril 51(4):675–681

 37. Barlow P, Puissant F, Van Der Zwalmn P, Vandromme J, Trigaux 
P, Leroy F (1992) In Vitro fertilization, development and implanta-
tion after exposure of mature mouse oocytes to visible light. Mol 
Reprod Dev 33:297–302

 38. Van Blerkom J, Antczak M, Schrader R (1997) The developmental 
potential of the human oocyte is related to the dissolved oxygen 
content of follicular fluid: association with vascular endothelial 
growth factor levels and perifollicular blood flow characteristics. 
Hum Reprod 12:1047–1055



630 K.V. Jackson and C. Racowsky

 39. Ottosen LDM, Hindkjaer J, Husth M, Petersen DE, Kirk J, 
Ingerslev HJ (2006) Observations on intrauterine oxygen tension 
measured by fiber-optic micro sensors. Reprod Biomed Online 
13(3):380–385

 40. Dumoulin JCM, Meijers CJJ, Bras M, Coonen E, Geraedts JPM, 
Evers JLH (1999) Effect of oxygen concentraion on human 
in-vitro fertilization and embryo culture. Hum Reprod 14(2): 
465–469

 41. Bahceci M, Ciray HN, Karagnec L, Ulug U, Bener F (2005) Effect 
of oxygen concentration during the incubation of embryos of 
women undergoing ICSI and embryo transfer: a prospective ran-
domized study. Reprod Biomed Online 11(4):438–443

 42. Rinaudo PF, Giritharan G, Talbi S, Dobson AT, Schulz RM (2006) 
Effects of oxygen tension on gene expression in preimplantation 
mouse embryos. Fertil Steril 86(3):1252–1265

 43. Hugentobler S, Morris DG, Kane MT, Sreenan JM (2004) In 
situ oviduct and uterine pH in cattle. Theriogenology 61(7–8): 
1419–1427

 44. Dale B, Menezo Y, Cohen J, DiMatteo L, Wilding M (1998) 
Intracellular pH regulation in the human oocyte. Hum Reprod 
13(4):964–970

 45. Phillips KP, Leveill MC, Claman P, Baltz JM (2000) Intracellular 
pH regulation in human preimplantation embryos. Hum Reprod 
15(4):896–904

 46. Pool TB (2004) Optimizing pH in Clinical Embryology. Clin Emb 
7(3):1–17

 47. Ham RG (1963) An improved nutrient solution for diploid chinese 
hamster and human cell lines. Exp Cell Res 29:515–526

 48. Quinn P, Kerin JF, Warnes GM (1985) Improved pregnancy rate in 
human in vitro fertilization with the use of a medium based on the 
composition of human tubal fluid. Fertil Steril 44(4):493–498

 49. Winkel P, Statland BE, Bokelund H (1974) Factors contributing to 
intra-individual variation of serum constituents: 5. Short term day-
to-day and within-hour variation of serum constituents in healthy 
subjects. Clin Chem 20(12):1520–1527

 50. Travis AJ, Tuntuncu L, Jorgez CJ, Ord TS, Jones BH, Kopf GS, 
Williams CJ (2004) Requirement for glucose beyond sperm capac-
ititation during In vitro fertilization in the mouse. Biol Reprod 
71:139–145

 51. William AC, Ford WCL (2001) The role of glucose in supporting 
motility and capacitation in human spermatozoa. J Androl 22(4): 
680–695

 52. Lane M, Gardner DK (1997) Differential regulation of mouse 
embryo development and viability by amino acids. J Reprod Fertil 
109(1):153–164

 53. Lemeire K, Van Merris V, Cortvrindt R (2007) The antibiotic 
streptomycin assessed in a battery of in vitro tests for reproductive 
toxicology. Toxicol In Vitro 21(7):1348–1353

 54. Magli MC, Gianaroli L, Fiorentino A, Ferraretti AP, Fortini D, 
Panzella S (1996) Improved cleavage rate of human embryos cul-
tured in antibiotic-free medium. Hum Reprod 11(7):1520–1524

 55. Aoki VW, Wilcox AL, Peterson CM, Parker-Jones K, Hatasaka 
HH, Gibson M, Huang I, Carrell DT (2005) Comparison of four 
media types during 3-day human IVF embryo culture. Reprod 
Biomed Online 10(5):600–606

 56. Urman B, Yakin K, Ata B, Isiklar A, Balaban B (2007) Effect of 
hyaluronan-enriched transfer medium on implantation and preg-
nancy rates after day 3 and day 5 embryo transfers; a prospective 
randomized study. Fertil Steril: PMID17936283 90(3):604–612

 57. Friedler S, Schachter M, Strassburger D, Ester K, Ron El R, Raziel 
A (2007) A randomized clinical trial comparing recombinant 
hyaluronan/recombinant albumin versus human tubal fluid for 
cleavage stage embryo transfer in patients with multiple IVF-
embryo transfer failure. Hum Reprod 22(9):2444–2448

 58. Cooke S, Quinn P, Kime L, Ayres C, Tyler JPP, Driscoll GL (2002) 
Improvement in early human embryo development using new 

formulation sequential stage-specific culture media. Fertil Steril 
78(6):1254–1260

 59. Van Langendonckt A, Demylle D, Wyns C, Nisolle M, Donnez J 
(2001) Comparison of G1.2/G2.2 and Sydney IVF cleavage/blas-
tocyst sequential media for the culture of human embryos: a 
prospective, randomized, comparative study. Fertil Steril 76(5): 
1023–1031

 60. Hentemann M, Bertheussen K (2009) New media for culture to 
blastocyst. Fertil Steril: PMID18321494 91(3):878–883

 61. Biggers JD, Racowsky C (2002) The development of fertilized 
human ova to the blastocyst stage in medium KSOMAA: is a 
two-step protocol necessary? Reprod Biomed Online 5(2): 
133–140

 62. Macklon NS, Pieters MHEC, Hassan MA, Jeucken PHM, 
Eijkemans MJC, Fauser BCJM (2002) A prospective randomized 
comparison of sequential versus monoculture systems for in-vitro 
human blastocyst development. Hum Reprod 17(10):2700–2705

 63. Biggers JD, McGinnis LK, Lawitts JA (2005) One-step versus 
two-step culture of mouse preimplantation embryos: is there a dif-
ference? Hum Reprod 20:3376–3384

 64. Gardner DK, Lane M, Calderon I, Leeton J (1996) Environment of 
the preimplantation human embryo in vivo: metabolite analysis of 
oviduct and uterine fluids and metabolism of cumulus cells. Fertil 
Steril 65:349–353

 65. Biggers JD, Lawitts J (1991) Optimization of mouse embryo culture 
media using simplex methods. J Reprod Fertil 91(2):543–556

 66. Doherty AS, Mann MRW, Tremblay KD, Bartolomei MS, Schultz 
RM (2000) Differential effects of culture on imprinted H19 
expression in the preimplantation mouse embryo. Biol Reprod 
62:1526–1535

 67. Sherbahn R, Frasor J, Radwanska E, Binor Z, Wood-Molo M, 
Hibner M, Mack S, Rawlins RG (1996) Comparison of mouse 
embryo development in open and microdrop co-culture systems. 
Hum Reprod 11(10):2223–2229

 68. Petersen CG, Mauri AL, Massaro FC, Oliveira JBA, Baruffi RLR, 
Franco Jr JG (2005) Human ICSI embryo: development and 
implantation in open and microdrop culture systems. ESHRE, 21st 
annual meeting, p 439

 69. Fukui Y, Lee E, Araki N (1996) Effect of medium renewal during 
culture in two different culture systems on development to blasto-
cysts from in vitro produced early bovine embryos. J Anim Sci 
74:2752–2758

 70. Ozawa M, Nagai T, Kaneko H, Noguchi J, Ohnuma K, Kikuchi K 
(2006) Successful pig embryonic development in vitro outside a 
CO2 gas-regulated incubator: effects of pH and osmolality. 
Theriogenology 65:860–869

 71. Miller KF, Goldberg JM, Collins RL (1994) Covering embryo cul-
tures with mineral oil alters embryo growth by acting as a sink for 
an embryotoxic substances. J Assist Reprod Genet 11(7):342–345

 72. Expert Committee on Food Additives (1970) Toxicological evalu-
ation of some extraction solvents and certain other substances. 
World Health Organ Tech Rep Ser:14th report

 73. Lee S, Cho M, Kim E, Kim T, Lee C, Han J, Lim J (2004) 
Renovation of a drop embryo cultures system by using refined 
mineral oil and the effect of glucose and/or hemoglobin added to a 
serum-free medium. J Vet Med Sci 66(1):63–66

 74. Tae JC, Kim EY, Lee WD, Park SP, Lim JH (2006) Sterile filtered 
paraffin oil supports in vitro developmental competence in bovine 
embryos comparable to co-culture. J Assist Reprod Genet 
23(3):121–127

 75. Miller KF, Pursel VG (1987) Absorption of compounds in medium 
by the oil covering microdrop cultures. Gamete Res 17:57–61

 76. Van Soom A, Mahmoudzadeh AR, Christophe A, Ysebaert MT, de 
Kruit A (2001) Silicone oil used in microdrop culture can affect 
bovine embryonic development and freezability. Reprod Domest 
Anim 36:169–176



63141 Embryo Culture Techniques

 77. Otsuki J, Nagai Y, Chiba K (2007) Peroxidation of mineral oil 
used in droplet culture is detrimental to fertilization and embryo 
development. Fertil Steril 88(3):741–742

 78. Bavister BD, Poole KA (2004) Duration and temperature of 
culture medium equilibration affect frequency of blastocyst 
development. Reprod Biomed Online 10(1):124–129

 79. Zhu B, Walker SK, Maddocks S (2004) Optimisation of in vitro 
culture conditions in B6CBF1 mouse embryos. Reprod Nutr Dev 
44:219–231

 80. Lane M, Gardner DK (1994) Increase in postimplantation devel-
opment of cultured mouse embryos by amino acids and induction 
of fetal retardation and encephaly by ammonium ions. J Reprod 
Fertil 102(2):305–312

 81. Blum-Reckow B, Holtz W (1991) Transfer of porcine embryos 
after 3 days of in vitro culture. J Anim Sci 69(8):335–3342

 82. Fujita T, Umeki H, Shimura H, Kugumiya K, Shiga K (2006) Effect 
of group culture and embryo-culture conditioned medium on devel-
opment of bovine embryos. J Reprod and Dev 52(1):137–142

 83. Carolan C, Lonergan P, Van Langendockt A, Mermilod P (1995) 
Factors affectiing bovine embryos development in synthetic ovi-
duct fluid following oocyte maturation and fertilization in vitro. 
Theriogenology 43(6):115–1128

 84. Jacobs M, Stolwijk AM, Wetzels AMM (2001) The effect of 
insemination/injection time on the results of IVF and ICSI. Hum 
Reprod 16(8):1708–1713

 85. Ho JY-P, Chen M-J, Yi Y-C, Guu H-F, Ho ESC (2003) The effect 
of preincubation period of oocytes on nuclear maturity, fertiliza-
tion rate, embryo quality, and pregnancy outcome in IVF and ICSI. 
J Assist Reprod Genet 20(9):358–364

 86. Van de Velse H, De Vos A, Jris H, Nagy ZP, Van Steirteghem AC 
(1998) Effect of timing of oocyte denudation and micro-injection 
on survival, fertilization and embryo quality after intracytoplasmic 
sperm injecton. Hum Reprod 13(11):3160–3164

 87. Rienzi L, Ubaldi F, Anniballo R, Cerulo G, Greco E (1998) 
Preincubation of human oocytes may improve fertilization and 
embryo quality after intracytoplasmic sperm injection. Hum 
Reprod 13(4):1014–1019

 88. Abir R, Orvieto R, Raanani H, Fisch B, Schoenfeld A, Ginton D, 
Nitke S, Ben Rafael Z (2000) Can varying the number of sperma-
tozoa used for insemination improve in vitro fertilization rates. 
J Assist Reprod Genet 17(7):397–399

 89. Wolf DP, Byrd W, Dandekar P, Quigley MM (1984) Sperm con-
centration and the fertilization of human eggs in vitro. Biol Reprod 
31:837–848

 90. Dumoulin JCM, Bras M, Land JA, Pieters HEC, Enginsu ME, 
Geraedts JPM, Evers JLH (1992) Effect of number of inseminated 
spermatozoa on subsequent uman and mouse embryonic develop-
meny in vitro. Hum Reprod 7(7):1010–1013

 91. Van der Ven HH, Al-Hasani S, Diedrich K, Hamerich U, Lehmann F, 
Krebs D (1985) Polyspermy in in vitro fertilization of human oocytes: 
frequency and possible causes. Ann N Y Acad Sci 442:88–95

 92. Oehninger S, Kruger TF, Simon T, Jones D, Mayer J, Lanzendorf 
S, Toner JP, Muasher SJ (1996) A comparative analysis of embryo 
implantation potential in patients with severe teratozoospermia 
undergoing in-vitro fertilization with a high concentration or intra-
cytoplasmic sperm injection. Hum Reprod 11:1086–1089

 93. Gianaroli L, Fiorentino A, Magli MC, Ferraretti AP, Montanaro N 
(1996) Prolonged sperm-oocyte exposure and high sperm concen-
tration affect human embryo viability and pregnancy rate. Hum 
Reprod 11(11):2507–2511

 94. Kattera S, Chen C (2003) Short coincubation of gametes in in vitro 
fertilization improves implantation and pregnancy rates; a prospec-
tive, randomized, controlled study. Fertil Steril 80(4):1017–1021

 95. Nagy ZP, Janssenswillen C, Janssens R, De Vos A, Staessen C, 
Van de Velde H, Van Steirteghem AC (1998) Timing of oocyte 
activation, pronucleus formation and cleavage in humans after 

intracytoplasmic sperm injection (ICSI) with testicular spermato-
zoa and after ICSI or in-vitro ferlilization on sibling oocytes with 
ejaculated spermatozoa. Hum Reprod 13(6):1606–1612

 96. Palasz AT, Thundathil J (1998) The effect of volume of culture 
medium and embryo density on in vitro development of bovine 
embryos. Theriogenology 49(1):212

 97. Canseco RS, Sparks AET, Pearson RE, Gwazdauskas FC (1992) 
Embryo density and medium volume effects on early murine 
embryo development. J Assist Reprod Genet 9(5):454–457

 98. de Oliveira AT, Lopes RF, Rodrigues JL (2005) Gene expression 
and developmental competence of bovine embros produced 
in vitro under varying embryo density conditions. Theriognology 
64(7):1559–1572

 99. Salahuddin S, Ookutsu S, Goto K, Nakanishi Y, Nagata Y (1995) 
Effects of embryo density and co-culture of unfertilized oocytes 
on embryonic development of in-vitro fertilized mouse embryos. 
Hum Reprod 10(9):2382–2385

 100. Fukuja Y, Kikuchi Y, Kondo H, Mizushima S (2000) Fertizability 
and developmental capacity of individually cultured bovine 
oocytes. Theriogenology 53:1553–1585

 101. Moessner J, Dodson WC (1995) The quality of human embryo 
growth is improved when embryos are cultured in groups rather 
than separately. Fertil Steril 64(5):1034–1035

 102. Almagor M, Bejar C, Kafka I, Yaffe H (1996) Pregnancy rates after 
communal growth of preimplantation human embryos in vitro. 
Fertil Steril 66(3):394–397

 103. Rijnders PM, Jansen CAM (1999) Influence of group culture and 
culture volume on the formation of human blastocysts: a prospec-
tive randomized study. Hum Reprod 14(9):2333–2337

 104. Spyropoulos I, Karamalegos C, Bolton VN (1999) A prospective 
randomixed study comparing the outcome of in vitro fertilization 
and embryo transfer following culture of human embryos individ-
ually or in groups before embryo transfer on day 2. Hum Reprod 
14(1):76–79

 105. Gardner DK, Vella P, Lane M et al (1998) Culture and transfer of 
human blastocysts increases implantation rates and reduces the 
need for multiple embryo transfers. Fertil Steril 69:84–88

 106. Gardner DK, Schoolcraft WB, Wagley L, Schlenker T, Stevens J, 
Hesla J (1998) A prospective randomized trial of blastocyst culture 
and transfer in in-vitro fertilization. Hum Reprod 13:3434–3440

 107. Racowsky C, Jackson KV, Cekleniak NA, Fox JH, Hornstein MD, 
Ginsburg ES (2000) The number of eight cell embyros is a key 
determinant for selecting day 3 or day 5 transfer. Fertil Steril 
73:558–564

 108. de los Santos MJ, Mercader MJ, Galan A, Albert C, Romero JL, 
Pellicer A (2003) Implantation rates after two, three, or five days 
of embryo culture. Placenta 24(b):S13–S19

 109. Blake DA, Farquhar CM, Johnson N, Proctor M (2007) Cleavage 
stage versus blastocyst stage transfer in assisted conception. 
Cochrane Database Syst Rev 4:CD002118

 110. Papanikolaou E, Camus M, Kolibianakis E et al (2006) In vitro 
fertilization with single blastocyst-stage versus single cleavage-
stage embryos. N Engl J Med 354:1139–1146

 111. Behr B, Fisch JD, Racowsky C, Miller K, Poole TB, Milki AA 
(2000) Blastocyst-ET and monozygotic twinning. J Assist Reprod 
Genet 17:349–351

 112. Skiadas CC, Missmer SA, Benson CB, Gee RE, Racowsky C 
(2008) Risk factors associated with pregnancies containing a 
monochorionic pair following assisted reproductive technologies. 
Hum Reprod: PMID:18378561 23(6):1366–1371

 113. Xie Y, Wang F, Puscheck EE, Rappolee DA (2007) Pipetting 
causes shear stress and elevation of phosphorylated stress-acti-
vated protein kinase/jun kinase in preimplantation embryos. Mol 
Reprod Dev 74:1287–1294

 114. Shen S, Rosen MP, Dobson AT, Fujumoto VY, McCulloch CE, 
Cedars MI (2006) Day 2 transfer improves pregnancy outcome in 



632 K.V. Jackson and C. Racowsky

in vitro fertilization cycles with few available embryos. Fertil 
Steril 86(1):44–50

 115. Bahceci M, Ulug U, Ciray HN, Akman MA, Erden HF (2006) 
Efficiency of changing the embryo transfer time from day 3 to day 
2 among women with poor ovarian response: a prospective 
randomized trial. Fertil Steril 86(1):81–85

 116. Jaroudi K, Al-Hassan S, Sieck U, Al-Sufyan H, Al-Kabra NM, 
Coskun S (2004) Zygote transfer on day 1 versus cleavage stage 
embryo transfer on day 3: a prospective randomized trial. Hum 
Reprod 19(3):645–648

 117. Mansour RT, Aboulghar MA, Serour GI, Abbass AM (1994) 
Co-culture of human pronucleate oocytes with their cumulus cells. 
Hum Reprod 9(9):1727–1729

 118. Dirnfeld M, Goldman S, Gonen Y, Koifman M, Calderon I, 
Abramovici H (1997) A simplified coculture system with luteinized 
granulosa cells improves enbryo quality and implantation rates, a 
controlled study. Fertil Steril 67:120–122

 119. Fabbri R, Porcu E, Marsella T, Primavera MR, Cecconi S, Nottola 
SA, Motta PM, Venturoli S, Flamigni C (2000) Human embryo 
development and pregnancies in an homologous granulosa cell 
coculture system. J Assist Reprod Genet 17(1):1–12

 120. Parikh FR, Nadkarni SG, Naik NJ, Naik DJ, Uttamchandani SA 
(2006) Cumulus coculture and cumulus-aided embryo transfer 

increases pregnancy rates in patients undergoing in vitro fertilization. 
Fertil Steril 86(4):839–847

 121. Spandorfer SD, Pascal P, Parks J, Clarke R, Veeck L, Davis OK, 
Rosenwaks Z (2004) Autologous endometrial co-culture in patients 
with IVF failure: outcome of the first 1030 cases. J Reprod Med 
49(6):463–467

 122. Spandorfer SD, Barmat LI, Navarro J, Hung-Ching L, Veeck L, 
Rosenwaks Z (2002) Importance of the biopsy day in autologous 
endometrial co-cultures for patients with multiple implantation 
failures. Fertil Steril 77:1209–1213

 123. Thompson JG (2006) Culture without the petri-dish. Theriogenology 
67(1):16–20

 124. Raty S, Walters EM, Davis J, Zeringue H, Beebe DJ, Rodriguez-
Zas S, Wheeler MB (2004) Embryonic development in the 
mouse is enhanced via microchannel culture. Lab Chip 4: 
186–190

 125. Suh RS, Zhu X, Phadke N, Ohl DA, Takayama S, Smith GD 
(2006) IVF within microfluidic channels requires lower total 
numbers and lower concentrations of sperm. Hum Reprod 21(2): 
477–483

 126. Walters EM, Clark SG, Beebe DJ, Wheeler MB (2004) Mammalian 
embryo culture in a microfluidic device. Methods Mol Biol 254: 
375–382



633

Abstract Since the birth of the first in-vitro fertilization 
(IVF) baby in 1978 [1], assisted reproductive technologies 
(ART) have helped thousands of couples to have children 
through the use of ovarian stimulation [2]. IVF was first 
performed in a natural cycle without any hormonal stimu-
lation, and the oocyte retrieval was performed laparoscop-
ically. However, natural cycle IVF was soon replaced by 
ovarian stimulation with clomiphene and gonadotropins 
to increase the number of oocytes available for retrieval. 
Although the opportunity to transfer multiple embryos 
and to select the highest-quality embryo(s) for transfer has 
improved the pregnancy rates remarkably, hormonal ovar-
ian stimulation presents inherent risks, the most important 
of which is ovarian hyperstimulation syndrome (OHSS), a 
potentially life-threatening condition. Women with poly-
cystic ovaries (PCO) and/or polycystic ovary syndrome 
(PCOS) undergoing ovarian stimulation are at increased 
risk of OHSS [3]. Severe OHSS affects 1–2% of all 
women undergoing controlled ovarian stimulation and up 
to 6–11% of women with PCO or PCOS [4, 5]. Although 
various strategies have been undertaken to reduce the risk 
of OHSS, the only way to eliminate it is to avoid ovarian 
stimulation altogether [6]. Hormonal ovarian stimulation 
has other disadvantages; it is an expensive treatment, espe-
cially due to the high cost of commercial gonadotropins. 
Patients must also be meticulously monitored by ultra-
sound examinations and serum estradiol measurements, 
which also increase the cost of treatment. In addition, it 
may not be preferred by women because of the inconve-
nience of daily injections and side effects such as bloating, 
breast tenderness, mood swings, and nausea. All of these 
factors can be major deterrents not only to women who 
are using their own oocytes but also to potential oocyte 
donors, who may decline undergoing the procedure due to 
its inherent risks [7]. In-vitro maturation (IVM) of imma-

ture oocytes obtained in an unstimulated cycle seems to 
provide a good alternative for these women, as it elimi-
nates the risk of OHSS, simplifies monitoring, reduces the 
cost of treatment, and results in fair pregnancy outcomes 
particularly in young age groups.

Keywords Oocyte • Ovarian stimulation • OHSS • IVM 
• PCOS

42.1  History and Development of IVM  
of Human Oocytes

In 1983, Veeck et al. reported two pregnancies resulting from 
in-vitro matured oocytes [8]. These morphologically imma-
ture oocytes were recovered from human menopausal gonad-
otropin (HMG) and/or follicle stimulating hormone (FSH) 
and human chorionic gonadotropin (hCG) primed cycles in 
an in-vitro fertilization (IVF) program. This was followed by 
the report of Cha et al. in 1991 announcing a pregnancy in an 
oocyte recipient resulting from the fertilization of in-vitro 
matured oocytes obtained from unstimulated ovaries of 
another woman on cycle day 13 by direct aspiration during a 
gynecologic surgery [9].

The work leading to the eventual success of the IVM of 
human oocytes began in the 1930s, with Pincus, Enzman, 
and Saunders, who studied the in-vivo and in-vitro matura-
tion of mammalian including human oocytes [10, 11]. 
They observed that when oocytes were removed from the 
follicles they spontaneously resumed meiosis and pro-
gressed to the metaphase-II (M-II) stage in the culture, as 
they do in vivo. In 1965, Edwards described the kinetics of 
oocyte maturation in vitro both in animals and in humans 
[12, 13]. He used the Tissue Culture Medium 199 (TCM-
199) supplemented with fetal calf serum to culture the 
immature human oocytes, and showed that meiosis was 
resumed in 80% of immature oocytes independent of cycle 
day and without gonadotropin support. Most human 
oocytes examined after 43 h in culture were in M-II and 
had extruded the first polar body. Soon after, Edwards 
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demonstrated that in-vitro matured human oocytes could 
be fertilized [14]; after insemination, 18 of the 34 oocytes 
that had matured in vitro had spermatozoa in the zona pel-
lucida and spermatozoa in the perivitelline space or pronu-
clei, indicating that most were undergoing fertilization.

Following the first report of IVM pregnancy obtained 
using in-vitro matured oocytes retrieved from the unstimu-
lated ovaries in 1991 [9], the first pregnancy in a woman 
with anovulatory infertility using her own immature 
oocytes recovered in an unstimulated cycle without FSH/
HMG or hCG priming was reported by Trounson et al. in 
1994 [15]. The following year, same group reported 
another pregnancy in a woman with PCOS through the use 
of IVM combined with intracytoplasmic sperm injection 
(ICSI), assisted hatching, and blastocyst culture [16]. 
Other pregnancies were reported through the use of in-
vitro matured oocytes recovered from unstimulated ovaries 
without hCG priming [17], and from ovaries stimulated by 
HMG but without hCG priming [18, 19] in 1990s. The first 
series of IVM treatments without FSH/HMG or hCG prim-
ing achieved a pregnancy rate of 27.1% and an implanta-
tion of 6.9% in 94 cycles in 64 women with PCOS where 
the average number of embryos transferred was 6.3 [20]. 
Indeed, the success rates of IVM remained low throughout 
most of the 1990s until the introduction of hCG priming 
prior to oocyte retrieval [21]. Chian et al. reported an 
implantation rate of 32% and a clinical pregnancy rate of 
40% in their series of 25 women with PCOS who under-
went oocyte retrieval 36 h following the administration of 
10,000 IU of hCG. Since then, hCG priming has widely 
been adopted by many centers but it has not become a uni-
versal practice as it has in conventional IVF/ICSI cycles 
with ovarian stimulation.

Today, all centers report lower IVM pregnancy and live-
birth rates compared with conventional IVF/ICSI cycles 
with hormonal ovarian stimulation. A case-control study 
of 107 IVM and 107 IVF cycles comparing the two meth-
ods in women with PCOS reported that the numbers of 
mature oocytes and embryos obtained in IVF cycles were 
significantly higher than that in IVM cycles, and implanta-
tion rate of IVF-derived embryos was also higher (17.1% 
vs. 9.5%) [5]. Furthermore, the final number of matured 
oocytes obtained in IVM cycles is relatively low compared 
with that in conventional stimulated cycles. In addition to 
lower oocyte numbers, the lower success rates in IVM 
might also be attributed to the asynchrony in the cytoplas-
mic and nuclear maturation of the oocyte, as well as the 
asynchrony in the endometrium. Therefore, investigators 
currently work on various strategies to improve IVM out-
comes. While some investigators try to improve the in-
vitro culture methods, others modify the clinical 
management of the treatment cycles to improve the quality 

and the number of the oocytes obtained and the endome-
trial synchrony.

42.2  Oocyte Maturation

42.2.1  Maturation In Vivo

Human oocytes stay arrested in prophase-I of meiosis dur-
ing fetal life [22]. Prophase-I is characterized by the pres-
ence of an intact nuclear envelope, germinal vesicle. The 
oocytes in primordial follicles remain in prophase-I until the 
reproductive age, when they begin to grow in cohorts. 
Oocyte maturation is defined as the reinitiation and comple-
tion of the first meiotic division through prophase-I to meta-
phase-II. Pituitary gonadotropins are required for in-vivo 
maturation of oocytes. FSH is required for early growth of 
the follicles and is also necessary for the induction of the 
LH receptors in pre-ovulatory follicles. Luteinizing hor-
mone initiates the resumption of meiosis in vivo in preovu-
latory oocytes.

Oocyte maturation is commonly referred to have two 
parts: nuclear maturation and cytoplasmic maturation. 
Nuclear maturation refers to the series of nuclear events 
starting with breakdown of the germinal vesicle in the pro-
phase-I stage oocyte, followed by chromatin condensation, 
formation of meiotic spindle, separation of homolog chro-
mosomes, polar body extrusion, and meiotic re-arrest at 
M-II stage until fertilization occurs [23]. While nuclear mat-
uration is in progress, “cellular machinery” supplies the 
necessary molecules, controls, and regulates the series of 
nuclear events in the oocyte. The cellular machinery con-
ducts mRNA and protein synthesis, modification and stor-
age of the necessary molecules, and the timely reactivation 
of these molecules. Cytoplasmic maturation refers to this 
cellular machinery and is as important as the successful 
nuclear maturation for the developmentally competent 
mature oocyte and the embryo that will be obtained by its 
fertilization. Metabolism of an oocyte is best characterized 
by active transcription and translation in the cytoplasm dur-
ing the preovulatory period. Developmental competence of 
the mature oocyte and the pre-embryo is dependent on 
mRNA and the protein accumulated in the cytoplasm during 
the follicular growth, since transcription ceases at the time 
of ovulation [24].

Cumulus cells play important roles in oocyte maturation 
in vivo. Human and other mammalian oocytes are surrounded 
by cumulus cells, which respond to gonadotropins and secrete 
various substances. Oocyte and cumulus cells are coupled by 
gap junctions, and cumulus cells control oocyte maturation 
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through many potential factors. In-vivo maturation of oocytes 
is an induced process and is triggered by the LH surge; how-
ever, because there are no LH receptors on oocytes, LH prob-
ably induces germinal vesicle breakdown by an indirect action 
through the cumulus cells. The pattern of protein synthesis is 
also different between oocytes with and without cumulus 
cells indicating that gonadotropins modulate the protein syn-
thesis pattern through cumulus cells [25].

42.2.2  Maturation In Vitro

It has been known for more than 70 years that immature 
oocytes can mature spontaneously when removed from the 
follicle. In-vivo maturation, on the other hand, is an induced 
process mediated by growth factors. It was suggested that 
untimely removal of the oocyte from its dynamic environ-
ment interrupts its in-vivo “capacitation” [26]. The deficien-
cies occurring during the maturation process will result in 
developmentally incompetent embryos and lower implanta-
tion rates. Therefore, the developmental competence of in-
vitro matured oocytes is profoundly affected by culture 
conditions. Most deficiencies during maturation are associ-
ated with cellular machinery rather than the nuclear repro-
gramming. Despite insufficiencies in cytoplasmic maturation, 
oocytes frequently reach the mature stage. Nevertheless, 
incompetence of cellular machinery during oocyte matura-
tion frequently causes a failure in embryonic development 
following fertilization. It was suggested that insufficient 
cytoplasmic maturation of the oocyte might fail to promote 
male pronuclear formation and might therefore increase 
chromosomal abnormalities after fertilization [27], and these 
abnormalities may result in an incompetent embryo in cleav-
age or peri-implantation stages. Some investigators sug-
gested inhibiting or delaying spontaneous nuclear maturation 
in vitro following oocyte retrieval to give oocyte a chance to 
complete its capacitation. As an example, increasing cyclic 
AMP of the environment by adding phosphodiesterase type 
3 inhibitor in media reversibly arrests the nuclear develop-
ment of human oocytes [28].

Aspirated immature oocytes are cultured in maturation 
medium with surrounding cumulus cells. IVM media 
include basic energy substrates and molecules that estab-
lish the required osmolarity and pH; and are often supple-
mented with patients’ serum or human serum albumin. 
Although gonadotropins are not required for in-vitro matu-
ration, FSH and LH are added in most IVM media based on 
their physiologic role in vivo. Indeed, it has been shown 
that supplementing IVM medium with FSH does not sig-
nificantly increase the ability of oocytes to reach M-II [29]. 
Nevertheless, oocytes exposed to FSH during culture have 

significantly higher fertilization [30] and cleavage rates 
[31, 32]. The actions of endocrine, paracrine, and autocrine 
factors controlling oocyte maturation in vivo and in vitro 
are mediated by cumulus cells. Culture medium supple-
mented with FSH and LH stimulates estrogen and proges-
terone secretions from the cumulus cells. Therefore, it is 
possible that the gonadotropins added in the culture medium 
may play a role in oocyte maturation through estrogen and 
progesterone [33]. It is believed that there are also oocyte-
secreted factors that help regulate normal cumulus cell 
function during oocyte maturation [26]. As the dynamic 
relations of oocyte-cumulus cells are further clarified, mod-
ifications in in-vitro oocyte culture systems are likely to 
improve the IVM outcomes.

42.3  IVM in Practice

42.3.1  Anovulatory Women

Implantation and pregnancy rates in IVM cycles have a 
strong correlation with the number of immature oocytes 
retrieved [34, 35]. The number of oocytes retrieved can be 
predicted by the antral follicle count (AFC), ovarian volume, 
and peak ovarian stromal velocity measured by doppler 
ultrasound during the early follicular phase. Additionally, 
AFC is the most important independent ultrasonographic 
predictor of the number of immature oocytes recovered [35]. 
Therefore, the majority of IVM pregnancies in the literature 
have been in women with PCOS (Table 42.1), while preg-
nancy rates in women with normal ovaries appear to be lower 
[36]. In a prospective observational study, the clinical preg-
nancy rate per cycle in relation to AFC was reported as 6% 
when the follicle count was less than 20; 15% when the fol-
licle count was 20–29, and 44% when the follicle count was 
higher than 29 [34]. In another comparison, IVM pregnancy 
and live birth rates were found to be less (26.2 and 15.9%) 
than that of IVF with ovarian stimulation (38.3 and 26.2%), 
even though the difference was not statistically significant 
[5]. The implantation rate of IVF-derived embryos was 
reported to be significantly higher than that for IVM (17.1% 
vs. 9.5%) in the same study [5]. On the other hand, 11.2% of 
the IVF cases had moderate or severe OHSS while there was 
no OHSS in IVM group [5]. The women who have the best 
chance for pregnancy by IVM are those with high AFC and 
they are also most prone to the OHSS. Therefore, women 
with PCO/PCOS having high numbers of antral follicles are 
the prime candidates for IVM treatment.

The ESHRE/ASRM-Sponsored PCOS Consensus 
Workshop Group has recently published a consensus report 
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on infertility treatment related to PCOS [37, 38]. IVF was 
recommended as the third-line treatment in the PCOS 
Consensus Workshop report following clomiphene citrate as 
the first-line treatment for ovulation induction and exogenous 
gonadotropins and/or laparoscopic ovarian surgery as the 
second-line. In-vitro maturation was not mentioned as a 
treatment option in this report. A new treatment algorithm 
including IVM on infertility treatment for women with PCOS 
is proposed by the authors of this chapter in accordance with 
the recommendations of the ESHRE/ASRM-Sponsored 
PCOS Consensus Workshop Group consensus report 
(Fig. 42.1). IVM may be offered as a treatment option prior 
to conventional IVF with ovarian stimulation for the women 
with anovulatory infertility should the previous steps not 
result in a pregnancy.

42.3.2  Ovulatory Women

Although women with PCO(S) seem to be better candidates 
for IVM, encouraging treatment outcomes were achieved by 
IVM in ovulatory women with normal ovaries as well. The 
disadvantage of women with regular cycles for IVM is their 
relatively lower AFCs. Since the AFC is lower in these women, 
the numbers of oocytes retrieved and embryos generated are 
also less. This is reflected in the outcomes of the treatment 
cycles as lower implantation and pregnancy rates compared 
with IVM cycles conducted in women with PCO/PCOS 
(Table 42.2). However, Barnes et al. had reported that the 
immature oocytes recovered from regularly cycling women 
matured and fertilized at significantly higher rates than those 
from anovulatory women and women with irregular cycles, 
and the embryos from women with regularly ovulatory cycles 
had a significantly higher mean embryo development ratio 

[39]. However, the data were lacking implantation and preg-
nancy rates. A possible explanation for the better performance 
of in-vitro matured oocytes from women with regular cycles is 
that the putative unfavorable effects of intraovarian endocrine 
abnormalities on oocyte quality in women with PCOS on 
oocyte quality would be circumvented [40], [22]. Even though 
the data on IVM outcome in regularly cycling ovulatory 
women are limited, this method has been increasingly used for 
couples who had infertility due to causes other than anovula-
tion, such as tubal factor or male factor. In the largest series to 
date in women with normal ovaries and regular cycles who 
underwent IVM, the implantation and the clinical pregnancy 
rates reported were as high as 22.6 and 31%, respectively, 
when IVF was undertaken as the fertilization method in com-
parison with ICSI [40]. To start an IVM cycle in regularly 
cycling women, the minimum recommended AFC on ultra-
sound examination in early follicular phase was recommended 
to be 10 [41].

42.3.3  Poor Responders

Poor responders require prolonged stimulation and higher 
doses of gonadotropins, and have a higher risk of cancela-
tion. Oocyte donation offers the best pregnancy chance to 
these women and no single approach benefits those who pre-
fer to use their own oocytes [42–44]. IVM has been employed 
in limited number of poor responders. Child et al. reported 
eight women with a previous poor response to ovarian stimu-
lation treated by IVM [45]. An average of 2.3 immature 
oocytes was recovered following hCG priming in an unstim-
ulated cycle and an average of 1.7 matured in vitro. Out of 
six women underwent embryo transfer one conceived and 
delivered.

Fig. 42.1 Treatment algorithm for women with infertility due to PCOS
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42.3.4  IVM as a Rescue

IVF cycles are occasionally abandoned after a few days of 
FSH administration due to either high risk of ovarian stimu-
lation or poor ovarian response. In both situations, it was 
proposed not to cancel the cycle but to proceed with earlier 
oocyte retrieval even if the follicular growth did not meet the 
retrieval criteria. Lim et al. suggested to administer full dose 
of hCG earlier, when the leading follicle reached 12–14 mm 
when a high risk of OHSS is anticipated to proceed with 
oocyte retrieval, IVM, ICSI, and embryo transfer in hyper-
responders [46]. In their series of 123 cycles switched to 
IVM after ovarian stimulation started, mature oocyte retrieval 
rate was found to be 18.9% which was higher than expected 
in IVM cycles, and the overall pregnancy rate was 36.6% per 
embryo transfer [47]. Although 10,000 IU of hCG was 
administered, no case of OHSS was reported.

Similar rationale was adapted for women who showed 
poor ovarian response to ovarian stimulation, as well [48]. 
First, oocyte retrievals were performed without hCG prim-
ing, and 31.6% of pregnancy rate was obtained in 19 
women who did not have a dominant follicle larger than 
10 mm despite gonadotropin administration of more than 
7 days [49]. In the second group, oocyte retrieval was per-
formed 36 h after the administration of hCG, 10,000 IU, 
in 55 cycles [49]. Mature oocyte rate at retrieval was 
14.7%; implantation and clinical pregnancy rates were 
reported as 15.8 and 40.4% [49]. The drawback of these 
studies in poor responders is that there were not any other 
criteria for the definition of poor response in these reports, 
except failure in growing a dominant follicle in response 
to ovarian stimulation. Indeed, the mean numbers of 
oocytes recovered in groups with and without hCG prim-
ing were 11.7 and 9.0, respectively. High numbers of 
oocytes recovered may indicate a selection bias and in 
fact at least some of these women might not be really hav-
ing a poor ovarian reserve.

42.3.5  IVM for Fertility Preservation

One of the most important long-term effects of cancer treat-
ments in young women is premature ovarian failure and 
infertility. With improving survival rates following cancer 
treatments and encouraging results of fertility preservation 
techniques, increasing number of young women are seeking 
methods to preserve their fertility. In fact, indications of fer-
tility preservation are not limited to cancer. Any threat for a 
decrease in ovarian reserve can be an indication for fertility 
preservation, such as autoimmune diseases [36], endometri-
osis [37], genetic conditions like Turner’s syndrome [38], 
and even natural aging itself. However, timeline for women 

diagnosed with cancer is much more limited for fertility 
preservation compared with women with other conditions. 
For women who have sufficient time before cancer treatment 
and no contraindication for hormonal ovarian stimulation, 
embryo or oocyte cryopreservation following controlled 
ovarian stimulation appears to be the most suitable approach. 
Indeed, ASCO and ASRM have endorsed IVF and embryo 
cryopreservation as the only method for female fertility pres-
ervation [53]. However, when estrogen-sensitive tumors and/
or time constraints are involved, IVM may be a better option, 
as ovarian stimulation is not required and the time required 
for IVM is much less than an ovarian stimulation cycle [54]. 
In-vitro maturation and cryopreservation of oocytes retrieved 
from unstimulated ovaries seem to be a promising method 
for fertility preservation, as this technique avoids hormonal 
stimulation and is not associated with considerable delay in 
cancer treatment.

In a clinical trial at McGill Reproductive Center including 
38 infertile women, oocyte cryopreservation by vitrification 
resulted in a mean survival rate of 81% post-thawing, a fer-
tilization rate of 76% following ICSI, a clinical pregnancy 
rate of 45%, and a live birth rate of 40% with 22 healthy 
babies born [55]. Although pregnancy rates appear to be 
lower compared with in-vivo matured and vitrified oocytes, 
in a pilot study a live birth rate of 20% per cycle has been 
achieved with first four live births from vitrified IVM oocytes 
[55, 56].

Oocyte retrieval for fertility preservation can be per-
formed at any day of the cycle in anovulatory women for 
fertility preservation. It is performed in the follicular phase 
in ovulatory patients for fertility preservation, based on the 
clinical practice of IVM in infertile couples. Although it is 
not routinely used, immature oocyte retrieval in the luteal 
phase has also revealed promising in-vitro maturation results 
[57, 58]. Immature oocytes recovered in the luteal phase can 
mature in vitro, can be fertilized, and can produce good-
quality embryos. However, feasibility of this approach will 
only be ascertained when the implantation potential of these 
oocytes and embryos is tested.

42.4  Gonadotropin Priming in IVM Cycles

42.4.1  HCG Priming

The reason behind hCG priming before oocyte retrieval is to 
promote the initiation of oocyte maturation in vivo and to 
improve the developmental competence of oocytes by 
increasing their ability to mature, thus shortening the time 
required for maturation in vitro. Most of the studies pub-
lished to date have reported hCG priming prior to oocyte 
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retrieval as being advantageous in terms of treatment out-
comes. However, it has not been adopted as a universal 
approach as it is in conventional IVF/ICSI cycles with ovar-
ian stimulation.

A year after the first report announcing an IVM pregnancy 
rate of 40% in women with PCOS, in which oocyte retrieval 
was performed after hCG-priming [21], Chian et al. con-
ducted a randomized controlled trial where oocyte retrieval 
was performed 36 h following the administration of 10,000 IU 
of hCG in 13 cycles, without hCG priming in 11 cycles [59]. 
The ratio of oocytes achieving maturation at 48 h was signifi-
cantly higher in the hCG-primed group than in the non-hCG 
primed group (84.3% vs. 69.1%) and, more importantly, the 
number of oocytes that matured within 24 h was much higher 
in the hCG-primed group than in the non-hCG primed group 
(78.2% vs. 4.9%). They concluded that oocyte maturation 
was hastened in hCG-primed cycles [59]. This finding was 
supported by Son et al. [60], and it was suggested that the 
morphology of the oocyte cumulus complexes (OCC) was 
also affected by the hCG administration prior to oocyte 
retrieval [60, 61]. Most of the oocytes obtained in cycles 
where hCG 10,000 IU is administered prior to retrieval dis-
play a dispersed OCC morphology (Fig. 42.2a), while the 
majority of OCCs retrieved in cycles without hCG priming 

display compact or sparse appearance (Figs. 42.2b, c, d). The 
appearance of the dispersed OCC morphology resembles 
that of OCCs recovered in conventional IVF/ICSI with ovar-
ian stimulation and hCG administration. This morphology 
may help identify immature oocytes in the aspirate under the 
stereomicroscope without using a filtration method; and, 
more importantly, there is a chance of recovering mature 
oocytes when oocyte retrieval is performed following hCG 
priming. It was reported that the presence of dispersed cumu-
lus cells at retrieval was positively correlated with the rates 
of maturation and blastocyst development, and expression of 
LH receptor in cumulus cells was also correlated with the 
OCC morphology [61]. The mechanism of hCG action on 
small follicles remains unclear; however, it was shown that 
granulosa cells in small follicles in anovulatory women with 
PCOS responded LH prematurely [62]. This finding may be 
important to explain the mechanism of anovulation in PCOS 
and may help explain how hCG priming hastens oocyte mat-
uration in vitro. The morphology of OCCs was further exam-
ined according to the presence of hormonal priming: without 
hCG or HMG priming; following low dose HMG priming; 
and following hCG priming [60]. Oocyte-cumulus com-
plexes with dispersed cumulus cell morphology were 
observed only in the hCG-primed group and, interestingly, 

Fig. 42.2 Morphologic appearances of the oocyte cumulus complexes in IVM cycles at retrieval. (a) An oocyte with the appearance of dispersed 
cumulus cell morphology, retrieved following hCG priming (original magnification × 400). (b) Oocytes-cumulus complexes retrieved from a 
cycles without hCG priming (original magnification × 200). (c) An oocyte with compact cumulus cell morphology (original magnification × 400). 
(d)An oocyte with sparce cumulus morphology
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11% of the oocytes showing dispersed cumulus cell mor-
phology were mature at the time of retrieval [60]. Although 
there was no difference in the total maturation, fertilization, 
and cleavage rates, the pregnancy rate was found to be higher 
in the group that displayed dispersed OCC morphology fol-
lowing day-3 embryo transfer. Furthermore, the blastocyst 
development rate of the residual embryos was higher in the 
group with dispersed OCC morphology [60].

In an attempt to find the optimal dose of hCG prior to 
oocyte retrieval, a prospective randomized controlled trial 
demonstrated no improvement in oocyte maturation rates 
with 20,000 IU of hCG compared with 10,000 IU [63].

42.4.1.1  Timing of Oocyte Retrieval

The two important factors in timing of the oocyte retrieval in 
IVM cycles are the endometrial thickness and the leading 
follicle size. The literature has conflicting reports on the 
optimum size of the leading follicle before oocyte retrieval. 
Some reports suggest that the large follicles may compro-
mise the developmental potential of the oocytes in the 
remaining small antral follicles [64]. However, other reports 
suggest that the developmental competence of oocytes 
retrieved from small antral follicles was not adversely 
affected by a growing dominant follicle in unstimulated 
cycles [65, 66]. In a recent study, it was shown that IVM 
cycles with in-vivo matured oocytes resulted in a higher clin-
ical pregnancy rate compared with those with no mature 
oocytes at retrieval; the pregnancy rate was reported as 40% 
in IVM cycles with at least one mature oocyte at retrieval, 
compared with a pregnancy rate of 23% in cycles without 

any mature oocytes [67]. Retrieval of an in-vivo matured 
oocyte is more likely to occur in cycles where follicles are 
allowed to grow to 10–12 mm before oocyte retrieval in 
women with ovulatory cycles [67] (Fig. 42.3).

Time interval between hCG administration and oocyte 
retrieval in hCG-primed IVM cycles is another factor that is 
likely to play a role in retrieving mature oocytes in IVM 
cycles. In hCG primed IVM cycles, oocyte retrieval is most 
frequently performed 36 h after the hCG administration. 
However, when the intervals of 35 h vs. 38 h between hCG 
administration and oocyte retrieval were compared, the 38 h 
group yielded a significantly higher number of mature 
oocytes and maturation rate after 24 h in culture was higher 
in 38 h group [68]. Clinical pregnancy rates in the 38 h and 
35 h groups were also significantly different in favor of 38 h 
group, 40.9% vs. 25%, respectively [68].

42.4.2  FSH Pretreatment

In 1998, Wynn et al. reported that pretreatment with a truncated 
course of 600 IU of FSH over 5 days increased the number of 
oocytes recovered at the retrieval and promoted the numbers of 
human oocytes reaching M-II by in-vitro maturation [69]. 
However, the following studies did not support this finding in 
regularly cycling women. Suikkari et al. proposed administra-
tion of low dose FSH starting from the previous luteal phase 
until the leading follicle reaches 10 mm in regularly cycling 
women and on the ninth day of progesterone administration in 
women with irregular cycles [70]. They found that the numbers 
of oocytes recovered, in-vitro maturation, and fertilization rates 
were comparable in both groups [70]. The possible effect of 
FSH priming in IVM cycles was later examined by Mikkelsen 
et al. in a prospective randomized study including 20 women 
with regular cycles, and there was no significant difference in 
number of oocytes obtained, maturation and cleavage rates 
between the two groups that underwent oocyte retrieval with 
and without FSH priming [71]. The same group examined the 
influence of withholding FSH for 2 days vs. 3 days before oocyte 
retrieval in a further study, and did not find any difference in the 
implantation rates between the two groups either [72].

On the other hand, studies imply that there may be a 
positive effect of FSH priming in women with anovulatory 
cycles. In a prospective randomized trial, Mikkelsen et al. 
reported a clinical pregnancy rate of 29% in 24 women who 
received 150 IU of FSH daily followed by FSH deprivation 
for 2 or 3 days [73]. The 12 women in the control group did 
not receive any FSH, and there was no pregnancy in this 
group. On the other hand, Lin et al. examined the possible 
effect of FSH priming in hCG primed cycles, however, did 
not find any additional benefit of FSH stimulation in women 
with PCOS [74].

Fig. 42.3 Follow-up of an IVM cycle. *Dominant follicle size is an 
important factor in timing of oocyte retrieval in ovulatory cycles. **If the 
dominant follicle is larger than 13–14 mm on the day of hCG the oocyte 
retrieval is recommended to be performed earlier than 38 h due to the risk 
of ovulation
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Even though the study outcomes are conflicting, there 
may be potential benefits of FSH priming; easier oocyte 
retrieval due to larger follicle sizes, it may improve the matu-
rational competence of the oocytes, and higher estradiol lev-
els may improve endometrial lining. Interestingly, in an 
attempt to improve the thin endometrial lining in hCG-
primed IVM cycles, low-dose FSH pretreatment was shown 
to be superior to micronized 17b estradiol in terms of implan-
tation and pregnancy rates [75].

42.5  Overview of an IVM Cycle

42.5.1  Monitoring of the Cycle

Women with PCO and/or PCOS carrying the highest risk of 
OHSS and the best chance for pregnancy due to the higher 
AFC are the prime candidates for IVM, regardless of their 
ovulatory status. However, the follow-up of anovulatory 
and ovulatory women differs due to the development of a 
dominant follicle in ovulatory patients (Fig. 42.3).

The treatment cycle is initiated by progesterone admin-
istration to induce a withdrawal bleeding in anovulatory 
women. The first ultrasound examination is performed in 
early follicular phase, on cycle day 2–5 of the period, to rule 
out the presence of any ovarian cysts. A second ultrasound 
examination is performed to measure the endometrial thick-
ness and to plan immature oocyte retrieval. An endometrial 
thickness of 6–8 mm before oocyte retrieval is preferable. If 
the endometrial thickness is not sufficient further ultrasound 
examination(s) is required. The time interval for the second 
and, if required, the third ultrasound examination and also for 
the oocyte retrieval is flexible for women with anovulatory 
cycles, since they do not have a growing follicle that limits 
the timeline for the oocyte retrieval. hCG administration 
is not a universal approach in IVM cycles; however, it is 
frequently undertaken and is administered at a dosage of 
10,000 IU s.c., 36–38 h prior to oocyte retrieval [68, 76]. 
Women with regular cycles will develop a dominant follicle; 
therefore, a second examination is performed on cycle day 
7–9, before the dominant follicle reaches preovulatory stage. 
The preferred diameter of the dominant follicle is 10–12 mm 
on the day of hCG [67].

42.5.2  Oocyte Retrieval and Identification

As in stimulated cycles, transvaginal ultrasound-guided 
follicular aspiration is used for oocyte retrieval, but several 
modifications are made. Depending on the accessibility of the 
ovaries, oocyte retrieval may be performed under general/spinal/

epidural anesthesia or with intravenous sedation and local 
infiltration of injectable anesthetics. However, due to the 
multiple ovarian punctures often needed in immature oocyte 
retrieval, it is likely to be more painful than the oocyte retrieval 
in stimulated IVF cycles. The aspiration tubes are prepared 
with approximately 2-ml heparinized saline in the warming 
blocks before the retrieval. A fine-bore aspiration needle, 
preferably 19–21 G, is used for immature oocyte retrieval 
from small follicles and aspiration pressure is reduced to 
75–80 mm Hg. Aspiration of small follicles requires good 
visibility of the these follicles on the ultrasound screen, and a 
high resolution is preferred if the ovaries are close to the vagi-
nal vault. Still, it is difficult to aspirate follicles smaller than 
4 mm and the needle is frequently removed and realigned 
with the small follicles. Multiple ovarian punctures are almost 
always necessary since it is difficult to reach all the follicles 
from the same puncture site. The needle may be withdrawn 
and flushed with heparinized saline following aspiration of a 
few follicles; this might also help to prevent blockage of the 
needle. The oocytes are identified and evaluated under a 
stereomicroscope in the laboratory. Although it is relatively 
easier to identify the oocytes with dispersed cumulus cells, 
the follicular aspirates are frequently filtered through a nylon 
mesh with 70 µm pores to avoid the possibility of missing 
oocytes particularly those with small amount of cumulus 
cells. There is an asynchrony among the developmental stages 
of the aspirated oocytes in IVM cycles; there may be in-vivo 
matured oocytes in the aspirate on the day of oocyte retrieval, 
particularly in hCG-primed IVM cycles [60, 61, 77]. It is 
important to identify these mature oocytes on the day of 
retrieval so that ICSI can be undertaken on the same day. 
Although most centers prefer ICSI as the fertilization method 
in IVM cycles, conventional IVF has also been successfully 
used in couples with normal sperm parameters [40]. Immature 
oocytes identified in the aspirate are cultured in IVM medium 
for 48 h. They are stripped from the surrounding cumulus 
cells following 18–24 h of culture and the mature oocytes 
undergo ICSI. The remaining immature oocytes are further 
cultured for another 24 h.

42.5.3  Embryo Transfer

Most of the IVM studies published to date have reported 
embryo transfers performed on day 2 or day 3 of maturation 
in vitro. There is a tendency to transfer higher numbers of 
embryos that were transferred in IVM cycles due to rela-
tively lower implantation rates. When a large number of 
embryos are generated in IVM cycles, alternative approaches 
such as extended culture to blastocyst stage or a double trans-
fer could be employed. It was reported that the blastocyst 
formation rate was 41.6% in cycles where seven or more 
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fertilized eggs were obtained and the number of good-quality 
embryos on day 3 of fertilization was three or higher [78]. 
A double transfer is performed by transferring a cleavage 
stage embryo on day 2 or 3 and a blastocyst on day 5 or 6 [79].

42.5.4  Endometrial Preparation  
and Luteal Support

In conventional IVF/ICSI cycles with ovarian stimulation, 
the amount of estrogen produced by the ovaries is sufficient 
for endometrial preparation in the vast majority of women. 
However, in IVM cycles, the endometrium must be prepared 
by exogenous estrogen because the follicles are aspirated 
when they are smaller. The administration of estrogen usually 
starts on the day of oocyte retrieval [15, 34, 39, 40, 71, 74, 
77, 80]. The recommended dose of estrogen depends on 
endometrial thickness on the day of oocyte retrieval and the 
dose is adjusted according to the thickness of the endome-
trial lining, and it varies between 2 and 12 mg (estradiol val-
erate) daily. Administration of estradiol starting from early 
follicular phase for a better endometrial lining may suppress 
follicular growth and compromised subsequent oocyte matu-
ration in vitro (75, 81). The day on which progesterone admin-
istration should be started depends on the day of oocyte 
maturation. If at least one mature oocyte is identified on the 
day of oocyte retrieval, it is recommended that progesterone 
administration be started on the same day. If the first mature 
oocytes are obtained following IVM in culture, then it is rec-
ommended that progesterone administration should start on 
the day the matured oocytes are observed. Oral, vaginal, or 
intramuscular progesterone preparates may be used. Barnes 
et al. suggested that embryo and uterine synchrony were 
potentially enhanced by luteinization of the dominant follicle 
at the time of immature oocyte recovery [16]; however, in their 
randomized controlled study, Buckett et al. did not find any 
significant difference in endometrial thickness, uterine artery 
pulsatility index, or absent subendometrial blood flow between 
the groups that underwent immature oocyte retrieval with or 
without hCG priming, however, more embryos were gener-
ated by the hCG-primed group [82]. The administration of 
hCG prior to oocyte retrieval may be promoting the initiation 
of maturation of oocytes in vivo, thus improving the devel-
opmental potential of the embryos derived from them rather 
than improving the endometrium.

42.6  Outcome of IVM Cycles

The outcomes of IVM cycles in women with PCO(S) and 
with regular cycles are summarized in Tables 42.1 and 42.2. 

Women with PCO/PCOS have higher implantation and 
clinical pregnancy rates than women with normal ovaries. 
There is a higher rate of clinical miscarriage after IVM 
when compared with IVF and ICSI [83]. This appears to be 
related to polycystic ovary syndrome rather than to the IVM 
procedure. Early data concerning IVM pregnancies have 
generally been reassuring [82, 84, 85]. Recent studies also 
support these reports. Babies born to date following IVM 
treatment have shown no increased risk of congenital 
abnormalities or adverse perinatal outcomes over those 
already reported for IVF and ICSI [86]. The obstetric and 
perinatal outcomes of pregnancies following IVM are 
comparable with established ART data, and may even be 
associated with fewer low birth weight babies according to a 
study comparing the neonatal outcomes of 55 IVM, 217 IVF, 
and 160 ICSI babies [86]. From a total of 150 babies born 
following IVM, six major congenital anomalies have been 
reported [83]; omphalocele (1); cleft palate (2); ventriculo-
septal defect (2) and 45XO/46XY mosaic (1). This rate is 
similar to that reported following other assisted reproductive 
technologies [60] and slightly higher than those in spontane-
ously conceived controls. A comparative study also shows a 
similar odds ratio when IVM is compared with IVF and with 
ICSI [83]. The odds ratio of any congenital abnormality 
following conception with IVF was reported to be 1.01; 
with IVM, 1.19; and with ICSI, 1.41. However, further data 
collection and matched studies are needed to obtain more 
detailed information.

42.7  Conclusions: Evidence-Based 
Guidelines

In-vitro maturation offers a more patient-friendly treatment 
option for the couples in need of assisted reproductive tech-
nologies compared with conventional IVF with ovarian stim-
ulation. It is less expensive, avoids the risk of OHSS and 
other immediate side effects of hormonal stimulation, as well 
as the future concerns about the stimulation drugs.

Review of literature reveals that the best treatment 
outcomes in IVM cycles are obtained in women with high 
AFC regardless of the ovulatory status [21, 74, 78]. Therefore, 
women with high AFC are the prime candidates for 
IVM. IVM may be offered to these couples as a treatment 
option prior to conventional IVF with ovarian stimulation 
(Fig. 42.1).

HCG priming in unstimulated cycles hastens maturation 
in vitro of oocytes and offers better pregnancy chances 
[59, 60].

The current knowledge demonstrates that fertilization, 
cleavage, and pregnancy outcomes of in-vivo matured oocytes 
are superior to in-vitro matured oocytes [67]. Therefore, 
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there is a benefit in recovering at least one mature oocyte even 
in unstimulated cycles for IVM. The dominant follicle size is 
the most important factor for the retrieval of a mature oocyte 
in ovulatory cycles. Current literature is lacking the studies 
determining the optimal size of the leading follicle for hCG 
administration. However, retrieval of in-vivo matured 
oocytes is more likely in cycles where follicles are allowed 
to grow to 10–12 mm before the administration of hCG in 
ovulatory cycles. A treatment guideline is drawn for IVM 
with respect to ovulatory status (Fig. 42.3).

Successful implantation requires a receptive endometrium 
as well as competent embryos. Inadequate exposure to estro-
gen in IVM cycles may lead to implantation failure [88]. 
Although the literature for FSH/HMG priming in IVM cycles 
is controversial, FSH/HMG priming may offer a potential 
benefit for a receptive endometrium. The duration and the 
target treatment group for FSH/HMG priming in IVM cycles 
remain to be further investigated.
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Abstract Technology has become the driving force in the 
field of assisted reproductive infertility medicine. The ability 
to conduct in vitro fertilization, embryo micromanipulation, 
and cryopreservation allows the clinical embryologist to 
obtain an ever increasing ability to observe and test the viabil-
ity of the human embryo in the laboratory. At the same time, 
molecular genetics and molecular biology have developed to 
the point of allowing the laboratory to detect and determine 
various aspects of the embryonic genome and knowledge of 
the detailed structure of human chromosomes. These tech-
nological abilities are now used not only to identify single 
gene mutations linked to specific diseases, but identify 
chromosomal abnormalities residing in the in vitro cultured 
human embryo as well. Selection of mutation-free and chro-
mosomally normal embryos is now a reality that brings new 
hope to couples at risk for giving birth to affected offspring. 
There are also mounting indications that these technolo-
gies are also able to benefit couples facing other infertility 
issues such as failure to conceive during ART procedures. 
Ethical issues, concerning the use of these new technologies, 
have arisen from a number of quarters where it is troubling  
to think of, no less accept, the possible outcomes derived 
from their applications. One long sought after outcome, 
being requested by prospective parents, is to select the gen-
der of the desired offspring for purely non-medical motives. 
Infertility programs throughout the United States and the 
world are now capable of utilizing these advanced technolo-
gies to make gender selection a reality for interested couples, 
as well as, enhance the ability to treat a variety of problems 
relating to infertility. Reproductive genetic programs may 
want to consider early on how they wish to utilize these tech-
nical abilities within their individual programs. There should 
be serious consideration of the pros and cons of developing 
these highly technical, time consuming and expensive pro-
cedures within a given facility. This chapter is designed to 
consider and help answer those questions.

Keywords Assisted reproductive technology • Preim
plantation genetic diagnosis • Preimplantation aneuploidy 
screening • Fluorescence in situ hybridization • Embryo 
biopsy • Chromosome • Embryo • Blastomere • Genetic 
disease • Egg • Sperm • Polar body • Blastocyst • Micro
manipulation

43.1  Introduction

The use of new technology for infertility treatment is being 
introduced into assisted reproductive technology (ART) 
laboratories at an ever increasing rate [1–8]. Expanding 
novel embryo culture systems and the use of ever more 
complex culture media, are now being employed to enhance 
embryo viability and pregnancy potential [9–15]. The use 
of egg, sperm, and embryo micromanipulation procedures, 
utilizing advanced high technology equipment, has given 
rise to the possibility of handling and manipulating these 
in vitro specimens with unprecedented skill [16, 17]. As a 
result, breakthroughs in the treatment of infertility, affect-
ing both female and male, are now standard in the great 
majority of infertility centers throughout the United States 
and around the world [18].

Another area utilizing ART technology is also rapidly 
advancing in its ability to diagnose in vitro cultured human 
embryos for deleterious genomic single gene mutations as 
well as chromosomal abnormalities [19, 20]. This was 
unheard of just 15 years ago. The very first article reporting 
the screening of human embryos for a genetic mutation 
(cystic fibrosis) was published in 1992 [21, 22]. Thus began 
the field of preimplantation genetic diagnosis (PGD).

Genetic tests now available for embryo PGD have 
increased nearly 100-fold [23, 24] to include not only those 
genetic diseases responsible for perinatal mortality but also 
those linked to later life morbidities/mortalities such as heart 
disease, breast cancer, and Alzheimer’s disease [25–27]. 
Other more controversial uses of this technology have 
evolved to include HLA compatibility testing of in vitro 
embryos. These embryos can then be chosen for intra-uterine 
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transfer and potentially produce placental stem cells from 
the resulting offspring that can be donated to a HLA compat-
ible, but disease-affected sibling for rejection-free treatment. 
This procedure is sometimes referred to as “savior sibling 
PGD” [28–30].

The identification of chromosomal abnormalities, through 
the use of FISH, has also led to the prospects of averting 
pregnancy miscarriages, aneuploid live births, and sex chro-
mosome anomalies. Of course, the ease and accuracy of deter-
mining gender of the preimplantation embryo, opens the door 
for gender selection by patients regardless of medical condi-
tions, thus giving rise to additional ethical issues [31– 33].

Even in the midst of these surrounding controversies 
vying for media attention, the technology available for 
employing preimplantation genetic (PGD) and chromosomal 
(PGDAS) screening, is now within the means of most ART 
laboratories and infertility practices. If your program is 
determined to provide these specialized services to patients, 
how do you prepare and go about integrating this technology 
into your ART laboratory?

43.2  Rationale for PGD

A question that any infertility program may want to address 
is “Why do we want to provide this technology to our patients 
and how will it benefit them?” Of course, preimplantation 
genetic and chromosomal diagnosis can address many and 
varied infertility and pregnancy concerns. Prior familial 
diagnosed genetic abnormalities may be at the root of pregnancy 
abnormalities leading to the prospect of early pregnancy ter-
mination. The failure to conceive, or continue a detected 
pregnancy, may very well reside in a previously unknown 
chromosomal translocation event residing in either partner. 
Age-related chromosomal abnormalities, especially in the 
female, are the most prevalent causes of failure to conceive 
and carry a normal baby to term [34–36]. There may also be 
a case to be made for the failure to conceive through multi-
ple-assisted reproductive procedures as a sign of potential 
chromosomal abnormalities [37, 38].

Any of the above mentioned concerns may very well propel 
your program to adopt and implement preimplantation 
embryo genetic/chromosomal diagnostic procedures.

43.3  PGD vs. PGD-AS

What is the difference between preimplantation genetic 
diagnosis (PGD) and preimplantation aneuploidy screening 
(PGDAS)? It is important to understand the underlying 
technical demands that each of these procedures impose. 

PGD essentially identifies mutations within the genomic 
sequence of DNA which control the expression of genes or 
other regulatory elements necessary to develop, build, and 
maintain a healthy body. Every individual (on average) 
carries 6–8 potentially serious/lethal gene mutations in his 
or her DNA, which, under the right (wrong) circumstances, 
can be expressed and cause debilitating outcomes [39]. 
Cystic Fibrosis (CF) is a disease brought about by a muta-
tion in a gene which regulates chloride channel transport 
[40]. This usually exhibits its expression or outcome in 
causing the failure of an individual’s lungs to effectively 
and efficiently exchange carbon dioxide for oxygen and 
transport it to tissues within the body. It may also express 
itself in the failure of a male’s vas deferens to fuse and trans-
port sperm from the testis to the seminal vesicles, thus being 
a cause of male infertility [41]. There are now known to be 
over 1,000 site-specific mutations that govern the expres-
sion of this gene [40].

The ability to accurately determine the status of any 
specific gene mutation within a single cell is daunting at 
best. Prior to being able to detect and analyze sequences of 
nucleotides within a gene from a single cell (in this case, a 
single blastomere taken from an in vitro derived embryo), 
amplification of the genomic DNA (whole genome amplifi-
cation – WGA) must take place over a million fold. This is 
accomplished through the use of the polymerization chain 
reaction (PCR) procedures [44] that create sufficient quanti-
ties of identical DNA strands for molecular diagnosis [42, 
43]. This particular procedure is extremely sensitive to tem-
perature control and environmental conditions. The most 
serious concern during this process is the inadvertent con-
tamination of the test sample by extraneous DNA, which 
may then lead to an error in the diagnosis. Another difficultly 
leading to potential errors, originates from the PCR reaction 
itself, and is known as “allele dropout” [45]. This error or 
failure in the amplification of certain strands of DNA in the 
sample, may result in a false negative reading that will 
adversely affect the outcome of the diagnosis [46].

Needless to say, single gene analysis requires a great deal 
of specific expertise, equipment, and a separately maintained 
enclosed environment. Most “stand alone” infertility pro-
grams do not have the necessary patient-based volume for 
any specific disease to sustain this level and complexity of 
genetic diagnosis.

In comparison to PGD, PGDAS screens for the presence 
or absence (or significant rearrangement) of whole chromo-
somes within a single cell [47]. PGDAS relies on a technol-
ogy known as fluorescence in situ hybridization (FISH), 
which does not require the amplification of genomic DNA 
[48]. As a result, multi-colored fluorescently-tagged com-
merciallyavailable complementary DNA probe mixtures 
(Vysis, Rainbow) are used to link (hybridize) to chromo-
somespecific DNA sequence sites. These signals, observed 
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with a fluorescence microscope, will then identify and enu-
merate specific chromosomes present within a particular 
cell. This information can then be used to classify the corre-
sponding embryo as chromosomally normal (euploidy) or 
altered in a manner unsuitable (polyploidy, aneuploidy) for 
transfer. The major drawback to the use of FISH technology 
in the diagnosis of chromosomal fitness of an embryo, is the 
fact that only approximately a third of the 46 chromosomes 
(23 pairs) normally present can be identified and assessed 
[49]. This is due to the fact that chromosomes reside in an 
unstructured configuration (interphase) for most of the cell 
cycle and cannot be identified as individual entities (meta-
phase structures) as in a standard karyotype analysis. At least 
one FISH probe is now available for every chromosome, 
although only a restricted number can be simultaneously 
applied to a single interphase nucleus. This is because of the 
limited number of fluorochromes available and the risk of 
misdiagnosis due to overlapping signals.

Those chromosomes that are able to be screened, have 
been chosen primarily due to their occurrence in chromo-
somal defective live births or miscarriages [50–53]. These 
tend to include the sex chromosomes X & Y as well as 21, 
18, 13, and 22. So, even though not all chromosomes can be 
assessed through FISH procedures, those accounting for the 
most prevalent chromosomal abnormalities in live-born 
offspring can be evaluated.

From this standpoint then, what will it take in terms of 
personnel, equipment, laboratory space, and program com-
mitment to establish PGD and PGDAS for patient treatment 
in your program?

43.4  Requirements for In-House PGD

For those programs interested in establishing inhouse PGD 
capabilities, there are a number of general considerations to 
take into account. Some of these must take into account the 
community served, patient base size, personnel capabilities, 
existing laboratory facilities and technical expertise.

43.4.1  What Kind of Program Requires 
In-House PGD?

Inhouse PGD is probably best served through a largerbased 
infertility practice conducting on the order of 500 patient 
cycles + per year and residing in a metropolitan area of at least 
one million or greater inhabitants. This will allow a well-func-
tioning and successful practice to invest the resources and per-
sonnel required to initiate, conduct, and maintain PGD.

43.4.1.1  Program Management and Personnel

In all likelihood, your present technical staff (those residing 
in the laboratory) will not have sufficient knowledge or expe-
rience to immediately undertake analysis of single embry-
onic cells, using PCR or FISH for patient diagnosis, requiring 
either PGD or PGDAS.

In order to obtain and retain the required and necessary 
staff to prepare, conduct, and analyze results obtained from 
PGD, the medical management must firstly be absolutely 
committed to the demands and requirements of this techni-
cally intensive undertaking. Less than unanimous support 
and commitment to maintain all facets of preimplantation 
genetic analysis of in vitro embryos will result in failure, loss 
of patient confidence, and invested capital.

43.4.2  IVF Laboratory Micromanipulation 
Technology

The great majority of reproductive ART laboratories in the 
United States already have the technical expertise and skills 
to conduct essential micromanipulation procedures for those 
treatments requiring ICSI, assisted hatching, embryo defrag-
mentation, and (with some additional training), embryo 
biopsy. All of these skills have to be carried out at the highest 
level of competence in order for biopsied embryos to retain 
viability and develop into healthy blastocysts during extended 
in vitro culture [54, 55].

There are various egg and embryo stages in which biopsy 
may be performed and cellular components obtained for genetic/
chromosomal analysis. Each of these procedures demands vari-
ous technical skills that will be required, at one time or another, 
in a PGD program. Below are the main stages of zygote and 
embryo development that can provide informative diagnosis.

43.4.2.1  Egg Polar Body (1st and 2nd) Biopsy

The mature egg (arrested at 2nd metaphase of meiosis), 
obtained during the egg retrieval procedure, has extruded 
the 1st polar body, consisting of a diploid complement of 
chromosomes. This egg now awaits in vitro fertilization 
by the addition of sperm, at which time, a 2nd (haploid) 
polar body is released by the egg. Both of these miniature 
cells (polar bodies) can be removed during separate pro-
cedures and utilized for DNA or chromosome analysis 
[56, 57].

Use of polar bodies during analysis can only provide 
genetic information pertaining to the egg, and therefore, any 
paternal abnormal contributions to the resulting embryo 
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remain undetected. Timing of these respective biopsies is 
also critical due to the instability of polar bodies, which tend 
to degrade within hours.

43.4.2.2  Day 3 Eight-Cell Embryo Blastomere Biopsy

The eight-cell embryo provides a convenient and useful 
embryonic developmental stage from which to sample a sin-
gle cell to determine the inheritance of either a single gene 
mutation or chromosomal abnormality. It also incorporates 
the paternal as well as maternal genetic components to give 
a more complete analysis of the potential offspring. Even 
though this eight-cell stage presents a number of difficulties 
and uncertainties pertaining to resulting outcomes obtained 
when using either PGD or PGDAS, it has historically been 
the stage of choice for the majority of diagnostic procedures 
presented in the literature [58, 59].

43.4.2.3  Day 5 Blastocyst Embryo Trophectoderm 
Biopsy

The blastocyst stage embryo does not normally develop prior 
to the 5th day of in vitro culture. Utilizing biopsied material 
taken from this stage of development, presents an advantage 
and a number of disadvantages. The advantage is that more 
than one cell can be obtained during the biopsy procedure 
and used during testing to give confirmation and added con-
fidence to the test results [60–63]. On the other hand, the 
embryo has now differentiated cellularly to contain both tro-
phectoderm (placental destined) and inner-cell mass (des-
tined for fetal development) cells. Present day biopsy 
procedures sample only trophectoderm cells to use for sub-
sequent analysis and these cells may harbor characteristics 
that do not always pertain to the ICM or fetaldestined cells.

In any case, each of the cell types (polar bodies, blastom-
eres, and trophectoderm), obtained through the above biopsy 
procedures, require strict individual manipulation and pro-
cessing in order to maintain a verifiable link to the respective 
biopsied embryo. Obtaining reliable results and making the 
proper diagnosis does not benefit your patient if they are 
assigned to the wrong embryo.

43.5  Referral PGD

Since the majority of ART laboratories already possess the 
requisite micromanipulation equipment in order to perform 
embryo biopsy procedures, (and there are embryo biopsy 
workshops available to acquire the required expertise), it 
may very well be advisable to process the biopsied cell(s) 
inhouse and send it to be analyzed at a commercial PGD 

reference laboratory. This can usually be accomplished 
within a time frame that accommodates fresh blastocyst 
transfer. This strategy alleviates the most arduous aspects of 
making PGD available to your patients (see Appendix A).

Although both PGD and PGDAS can be processed in 
this manner, it is highly recommended that single gene muta-
tion PGD be referred to an experienced laboratory with 
expert skills in this area of genetic diagnosis. The technology 
is rapidly changing and the investment for developing whole 
genome amplification for use with comparative genome 
hybridization (CGH), fluorescent realtime PCR, and DNA 
micro-array technology is cost and expertise prohibitive [64–
67]. Developing effective, accurate, and reproducible genetic 
tests, which utilize single cells, requires skills that few repro-
ductive biologists possess.

As a result of the drawbacks likely to be encountered 
when establishing full karyotypic and gene-specific mutation 
analysis programs, this review will concentrate only on those 
requirements necessary to conduct FISHbased screening 
tests of chromosomal abnormalities – PGDAS.

43.6  Setting up PGD-AS

There are a number of critical issues involved in preparing 
the ART laboratory for PGDAS. Each of these issues must 
be approached differently using various resources and 
strategies. Many will be practice and facilityspecific. Do 
not hesitate to seek experienced advice in order to prevent 
costly startup mistakes [70, 71].

43.6.1  How to Obtain a Blastomere  
for Analysis

Prior to being able to obtain a diagnosis and assigning it to 
an embryo, a well identified and intact specimen must be 
secured and processed. Each step of the protocol is critical 
from start to finish and mental concentration is just as 
important as technique. Here are some of the primary steps 
involved in the preparation of cell nuclei for FISH analysis 
[68, 69, 72].

43.6.1.1  Embryo Selection

It may seem intuitive that if there is an embryo available, you 
might as well biopsy it and process the cell for analysis. It is 
not that straightforward in many cases. Timing of develop-
ment and embryo morphology can greatly impact the ability 
to carry out all subsequent procedures and impact the cost of 
doing so [73, 74].
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It is recommended then that when considering a day three 
biopsy, that the embryo be judged in the morning hours of that 
day for both developmental and morphological features. Only 
those embryos that have attained a 6–10 cell status and a top 
2–3 morphological classification (depending on the formula 
used) should be considered for biopsy. The ideal situation is to 
work with a 7–8 cell pre-biopsy grade 1 (best) embryo, remov-
ing only one cell for analysis. There may be acceptable rea-
sons why more than a single cell is required to be removed 
during any particular biopsy. However, routinely removing 
two cells for purely diagnostic considerations is discouraged. 
As a result of employing the above-mentioned criteria for 
embryo selection, it has been found that developmental timeli-
ness, good morphological parameters, and chromosomal 
euploidy are linked to produce high pregnancy potential [74].

43.6.1.2  Which Blastomere?

Is one blastomere just like any other within an eight-cell stage 
embryo? This is indeed a provocative question, which touches on 
many (developmental) issues other than just biopsy selection. 
However, there are reasons to think that the choice of a particular 
blastomere could have an impact on outcome [75–79].

It is often observed that even normally developing embryos 
divide asynchronously during early division stages. In these 
cases, the embryo may result as a mix of division stage blasto-
meres, resulting in some cells being anatomically larger than 
others; so which to choose? Some of these cells may display a 
visual nucleus, while others may not. Some may house multi-
ple nuclei or microinclusions. Fragmentation present within 
the zona pellucida may have derived as the result of instability 
of a single blastomere. These are all considerations worthy of 
thought during the selection process of the biopsy procedure. 
In many cases, just choosing the blastomere most available 
will suit your biopsy technique. It has not been demonstrated 
that any selection process of a specific blastomere determines 
the effectiveness of PGDAS. However, on the other hand, it 
has not been demonstrated not to. In the future, it may well be 
possible to identify each individual blastomere by positional 
characteristics within the eight-cell stage embryo. This may 
make it possible to always biopsy the same positional cell or to 
biopsy cells in a sequential manner and determine which are 
destined to develop as either trophectoderm (placental) or 
inner-cell mass (fetal) cells during differentiation to the blasto-
cyst or implantation stage.

43.6.1.3  Embryo Biopsy

There are presently numerous and various techniques avail-
able for the successful and effective removal of polar bodies, 
single blastomeres, or trophectoderm cells for chromosomal 
analysis using PGDAS.

Recently introduced technology, making use of a far infra-red 
(48 mm), non-contact laser system, has enhanced the biopsy 
process by making it less stressful on the embryo as well as 
the embryologist [80–83]. Less micromanipulation hardware 
is required and it allows a more precise entry through the 
zonal barrier in order to carry out the biopsy procedure. It is 
recommended then that a laser be added to the micromanipu-
lation armamentarium.

43.6.2  Blastomere Fixation and Techniques

Blastomere preparation and nuclei fixation (required for the 
preparation of chromatin for hybridization) is probably 
the most critical and important procedure involved in the 
entire PGDAS process. Not to make too much of a fine 
point, but fixation is the most important of all the other most 
important procedures to consider. Unfortunately, however, 
not all fixation outcomes resulting from this procedure 
are within the control of the technologist. This is not a com-
forting thought as the diagnostic outcome may very likely 
depend on the integrity and quality of the spread nucleus 
itself. Just as chromosomes undergo rearrangements from 
fully expanded to highly condensed states during the cell 
cycle, the nuclear plasm also changes consistency during this 
process and can affect the extent and characteristics of over-
all spreading and chromatin configuration once fixed for 
hybridization. Of course, if the particular cell chosen was in 
the process of degenerating (apoptotic degradation), then the 
nuclei may also behave in an abnormal manner. Uneven 
thickness of the spread nucleus can cause signal reading con-
fusion post-hybridization, whereas, extended spreading can 
distort signal presentation and skew interpretation of the 
number and characterization of those signals present in 
the sample. These difficulties cannot be entirely avoided by 
any particular spreading technique.

On the other hand, various spreading techniques have 
been established and used successfully to allow for the adher-
ence of an intact nucleus to the hybridization slide. The most 
cited and utilized spreading technique for single cells is a 
modified Tarkowsky’s method using Carnoy’s (3:1 methanol–
acetic acid) solution [84, 85]. The use of a synthetic 
detergent (Tween-20) to assist spreading the nuclei has also 
been reported recently [86].

An especially useful “hybrid” version of both the above
mentioned techniques [87] has been employed with success. 
The benefit of using the hybrid-fix method is that the cell 
can be positioned exactly where required on the slide and 
allowed to dry without the need for constant monitoring to 
observe the “instant” of drying required before applying 
cold Carnoy’s 3:1 solution. This procedure is also much less 
dependent on the environmental humidity factor and aids in 
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the efficient processing of multiple cells and slides within a 
given time frame. However, the use of freshly made solutions 
is always a must.

Embryo blastomeres are much smaller and fragile than 
whole embryos. As a result, manipulation requires more 
agility, concentration, and practice in order to master these 
skills and become successful. Use of high-grade dissection 
scopes and proper manipulation tools are essential.

43.6.2.1  Identification and Mapping Fixed Nuclei

How does one confirm the placement of a nucleus on the 
hybridization slide so that it can be located once again during 
chromosomal analysis following hybridization? This is a 
multi-stepped process that begins with a clean (acid washed) 
microscope slide. The placement of a single cell or multiple 
cells on a single slide utilizes the same basic strategy. Inscribe 
the underside of a slide, using a diamond point pen and place 
a 2–3 mm diameter circle. Fix the nuclei within this circled 
area (as indicated above). Following fixation and drying, 
place the slide on the fluorescence microscope equipped with 
a stage micrometer. Locate the nuclei at low magnification 
and increase to 600×, using a 60× non-oil objective. Using the 
micrometer, document the two-dimensional stage coordinates 
of the centered nuclei. Correctly positioned coordinates are 
the key to locating the hybridized nuclei during the analysis 
phase. Remember, locating nuclei without a detailed map is 
like locating a hubcap in the middle of the Pacific Ocean.

43.6.3  Extended Culture and Tracking 
Individual Embryos

Directly following each embryo biopsy, strict identification, 
handling, and culture of singular embryos is imperative. 
The extended culture system should be able to sustain healthy 
embryo development upto at least the 5 or 6-day blastocyst 
stage.

Each individual embryologist has to be fully informed as to 
the culture system in use and whether or not biopsied embryos 
have been rearranged during the extended culture period.

43.6.4  Paperwork

Proper documentation of each procedure conducted, every 
culture medium and solution used, and each individual 
person conducting a specific activity is absolutely essential. 
Clear and frequent communication between embryolo-
gist, geneticist, nurse coordinator, and physician is critical. 

There are no designated procedures or formats in place to 
cover each program’s unique structure. Therefore, a great 
deal of thought and reflection has to be incorporated into 
each facet of the PGDAS program.

43.6.5  Chromosomal Diagnosis Using FISH

Chromosome detection, using FISH technology, is a powerful 
tool able to analyze single cells for both chromosomal abnor-
malities and single gene detection. FISH has been used 
experimentally and clinically since the mid 1980s [88–92] 
and is now the basis for aneuploidy screening of human 
oocytes and embryos [93].

43.6.5.1  What is Fluorescence In Situ Hybridization?

FISH is based on the competitive association of DNA–DNA 
complementary sequences taking place upon the reannealing 
of denatured strands of chromosomal DNA. This was first 
studied as DNA–DNA competitive duplex hybridization 
reactions (Cot curves), which were able to demonstrate the 
complexity of sequence distribution within the genome prior 
to the development of PCR DNA amplification, which 
allowed the identification of unique nucleotide sequences 
[94–96].

FISH makes use of amplified and fluorescently tagged 
DNA molecules, designed to seek out specific sequences 
residing only on specific chromosomes. The hybridized fluo-
rescent tag can then be visualized using a microscope hous-
ing the appropriate wavelength filter devises. The identity 
and enumeration of that chromosome can then be determined 
[48, 90].

43.6.5.2  Quality Control Issues

Since the clinical use of this technology depends highly on 
the reaction’s specificity and sensitivity, it is imperative that 
every aspect of the test be well quality controlled. Temperature 
is the driving force of the hybridization reaction, and there-
fore, every step must be validated and monitored for accurate 
temperature control.

It is surprising that not all temperature control units used 
for hybridization accurately reflect the programmed temper-
ature output. Closely monitored devises are shown to be 
quite variable as to their ability to attain and sustain the pro-
grammed temperature settings. This can certainly impact 
conditions required to promote highly specific probe hybrid-
ization. This may subsequently render the interpretation of 
outcomes impossible.
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43.6.5.3  Choosing Hybridizing Probes

Fluorescently tagged FISH probes are conveniently available 
commercially for many (but not all) chromosomes [97, 98]. 
Except for the highest volume programs, only preselected 
and packaged groups of probes are available from commer-
cial vendors. However, these encompass those probes that 
detect chromosomes contributing to the most often detected 
abnormal outcomes (miscarriages and affected live births) 
about which patients are most concerned.

The most often tested chromosomes are: 7, 13, 15, 16, 17, 
18, 21, 22, X, & Y.

43.6.5.4  Choosing and Maintaining Filters

The prelabeled commercial FISH probes used (with their 
individual wavelength characteristics) will determine which 
filter sets are required to efficiently detect the emitted wave-
length following excitation of the probe [99–101].

It is normally recommended that single wavelength filters 
be available for each specific probe color used. This enables 
the viewer to determine the specificity and position for each 
emitted wavelength. Dual and triple band pass filters can also 
be useful to combine signal detection within a single view. 
With each additional band pass capture, signal strength is 
compromised due to the decreased filtered light. Thus, a 
quad filter set is usually of no additional benefit.

Unless a “no burn out” filter is purchased, another essential 
quality control parameter is the monitoring of filter “burn 
out.” Filter function and sensitivity should remain high for a 
number of years. However, filters should be checked yearly 
to see if the centers have been bleached. Bleaching will 
reduce signal strength until errors gradually creep into the 
interpretation of hybridization results. This may go unno-
ticed over time due to the gradual nature of the effect.

43.6.5.5  Hybridization Protocols

Current FISH protocols are based primarily on the use of fluo-
rescently tagged DNA probes. This alleviates the use of addi-
tional reactions, such as combining biotinylated signals to the 
hybridized probe in order to detect the probe. It also helps to 
maintain the sensitivity of the test system. Standard protocols 
are now based on the combined denaturation of probes and 
target DNA simultaneously. This is known as codenaturation 
and eliminates the need for two denaturation steps.

Conventional FISH

It is highly recommended that the newer program (just 
commencing FISH in their program) follow the stated 

recommendations and written protocols for hybridization 
supplied by the provider of the DNA probes. Most of the 
times, these can be obtained from the company website, and 
they can always be requested.

Basically, following the identification and scoring of the 
nuclei on a glass slide, probe sets are applied and covered 
with small cover-slips, which are then sealed. The probes 
and sample are codenatured at 75°C for 5 min, followed by 
hybridization at 37°C for 5–16 h. Following hybridization, 
the slides are soaked in solutions prepared to wash unbound 
or nonspecifically bound probe from the sample. The slides 
are left to dry, and then prepared for analysis.

A counter stain/anti-fade solution is applied to the sample 
area and again a cover slip is positioned. The slide is care-
fully placed on the microscope stage and coordinates applied. 
Using a 40–60× (non-oil) objective, the background stained 
nuclei with colored signals is identified.

Microwave FISH

Due to the length of time taken for specific probes to interact 
and bind sufficiently to produce a clear and readable signal, a 
more rapid protocol has been developed to accelerate the pro-
cess [102–104]. The new protocol makes use of microwave 
energy and speeds the interaction of probe and sample, thereby, 
enhancing the hybridizing reaction (Fig. 43.1). In this manner, 
the entire hybridization reaction can take as little as 5 min. 
When using mixed probes, such as those constructed to iden-
tify multiple or amplified sequences (centromeric) along with 
those identifying single copy stretches of sequences, then the 
procedure will extend to 1 h.

This shorter hybridization protocol has been found quite 
useful when applied to multiround FISH (see below).

Multi-Round FISH

Multiple rounds of hybridization cycles, utilizing various 
probe sets, have been employed in order to increase the over-
all number of chromosomes that can be identified from a 
single cell [105]. This can boost the number of chromosomes 
analyzed to 12–13, following three rounds of hybridization.

Clinically though, three rounds of processing may 
actually jeopardize the ability to accurately assess or 
determine the true complement of chromosomes. This is 
due to the loss of variable amounts of chromatin/DNA 
during the extended processing taking place during these 
extra hybridization and washing steps.

43.6.5.6  Equipment and Image Capture Software

It is often unclear where to start when trying to choose the 
most appropriate equipment for a specific process as well as 
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purchasing it at a reasonable cost, while trying to fulfill the 
technical requirements of the new procedure. Luckily, in this 
case, the required pieces of equipment that are not already 
present in the ART laboratory will be minimal. However, 
that is not to say that they will not be expensive.

A good quality fluorescent microscope is the key and is at 
the heart of successful FISH chromosomal analysis. Two 
manufacturers that consistently provide microscopes of this 
quality are Nikon, Inc and Olympus. Both have some unique 
features that can be recommended. However, if your capital 
expense permits, it is recommended that a z-stacking stage 
accessory be included in your selection [106]. This acces-
sory permits the identification of signals that may be other-
wise slightly out of focus due to the inadequate focal depth 
of field provided by your 100× objective. As far as objectives 
are concerned, a high-grade 60× nonoil objective can be 
quite useful when performing your initial identification and 
assessment of probe signals. If reducing the magnification 
during this period is necessary, then oil will not interfere 
with readjustments. Final diagnosis is usually performed 
using the 100× oil objective.

As mentioned in the above section on quality control 
(43.6.5.2), the choice of hybridization equipment should be 
scrutinized closely in order to determine if the temperature 
profile accuracy meets requirements. Hybridization thermo-
control ovens are available and they are quite “handy.” 
However, 37°C humidified CO

2
 incubators (without the CO

2
) 

are equally effective.

Image capture software and computer storage space is essen-
tial for accurate diagnosis and documentation of your results. 
Even though there are others available, it is recommended that 
the image capture programs of Applied Image (AI) be investi-
gated [107]. These programs are now PC managed and network 
capable as well as validated in many laboratories.

Standard lab equipment is easily acquired: water bath 
heaters, pipettes, microscope slides, coplin jars, household 
microwaves, etc. can be purchased from most laboratory 
supply houses or kitchen store sections.

43.6.5.7  The Analysis

Control hybridizations are a basic feature of the clinical diag-
nosis; both positive and negative. Control slides prepared for 
CGH (Vysis, Downers Grove, IL USA) [108] make good pos-
itive controls since they provide not only interphase nuclei but 
also meta-phase stage (condensed) chromosomes plus most 
other stages. This slide can verify that not only did the probes 
hybridize during that particular processing run, but that they 
were specific for the chromosomes they were intended to 
detect. The negative slide will allow you to observe back-
ground noise, especially following multiple rounds of FISH.

Ideally, there will be two individuals trained and profi-
cient in the process of analyzing FISH results. Mastering the 
technical procedures is demanding, but becoming highly 
proficient in the ability to accurately analyze and determine 

Fig. 43.1 (a) 1st round microwave 5 chromosome [13, 16, 18, 21, 22] FISHdiagnosed as normal. (b) 2nd round microwave 4 chromosome 
(X,Y,15,17) FISHdiagnosed as normal
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outcome takes considerable experience. A worthwhile 
exercise to accumulate reference material is to maintain a 
photo-book document, which will allow the review of many 
examples and variations of probe presentations. It is certainly 
recommended that knowledge of chromosomal arrangements 
during the cell cycle be well studied and appreciated. Single 
chromosomes may display doublet signals, which, if misin-
terpreted, can lead to the selection of an abnormal embryo. 
The learning curve is slow, so you must do this on a weekly 
basis to maintain the experience that you gain during these 
exercises.

There are a number of somewhat superficial rules to 
follow when in doubt: (a) determine whether the space in 
between doublet signals is greater or less than two signal 
diameters [109]. Greater will indicate two represented 
chromosomes, while less will signify the separation of 
chromatids of one chromosome. (b) Determine if there are 
connections between the two signals. These connections 
signal the attachment of chromatids. A possibly more 
convincing method is to observe all the signals for tell-tale 
signs of “doublets.” Observing doublets will indicate that 
chromosomes are in a stage of the cell cycle (S phase), 
where chromatids separate.

Strong signals, proper filters, and clear objectives work 
together to enhance the chances of errorfree FISH diagnosis. 
Experience and mental concentration is what your personnel 
have to bring to the process.

43.6.6  Laboratory Space

Every ART facility enters into a program such as PGDAS 
with a laboratory “space” profile. It is rare that the first option 
of a program is to construct a separate PGD facility. If this 
should be the case, then you may want to proceed on to the 
next chapter. If, on the other hand, your program already 
maintains as much laboratory space as it is likely to obtain, 
then reallocation and reorganization is probably in order. It is 
not so much that a PGD laboratory has to be spacious, but it 
does have to utilize the space it has in particular ways.

Due to the nature of the fixatives used to prepare nuclei 
for hybridization, it is recommended that a site for this func-
tion be separate entirely from any aspect of the egg and 
embryo culture environment. If the cell fixative space is sep-
arate and small, then the presence of adequate ventilation 
and controlled humidity is required.

The hybridization process as well as the slide viewing 
operation for signal interpretation, requires relatively little 
overall space. However, this immediate space must have the 
capability of controlling illumination, and again, if small, 
clean fresh ventilation.

43.6.7  What’s the Setup Cost?

The answer to the question of setup cost is highly variable. It may 
depend on any number of situations and circumstances; maybe 
even on the going rate of the Euro and the Yen. On the other 
hand, the primary expenditures encountered will be for big 
item equipment, and of course, qualified personnel (see below).

Not including the requisite micromanipulation station 
employed for embryo/polar body biopsy (or a standard dis-
section scope used primarily for initial cell fixation), there 
are basically only two big ticket items to be purchased.

First, a highquality fluorescent microscope with a full 
complement of objectives (plus 60× non-oil) and possible 
z-stack option capability (as mentioned above) will cost in the 
neighborhood of $35,000. Second, a computer/image capture 
and processing system, along with the necessary filter acces-
sories, will be in the neighborhood of $45,000. If you wish to 
purchase the convenience of a small bench-top hybridization 
heat controller, then add another $3,000 to $5,000.

As with all major purchases of indispensable equipment, 
there will be service contracts in the range of $12,000 to 
$15,000 over a three to five year period.

43.6.8  Qualified Personnel

Within the context of ART, and especially, within the sub-
context of PGD, assessing the quality and qualifications of a 
particular individual is at best, difficult. As might be expected, 
there are few actual qualifications attached to this position, 
other than having good dexterity and some “learning” about 
genetics in general and chromosomes in particular. One does 
not take a graduate course to study clinical embryo preim-
plantation genetic diagnosis (yet). Therefore, individuals 
who are acknowledged to be qualified within this field have 
already spent years in the clinical or animal reproductive 
laboratory performing these intricate operations and diag-
nostic procedures in order to understand early embryo 
development and the genetic/chromosomal implications.

As a result, salary structure for such an individual can be, 
and is, quite variable. A nominal range may vary from 
$50,000 to $200,000, depending on the facility and region of 
the country.

43.7  Personnel Training

As mentioned previously, there is no official academic train-
ing opportunities currently available pertaining to the acqui-
sition of PGD or PGDAS diagnostic knowledge or skills for 
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human ART programs. Many of those individuals currently 
active within this field have been trained in aspects of 
molecular biology, molecular cytogenetics, human genetics, 
animal genetics, or clinical ART. Most of the national board 
certified molecular geneticists (MD or PhD) do not recog-
nize the validity of basing a diagnosis on results obtained 
from a single cell, which may or may not be representative 
of the tissue in question. So, the question remains, how 
will a clinical ART program train or obtain qualified testing 
personnel?

43.7.1  In-House Training

There is a strong likelihood that an existing PGD program or 
commercial business, which functions as a referral lab to 
other ART programs, will not be a ready source of training 
for competing programs. Therefore, in-house training may 
be one option for the ART laboratory. However, there is, at 
present, scarce information available to the clinical technolo-
gist that would serve as a step-by-step instruction source, 
enabling the development of a dependable and consistently 
reliable FISHbased embryo diagnosis operation.

43.7.2  Workshop Training

Various organizations, both here and abroad, make PGDAS 
workshops available to those interested in establishing their 
own in-house program. These workshops can range from a 
pre-congress 1-day session, to the more extensive 3- to 5-day 
hands-on experience. Some may even offer a personalized 
training program for your own staff, with individual atten-
tion to setting up in a specific environment. Each may serve 
a particular need during the development of your facility.

43.7.3  Certification: State, National,  
and Federal

Institutional or individual certification requirements for the 
operation of a program designed to provide a genetic or chro-
mosomal diagnosis for human in vitro cultured eggs and/or 
embryos (at whatever stage of development) is, at present, 
nonexistent. This, however, is likely to change over time. 
The College of American Pathologists (CAP), in coordina-
tion with the Society of Assisted Reproductive Technology 
(SART), has developed an IVF laboratory inspection service 
to meet the requirements of the federal government mandate 
to oversee laboratory function. They are not the only organi-
zation to be so “deemed,” but they are the most utilized 

within the ART community. Although they do not currently 
have specific requirements for a facility performing clinical 
FISH diagnosis, they will include such facilities as an exten-
sion of the IVF lab and require similar quality control param-
eters to be maintained. They also require that the laboratory 
director attain national certification (High Complexity 
Laboratory Director – HCLD) in the specialties of 
Embryology and/or Andrology, which is currently only avail-
able through the agency of the American Board of Bioanalysis 
(ABB) [110, 111].

There are no local or State requirements imposed in order 
to perform PGD or PGDAS on human embryos in particu-
lar. Remember, the diagnosis that is obtained is not applied 
to the patient, only the embryo, therefore, medical certifica-
tion or licensing does not apply. Of course, the program 
operating such a service must be in compliance with Federal, 
State, and local medical licensing and certification standards. 
Therefore, the (titled) laboratory director is under the obliga-
tion to hold the requisite formal educational degree and 
certification.

43.8  Is There A Cost Breakeven Point?

Breakeven points are in the eye of the beholder (or the lease 
holder). Salaries, equipment, supplies, and consumables are 
often a function of locale and leverage. The breakdown that 
is presented here is very approximate, based on 2008 pricing, 
and is only meant to give a very rough estimate of potential 
scenarios. Salaries, of course, will be a major factor over 
time. Capital equipment (plus equipment warrantees) will 
constitute the greatest upfront expense. Supplies and con-
sumables will vary to a degree as the patient base increases 
(or decreases). Dollar amounts are presented as the least to 
be expected. Salary expense is based on acquiring two skilled 
technologists ($100,000 per year each); however, as speci-
fied in (43.6.8), there can be a wide variation in this category. 
Initial equipment costs will run to at least $100,000. Yearly 
supplies (post setup) will likely be in the area of $5,000. 
Consumables (fluorescent probes, etc.) will be factored in as 
a function of the number of patients treated. An average 
expected setup cost would be in the vicinity of $250,000. 
Taking into account that the cost of equipment can be amor-
tized over time (say 5 years), then $150,000 per year, over 5 
years would present a breakeven point of 50 patient cycles 
per year, at a charge of $3,000 per cycle. Of course, if amor-
tization is reduced to 3 years, then either the number of 
patients or the cost per cycles must increase. A charge of 
$3,000 per cycle is not competitive in today’s market but is 
attainable. The breakeven numbers are not as interesting as 
the profit line, and in this respect, a sustainable patient base 
of at least 75–100 cycles per year is a near requirement to 
maintain a clear profit for the PGD program.
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43.8.1  Who Pays for LeftOver Embryo 
Rediagnosis?

The question of who pays for the rediagnosis of abnormal 
embryos, whether obtained by PGD or PGDAS, is really a 
question of whether or not your program performs rediagno-
sis on rejected embryos at all.

The question of rediagnosis has a number of important 
implications. First, this is an important quality control param-
eter, which can be used to verify the initial diagnosis and cal-
culate potential error rates. Second, the problem of mosaicism 
residing within an embryo was only really appreciated through 
the rediagnosis of leftover embryos, so that important infor-
mation can be obtained through this aspect of diagnostic QC. 
Having this information can also be the basis for counseling 
patients about the potential of false positive and false negative 
outcomes, which may impact the overall outcome of any par-
ticular cycle. Third, the rejected embryos make up an excellent 
source of practice material that can play a large role in the 
overall expertise maintained within the program.

Of course, there is the problem of who will absorb the 
cost of performing these follow-up tests. There are presently 
no mandatory regulations that stipulate this type of quality 
control be performed and it is often overlooked when using 
this technology in the clinical setting. However, this type of 
quality control, if employed, should be factored into the 
overall cost of doing business.

43.9  Ethical Considerations

There have always been questions concerning the ethics of 
producing human embryos in vitro no matter how they may 
be used. There were objections voiced from the medical 
establishment when IVF was first suggested for clinical 
application [112]. Today, clinical uses of in vitro-derived 
human embryos are available around the world, but this has 
not quelled the concerns over the proper treatment of these 
embryos from an ethical standpoint [113–116]. Each clinical 
program should understand and be ready to respond to the 
hesitations and concerns that may arise within this context.

43.9.1  Examples of Ethical Dilemmas

Current abilities to manipulate and potentially transform 
in vitro embryos within the ART laboratory gives rise to many 
speculations that are sometimes valid but many times unin-
form and even malicious. Two of the more interesting ethical 
dilemmas arising from the use of these technologies are: (a) 
HLA determination of preimplantation embryos so that stem 

cells issuing from term placental tissue can be used to treat a 
needy sibling [117], (b) determining the sex of embryos for 
patient-driven, non-medical selection [118, 119].

43.10  Government Involvement

Governments outside of the United States have taken steps to 
regulate, and even curtail particular uses of human embryos 
for clinical and research purposes [120–123]. Within the 
United States, few regulations mandate how a program 
should utilize the embryos they produce and leave it up to 
litigation to solve questions of misuse or negligence. There 
are currently no recognized “Code of Conduct or Ethics,” 
covering activities within the ART laboratory and none have 
been proposed here in the United States. There are though, 
professional societies, which have produced position papers 
outlining expected member program practices [124] and the 
Food and Drug Administration (FDA) has issued specific 
requirements on the handling, storage, and use of donor tis-
sue material to include eggs, sperm and embryos [125].

43.11  Genetics and Public Policy

With the clinical uses of PGD and PGDAS (as well as newer 
technologies on the horizon) becoming firmly established as 
an adjunct to infertility practice, questions concerning their 
ethical uses have become more pressing, especially to the 
general public. Every clinical program utilizing these “life 
changing” procedures, should give ethical questions serious 
review and consideration. A good source of information on 
how the public relates to these issues can be viewed on the 
website of the Genetics and Public Policy Center, a Johns 
Hopkins effort funded by The Pew Charitable Trusts. (http://
www.dnapolicy.org/science.assist.php) [126, 127].

43.12  Practice Controversy  
and Philosophical Polarization

Controversy within the clinical and scientific communities 
concerning the use and efficacy of the currently available 
technology used for embryo genetic and chromosomal 
diagnosis is becoming more and more polarized. Research 
supporting the use of FISH PGDAS as a method to increase 
pregnancy rates (especially in the older population) and reduce 
miscarriage events in chronic pregnancy losses, is being called 
into question [128, 129]. There have been recent reports 
that the substandard use of current technology is unable to 
adequately address or solve any of these conditions [130]. 

http://www.dnapolicy.org/science.assist.php
http://www.dnapolicy.org/science.assist.php
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Neither side can claim definitive proof of their respective 
positions at the present time. However, as indicated previously, 
the technical difficulties involved and expertise required in 
order to adequately carry out these procedures are consider-
able and to denounce their use is certainly premature. Patients 
should be aware of the potential benefits as well as specific 
drawbacks pertaining to their particular case when utilizing 
this technology. Genetic and chromosomal analysis of human 
embryos holds great promise in the future and newer technolo-
gies will address many of the current problems and difficulties 
observed in today’s clinical practices [67].

43.13  Summary and Conclusions

Careful consideration is paramount when considering the 
establishment of an in-house ART laboratory program, utilizing 
any of the several technologies presently available to perform 
genetic and/or chromosomal analysis of in vitro grown human 
embryos. The potential benefits, available to those patients 
requiring or wishing to make use of this technology, are con-
siderable. The commitment of a program wishing to make this 
technology available to their patients, is also considerable. 
Technologists must have superior skills and training, capital 
must be available to acquire specialized equipment, and a 
patient base must be present to support the effort.

Newer technology will eventually “leapfrog” and replace 
the current systems of chromosomal and genetic diagnosis. 
However, current technology, utilizing FISH as its diagnostic 
tool, will maintain its place in the ART laboratory for some 
years to come, finding a niche in patient treatment options.
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43.14  Appendix A

Recommended vender sites for PGD/PGS analysis of prepared 
embryo specimens. Request current testing and pricing.
1. Genesis Genetics: Preimplantation Genetic Diagnosis 

(PGD)
http://www.genesisgenetics.org/
2. Genetics & IVF Institute PGD
http://www.givf.com/pgd/whatispgd.cfm
3. Reproductive Genetics Institute

http://www.reproductivegenetics.com/
4. Reprogenetics provides PGD analysis to IVF centers,
http://www.reprogenetics.com/
5. Shady Grove Center for Preimplantation Genetics 

Diagnosis
http://www.pgdcenter.com/pgd_program/
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Abstract Proper selection of embryos with the highest 
implantation potential is essential for successful IVF. 
Traditionally, embryo morphology has been the major selec-
tion criterion used in selecting embryos for transfer. This 
chapter discusses new techniques for evaluating embryo 
competence throughout the culture period.

Keywords Blastocyst • Embryo morphology • Embryo 
scoring • Nucleoli • Polar body • Pronuclei • Sequential scoring 
system

44.1  Introduction

The practice of embryology has been, and currently is, a 
science of meticulous observation, documentation and empiric 
correlations, not too dissimilar to the classical studies in 
biology, anatomy and physiology in the early parts of the last 
two centuries. To date, there have been few easily integrated, 
clinically applicable, systems other than morphology and 
cell-cycle timing, to distinguish and differentiate oocytes 
and embryos from each other. However, it is clear that as we 
observe record and correlate more and more physical and 
morphological features with outcomemeasures and couple 
these observed features to biological, metabolic and molecular 
functions, and live outcome-data, we are becoming more effi-
cient in selecting viable oocytes and embryos in clinical human 
in vitro fertilization (IVF) and assisted reproductive technolo-
gies (ART). Over the last few years, new innovative techniques 
for gamete and embryo selection have begun to emerge, but 
they are still too expensive and have not been fully validated 
for incorporation into a clinical, real life ART laboratory.

In nonhuman laboratory- and agricultural-assisted reproduc-
tion, ovulation induction, in vitro maturation, fertilization, and 
embryo culture and development, the overall efficiency and end 
points of experiments and investigations are scored differently 
to those in human ART. Research in nonhuman fields is not 

focused on the inability to reproduce but on the manipulation of 
reproductive capacity. Genetics, diet, lifestyle, and major clini-
cal issues, which would negate subjects from being considered 
in laboratory trials and investigations in the non-human field, 
are not considered in human fertility treatment because in ART, 
we treat the inability to perform reproduction and attempt 
to overcome this inability to conceive and ultimately deliver a 
healthy infant. Female age, male reproductive potential, 
and previous male and female fertility profile are the major, and 
often the only, or rate limiting, issues considered in human ART. 
Research in the nonhuman reproductive field is directed and 
controlled, whereas research in the human ART field is empiric 
and based on observation and outcome data, where the subjects 
of study are also the subjects of treatment, and are often very 
poor controls for outcome data and any studies at hand.

With these considerations in mind, the key morphological 
features that are used for embryo selection also need to be 
tailored to fit the fertility profiles of both partners, and deci-
sions made accordingly. Gamete and embryo selection needs 
to be dynamic since embryos are not static and more than 
one point in an embryos development should be used to 
decide the embryo for transfer [1]. Using a sequential embryo 
selection technique (SES), a profile of the developing embryo 
can be drawn/profiled, and if morphology is coupled to biol-
ogy [2, 3], this profile can then help in selecting embryos 
with the maximum potential for implantation. The key 
element in developing a scoring system that can be used in a 
repeatable manner is timing; when are observations made? If 
observations are made relevant to hCG or to insemination, 
then data can be compared. If it is random, the results will 
reflect this with wide variations and little correlation.

This chapter presents the key scoring techniques, couple 
these to biology, and show how SES can be implemented at 
each stage of embryo scoring/selection.

44.2  Gamete Scoring

Gamete selection is not possible in any standard-insemination 
case. In these cases all oocytes are “selected” for insemination 
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and sperm are selected by gross separation/preparation 
techniques. The resulting fertilized oocytes are the result of 
the “fittest are fertilized”. In ICSI cases, which only account 
for about 40% of all ART cases performed, the only morpho-
logical features that are generally considered are: is the 
oocyte mature/MII (have a visible polar body)? Are sperm 
motile and the correct shape? If there are very few sperm, 
anything that is moving is used. Within the constraints of 
delivering care, what an oocyte or sperm looks like will not 
dictate its use. The aim in ART is an embryo to score rather 
than gamete selection or more accurately, nonselection. 
Thus, data on oocyte and sperm morphology correlated to 
outcome data is lacking in the literature since the goal to cre-
ate an embryo for transfer overrides all other observational 
techniques and parameters. Furthermore, there have been 
few techniques or parameters of gamete selection presented 
that have proven to be clinically relevant.

During maturation, the oocyte is dynamic and undergoes 
many physical changes, which include shrinking and expand-
ing and finally the formation/extrusion of the first polar body 
PB1), which results in an oocyte that has a definite pole (defined 
by the first PB1) and which in the human (unlike the mouse) is 
spherical within the ZP. It is three dimensional, and everything 
that is scored or “seen” has to be related to this three dimen-
sional aspect, regardless of the poles or orientation of the PB1.

On recording oocyte, morphology certain parameters have 
pointed to competence. There has been little definitive corre-
lation of the overall morphology of the oocyte and outcome. 
Some reports point to the cytoplasmic appearance as being 
important, while others indicate little correlation [4–7]. 
Oocyte variance could result for patient and population varia-
tions or the stimulation protocols. No one parameter has been 
shown to affect implantation rates in a definitive manner.

The first polar body has been used as an indicator of 
oocyte competence. The LH surge or hCG injection triggers 
the final maturation events within the follicle, leading to the 
completion of the first meiotic division with extrusion of the 
first polar body, which is complete by about 40 h after hCG. 
The first polar body results from a very asymmetric cell divi-
sion, resulting in a small polar body and large oocyte, ensur-
ing only a fraction of cytoplasm is lost to the oocyte with the 
extrusion of half the DNA complement.

Most of the key signaling events that occur rapidly in the 
oocyte are controlled by protein kinases. The extrusion of the 
first polar body, formation of the spindle and condensation of 
chromosomes onto the spindle and finally its migration to the 
periphery of the oocyte are signaled and controlled by the 
c-Mos-MAPK pathway [8, 9]. After extrusion of the first 
polar body, the c-Mos-MAPK are involved in its degradation 
[9, 10] which is time-dependent and is complete by about 
20 h in the human [11].

The first polar body morphology can give some insights 
to the events of meiotic spindle formation and the correct 

sequence of certain signaling events in the oocyte. Abnormally 
sized polar bodies will indicate a disruption in the spindle 
migration, which may indicate an aneuploid oocyte. Early 
fragmentation of the polar body may also indicate a disrup-
tion of the c-Mos-MAPK pathway, which again has implica-
tions for oocyte quality. This could be through the spindle 
and nondisjunction events or timing of cellular processes 
related to cell cycle control. Some studies have indeed linked 
the fragmentation of first polar bodies to decreased in vitro 
developmental competence and reduced implantation rates 
in human IVF [12–14]. These studies showed lowered fertil-
ization rates, lowered development rates to the blastocyst 
stage and decreased implantation rates when the embryos 
were transferred. During ICSI cases, the state of the polar 
body can easily be recorded and embryos resulting from 
oocytes with abnormal or fragmenting polar bodies can be 
avoided. During IVF cycles, this presents a problem in that 
the cumulus mass is generally not removed. (see Fig. 44.1 
for examples of PB morphology)

Some new microscopic techniques are available for viable 
sperm selection, using ultramicroscopic techniques [15], 
where head morphology becomes vital. However, these have 
not been validated in controlled clinical settings. The Hyaluran 
Binding Assay and “Sperm Chromatin Condensation Assay” 
have not proven efficacious when tested in controlled trials. 
Thus, sperm selection is still not done (standard insemination) 
and if it is (ICSI), it is by gross morphology and motility.

At the oocyte level, new technologies are available that 
may prove to be efficacious in the selection of viable oocytes 
with differential developmental are available. These include 
the appearance and shape of the metaphase spindle [16, 17], 
the birefringence, shape and thickness of the zona pellucida 
[18, 19], and oocyte respiration rates [20].

Zona: The zona pellucida (ZP) is an integral part of the 
oocyte since it is laid down by the developing oocyte during 
oogenesis. ZP material can be detected within the oocyte as 
early as in primordial follicles, and as the oocyte matures to 
primary and secondary stages, it moves to the oocyte periph-
ery and then forms the ZP. Flaws in the ZP would suggest a 
flaw in the oocyte. [21]. The ZP is a trilaminate structure with 
aspects of a polarized structure, allowing visualization by 
polarized light microscopy. Variations in zona structure may 
affect sperm binding and this has been shown to correlate 
with abnormal embryo development [22, 23]. Polarized light 
microscopy highlights two different abnormalities in the 
zona: Birefringence of the layers: the outside layer should 
be polarized, the inner layer scattered and the middle layer 
partially polarized.

The second measurable aspect of the ZP is the regularity 
of zona, which can be quantified with birefringence. Oocytes 
in which ZP displays breaks or the irregularity of bire-
fringence has proved to have lowered postfertilization poten-
tial [18, 24].
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This system, or the use of polarized light microscopy to 
illuminate aspects of oocyte morphology, is an emerging 
technique, has not been fully validated in a clinical setting and 
requires the investment and introduction of new technology 
into the laboratory, which may limit its use in the short term. 
At present, it does not supercede the current morphology 
scoring and is not likely to result in rejection of oocytes until 
very strong pregnancy outcome data are available.

44.2.1  The Spindle

Ovulated or mature oocytes are arrested in the second meiotic 
division at metaphase II. The metaphase II spindle is bipolar 
with microtubules running from pole to pole with the chro-
mosomes attached to it on the equatorial plane. The spindle is 
comprised of long microtubules, which run pole to pole and 
pass through the metaphase plate and short microtubules, 
which are associated with the chromosomes through their 
kinetechores. The whole structure is not static and turns over 
rapidly with assembly and disassembly of the tubulin mole-
cules at each end [25]. Further, temperature drops to below 35 °C 
will also result in depolymerization and loss of structure.

The polarity of the spindle can be used to visualize with 
polarized light microscopy. Using this technique both the 
position of the spindle and its shape, is it bipolar or is there a 

disruption in shape, can be deduced. Spindles that are not 
bipolar have been associated with aneuploidy and aging [26]. 
Most spindles are in the hemisphere of the polar bodies, but 
rarely under them since there is movement away from the PB 
with time and with aging [27–29]. However, the data are not 
vast and due to the sensitive working environment, and 
the need to manipulate the oocytes in order to visualize the 
spindle, this has resulted in fairly limited use for clinical appli-
cation. The largest application here will be in countries 
where limited numbers of oocytes can be used in fertiliza-
tion or in egg cryo-banking.

44.2.2  Oocyte Respiration

Oocyte and embryo metabolism and respiration profiles have 
been suggested as means of differential selection for years. 
Very few studies have been conducted on human oocytes; 
however with new noninvasive technologies, this may 
become a means of oocyte selection [20]. Oocyte respiration 
has been shown to differ between oocytes and between 
cohorts and be correlated with already known fertility param-
eters such as age, FSH levels, and certain disease profiles, 
such as endometriosis and PCOS. It was also shown to 
correlate with oocyte health and ability to mature, but no 
outcome data either for fertilization or embryo development 

Fig. 44.1 Polar body morphologies: Panel a, b are normal; panel c the PB is flat and ill-defined; panel d, the PB has divided and is too large; panel 
e the PB is detached and could indicate an aged or abnormal oocyte; panel F the PB has not fully extruded which may indicate it is newly formed 
or abnormal
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from these studies is available [20]. However, certification of 
the instrumentation and validation in a clinical setting is still 
required, and at present this is years away.

The drawback to each of these techniques is the lack of 
sound clinical data and controlled trials and the fact that the 
oocyte is not the whole story in embryo and fetal development. 
Although the oocyte is a powerful cell with the ability to cor-
rect some sperm dysfunction, such as minor DNA fragmenta-
tion, it still cannot overcome the fundamental flaws in sperm.

44.3  The Fertilized Oocyte

Fertilization is a very dynamic process, and as the sperm 
enters, there are waves of calcium release, mitochondrial acti-
vation, and dynamic cellular changes (see chapter by Sutovsky). 
During the fertilization process, the male and female pronuclei 
become visible and move/rotate into the center of the oocyte, 
with the concomitant extrusion of the second polar body. 
Timing of all embryo development events is systematic thus 
scoring also needs to be systematic. The time from hCG or 
fertilization of the events described will also be given.

After formation of the male pronucleus, there is further 
movement of the cytoplasm, to bring the nuclei together in a 
central position. As this occurs, there is continual movement 
of streaming of the nuclei and cytoplasm that can be observed 
on time-lapse video photography and appears as the halo in 
single observations [30, 31]. The presence of a halo in the 
pronuclear embryo at 16–18 h after insemination (56–58 h 
post hCG) is an indicator that redistribution of mitochondria 
is occurring, the cytoplasm is competent and is moving.

The one cell-fertilized oocyte has a number of features 
that have been strongly correlated with development compe-
tence in vitro, after transfer in vivo and with the aneuploidy 
status of the embryo. The main parameters that are scored at 
16–18 h post insemination (56–58 h post hCG) are the num-
ber, position and size of the pronuclei, the number, alignment 
and size of the nucleolar precursor bodies (NPB’s) within the 
pronuclei, and the appearance of the cytoplasm, or “halo”.

There should be two nuclei of approximately the same 
size and centrally located. Nuclei that are not closely aligned 
will result in lack of alignment of male and female chroma-
tin, lack of crossing over and the potential formation of a 
two-cell embryo in which the nuclear material in one cell is 
purely female and in the other male in origin, since the first 
cleavage plane is through the pronuclear axis, which is on the 
metaphase plate. Nuclei which are not centrally located will 
also result in abnormal first mitotic cleavage for the same 
reasons, resulting in a two-cell embryo with uneven cell size 
(see day 2 scoring). Nuclei of very different sizes have been 
shown to result in embryos that are aneuploid in the vast 
majority of cases [32].

The most important aspect of day 1 scoring is the spatial 
distribution of the NPB’s within the nuclei, the numbers and 
size of the NPB’s per nucleus, and the symmetry of these 
characteristics between the nuclei at 16–18 h post insemina-
tion (56–58 h post hCG). Using these parameters, fertilized 
oocytes can be assigned to two main groups, normal and 
abnormal. There are a number of scoring system, but all look 
at essentially the same characteristics and all assign normal 
vs. abnormal on the same parameters (Fig. 44.2). The most 
commonly used formats are the Tesarik and the Z-Score sys-
tems [2, 31, 33, 34]. Both require equality of numbers and 
symmetry of distribution for a normal designation, and any 
variation from results in lowered potential of that fertilized 
oocyte, both in vitro and after transfer [33, 35–39]. A more 
recent finding is that the numbers of NPB’s should ideally be 
five to seven per nucleus [20] (Fig. 44.3).

The basis of pronuclear scoring relates to the chromatin, 
condensation of the chromatin onto the spindle and the cell 
cycle. An important feature of pronuclear scoring is the con-
cept that both the oocyte and the nuclei are spherical and that 
the spindle is not flat. Further, the nuclei and NPB’s align 
onto the spindle and that the spindle may lie in any plane 
between them, with chromatin condensing into chromo-
somes and attaching to the spindle. To score the NPBs 
requires mental rotation of the nuclei in order to look at the 
NPBs relative to a 2D plane between the nuclei. Scoring the 
numbers and alignment of the NPBs relates to the function of 
these organelles and the way they relate to the ability of the 
embryo to develop [2, 3].

As an oocyte develops from a primordial oocyte to a 
mature MII stage, they are growing and actively forming 
new protein, which is accomplished by the nucleoli. During 
the final stages of maturation, growth stops and the nucleoli 
disassemble into component parts, only reforming when the 
embryo begins growing again. All proteins in any cell are 
constructed on the nucleoli. Nucleoli are also the sites of 
ribosomal RNA (rRNA) production, and the production of 
some growth factors and developmental regulatory proteins 
[40]. The nucleoli develop on DNA at sites where the genes 
for rDNA are located, which are referred to as the nucleolar 
organizing regions (NORS) [41]. The NORs are clustered on 
the DNA on heterochromatin adjacent to rDNA genes. There 
are only five NOR-bearing chromosomes: 13, 14, 15, 21 and 
22; the heterochromatic chromosomes [42]. Interestingly, 
these are also the chromosomes most likely to be abnormal 
during aneuploidy screening and pronuclear scoring has been 
correlated with aneuploidy [43].

Structurally, there are three functional components in 
nucleoli: the dense fibrillar component (DFC) that is required 
for transcription, the fibrillar component (FC) that is surrounded 
by the DFC and that stores inactive transcription factors and is 
the centre of the nucleolus and the granular or cytoplasmic 
component (GC) [23, 41]. During oocyte development, when 
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the nucleoli disassemble, only the FC region remains; this is 
what is visible in the nuclei as the chromatin condenses and 
what is “scored” during pronuclear scoring. NPB’s are the FC 
region on chromosomes 13, 14, 15, 21 and 22, the five hetero-
chromatic chromosomes. In essence, what is being indirectly 
seen during scoring is the condensation of chromatin from 
these five chromosomes onto the spindle.

All human cells, including embryos and sperm, have 
between two and seven nucleoli per cell. During any mitotic 
cell division they dissociate into their component parts and 
the mitotic daughter cells show synchrony between the nuclei 
in terms of nucleoli content and patterns, with any asynchrony 
being attributed to abnormal chromosomal function [41].In 
abnormal cell division or growth, such as in tumors and other 
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Fig. 44.2 Pronuclear score: The “new” designation describes a numerical 
system for each form of pronuclear pattern that can be seen. The pictures 
show how the NPBs can be visualized. The Z score relates to the system 
most commonly used, and how the observed patterns are scored. Use of 

an embryo is ideally 1, 3, 2, 4. Type 5 (Z-3) result in lowered but 
adequate positive pregnancy tests but few live offspring. Type 8 are the 
next best embryos after 1–4, but have lowered pregnancy rates. Types 9 
and 10 are mainly abnormal and should not be used in transfer
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cancerous tissue, there are more than the expected number of 
NORs or NORs of differing, abnormal or unequal sizes in 
mitotic daughter cells. Nucleoli are also connected to the 
process of aging, where the nucleoli begin to fragment, result-
ing in an increased number of dense bodies in the cells [44].

When chromatin begins to condense onto the mitotic 
spindle, the NPBs will appear to condense onto the spindle 
and be visible. In PN scoring, the lack of symmetry in this 
condensation is seen as unequal alignment of NPBs, unequal 
numbers of NPBs and different sizes which means delayed 
or fast condensation in one nucleus. This may also indicate 
abnormal or asynchronous karyo- and cyto-kinesis, which 
may result in embryos with little developmental potential.

Nucleoli are also connected to the process of aging, where 
the nucleoli begin to fragment, resulting in an increased 
number of dense bodies in the cells [44]. Thus inequality in 
NPB’s between nuclei in oocytes will lead to abnormal 
development and increased number may indicate fragmenta-
tion and aging.

Strong correlations have been shown between PN score 
and aneuploidy with the incidence of chromosomally normal 
embryos being highest with equal sized nuclei and equal 
numbers of NPB that are aligned [43, 45–47].

Another aspect of pronuclear embryos that has been used 
as an indication of developmental competence is the appear-
ance of a halo, or clearing in the cytoplasm on the periphery 
of the embryo [31, 48]. There are a number of theories as to 
what the streaming or halo represents. In low order animals, 
there is a similar streaming or cytoplasmic movement that 
sets up many of the fundamental axes that the embryo uses 
through development as well as localizing certain organelles 
into defined areas in the embryo [49–52]. Recent work 

indicates that axis formation and polarity in the mammalian 
embryo is a key to developmental competence and that this 
can begin as early as the oocyte [49, 51, 53, 54]. If this 
streaming is indicative of polarity and axis formation, it 
could be an easily observable parameter to use in embryo 
selection. In the human, the halo effect could also be attrib-
uted to the redistribution of mitochondria, with polarized 
mitochondria on the periphery and a dense core in the center 
of the embryo around the nuclei [55, 56]. Polarized mito-
chondria are localized in the periphery of the oocyte such 
that they can react to calcium signaling during sperm entry.

44.4  Scoring the Cleaving Embryo

44.4.1  Early Cleavage

The scoring term “early cleavage” (EC), designates fertilized 
oocytes that have nuclear membrane break down and the first 
mitotic division, at a set time after fertilization and hCG [31, 
57–59]. EC is generally performed between 22 and 26 h 
post-insemination. The literature varies in timing and also in 
results, which could be a consequence of the lack of consen-
sus as to when this parameter should be scored. [57, 60–62]. 
Variations in timing of as much as 4 h could lead to very 
different results. The timing of observation is crucial since 
entry into the first mitotic division is very rapid with fast 
breakdown of the nuclear membranes and then cleavage to 
the two cell stage. Embryos that undergo early cleavage 
(two-cell by at least 25 h post insemination) certainly are on 
a correct time clock and also tend to have better scores on 

Fig. 44.3 Ratio of NPB’s per pronucleus
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day 2 and on day 3 and also result in higher implantation 
rates [60]. EC can be an added parameter in sequential 
embryo selection, especially when there are multiple 
embryos. Its use with fewer embryos may not be as great and 
may merely add another time point at which the embryos 
need to be removed from the incubator.

44.4.2  Day 2 Scoring

The completion of fertilization occurs with the first mitotic 
cell division, forming the two-cell embryo. This division is 
slightly unequal (as with the two polar bodies), is not random 
and the resulting cells are elliptical, not ovoid. The first 
mitotic division is an active one with the blastomeres moving 
and pulsing and rotating and finally arranging themselves 
into the two-cell embryo, which is not like animal models 
where it is a clean division with no rotation. After this divi-
sion, the blastomeres do not rotate as much and settle into 
fixed positions. However, the second and third divisions, 
which happen in rapid succession, resulting in a four-cell 
embryo are also dynamic with pulsing and blastomere move-
ment and some rotation. Due to the very dynamic nature of 
these first mitotic divisions, and the fact that embryos are on 
a time clock that starts with the LH surge/hCG injection [63, 
64], day 2 scoring needs to be timed very carefully. The sub-
sequent divisions have a degree of asynchrony, probably to 
allow spatial orientation in the embryo, which is also corre-
lated with increased developmental potential [65].

The position of the meiotic spindle in the oocyte will affect 
this fist cleavage division. If it is off center, the oocyte may 
cleave down a plane that would result in a two-cell embryo 
with very different cell sizes. This becomes important when 
considering cell linage and the abnormal cytokinesis in this 
event will lead to blastocysts with allocation of cellular con-
stituents that are abnormal [1, 54, 66–68]. If unequal cleavage 
was not due to aberrant positioning of the spindle, any cytoki-
nesis resulting in two cells of grossly different sizes would 
suggest abnormal cellular processes resulting in an embryo 
with little developmental potential [69].

Day 2 scoring is probably the most important scoring 
point for embryos. When coupled to day1 pronuclear scor-
ing, it allows for the selection of embryos that have origi-
nated from gametes that are most likely normal. Day 2 
scoring considers three main parameters. At a set point, gen-
erally 42–44 h after insemination, the number of blastomeres 
are counted, the state of nucleation within these blastomeres 
scored and the relative sizes of each blastomeres recorded.

Ideally, an embryo should be at the four-cell stage by 
42–44 h post-insemination. Embryos with uneven numbers of 
blastomeres (three and five) are generally abnormal unless the 
three-cell embryo progresses very rapidly to a four-cell stage. 
Five cell and greater embryos are cleaving too fast or originate 

from multinucleated embryos at the two-cell stage (see below). 
Embryos that are at the two-cell stage are necessarily develop-
ing slower than the four-cell embryos. It has been shown that 
embryos that are at the four-cell stage have greater develop-
mental potential than those at the two-cell [33].

Multinucleation can arise through various mechanisms. 
In embryos, it could be true multinucleation or it could be 
nuclear fragmentation, many small nuclei. At the two-four 
cell stage, multinucleation arises through an abnormal 
mitotic event at the end of the fertilization process. This 
could be a duplication of the microtubule-organizing center 
(MTOC), which is known to occur in cells placed in culture 
[70]. It could indicate that spindle integrity and the mitotic 
process in the oocyte have been disrupted. It can also arise 
when karyokinesis occurs without cytokynesis. Whatever 
the cause, two and four-cell embryos with multinucleation 
have a lowered implantation rate [40, 71] and an increased 
incidence of aneuploidy [72, 73]. However, if only one cell is 
affected, they can give rise to normal offspring [74].

Polyspermic oocytes will often spontaneously cleave 
from the one cell stage to three and four-cell embryos. This 
is due to three (or more) centriole positions being set up and 
thus greater than one cleavage plane. Applying this to multi-
nucleated blastomeres, what can occur is multiple planes of 
cleavage. This will result in embryos with greater than the 
expected number of blastomeres and within these, there may 
be no chromatin or fragments of chromatin, resulting in ane-
uploidy and decreased developmental potential.

The third aspect of day 2 scoring is the evenness of cell 
size. This relates directly to cleavage planes and spindles (see 
above). Allocation of cellular components is also affected, as 
is continued development. It is a very easy parameter to score 
and correlates directly with implantation potential [1]. (See 
Fig. 44.4–44.6 for day 2 scoring parameters)

Finally, without day 2 scoring, there is no information on 
the timing of development from the one-cell fertilized oocyte to 
the six to eight cell stage. Cell cycles are fundamental to gene 
expression and the events that occur in a sequential manner in 
the developing embryo. If an embryo’s cell cycle is not on the 
basic rhythm, the resulting blastocyst will be abnormal and fail 
to implant. Figure 44.7 presents two embryos where cleavage 
was delayed and which resulted in adequate day 3 embryos, but 
which were grossly abnormal. Without the information from 
day 2, these could conceivably be used in either transfer or 
cryopreservation, on the basis of their day 3 morphology.

44.4.3  Day 3 Scoring

In embryos from the two to eight cell stage, there can only be 
three sizes of cells and no more than two sizes in any one 
embryo, which correspond to the cell stages [65]. The orien-
tation of these in a three dimensional space is also important 
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Fig. 44.4 Day 2, 2-cell morphology. Panel a, even sized, one nucleus per blastomeres; panel b, even size but multinucleated; panel c, Uneven 
sized blastomeres (30% difference)

Fig. 44.5 Day 2, 4-cell morphology: Panel a, good even sized 4-cell embryo with one nucleus per blastomere; panel b, Uneven sized blastomeres,; 
panel c Uneven sized blastomeres and multinucleation; panel d, abnormal cleavage planes, abnormal development
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Fig. 44.7 Development of 2 embryos from day to day 3. The upper panel 
shows an embryo that failed to cleave on time from Day 1 to Day 2 but then 
went though rapid cleavage to an 8-cell stage (or spontaneously cleaved 
from a 1 cell to 8-cell, due initial karyokinesis without cytokinesis). 

The lower panels show an embryo that cleaved to an even celled 3-cell 
embryo and then into an adequate 6-cell embryo. The formation of 3-cell 
embryos is abnormal. The FISH results on both embryos indicated that both 
were highly abnormal, and which could be predicted from Day 2 scoring

Fig. 44.6 The progression of multinucleated 2-cell embryo, through the 4-cell stage, showing continued multi-nucleation, the formation of an 
adequate 8-cell embryo prior to biopsy and finally a hatching Day 6 blastocyst. The FISH results from this embryo indicate a highly abnormal 
embryo, complex abnormal, which was predicted from Day 2 scoring
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for the directional development of the embryo and fetus  
[49, 53, 75].

All of these points have been realized in scoring systems 
that variously show that the morphology of cleaving embryos, 
[76–81] the degree of fragmentation [77, 82, 83], and the 
degree of multinucleation impacts on implantation [84, 85].

Since embryos are on time clocks, the rate of develop-
ment is also important. The embryo initiates key develop-
mental events related to this clock and not according to the 
cell number [63]. This is shown clinically where the rate of 
development of embryos in vitro has an impact on blastocyst 
formation and implantation potential [86, 87].

As the embryo begins to compact at the eight to 16 cell 
stage and form tight junctions, an inside and outside, or the 
first differentiation of cell types, occurs. There need to be 
sufficient cells in the embryo for this to occur correctly. Early 
compaction could lead to an embryo that allocates all its cells 
to the outside, which will go on to form a trophoblastic vesi-
cle with no inner cell mass and therefore no ability to develop 
a fetus [64]. Early compaction can only be observed if 
embryos are scored sequentially.

Cleaving embryos can therefore be scored for cell number 
at a set point after hCG, the equality of cell size, the three 
dimensional distribution of the cells, the degree of fragmen-
tation and multinucleation (see below), and the degree to 
which they are beginning to compact.

44.5  Blastocysts Formation and Scoring

As the embryo compacts at the eight to 16 cell stage, refractile 
bodies that are found in all blastomers from the one-cell stage 
onward begin to fuse in specific areas to form the blastocoel. 
This is initially between the cells making up the outside and 
inside of the morula [88]. If there are too few cells in the 
embryo, this process cannot occur normally, leading to a 
nonviable blastocyst. As the embryo grows, the blastocoel 
expands in volume. If these vesicles are forming too early, 
seen as a paving like vacuole formation in the early morula, 
it could indicate a disruption of the embryonic clock.

Once the blastocoel is formed, the outside cells are totally 
committed to become trophectoderm. These cells proliferate 
in the early blastocyst but not in the expanded blastocyst 
[89]. In early blastocysts, there should be a ring of evenly 
spaced, evenly sized cells all around the periphery of the 
embryo, indicating that proliferation is occurring. At expan-
sion, the trophectoderm cells transform into giant-cells, 
which can be seen as elongation of the more mural trophec-
toderm. At one side of the blastocoel, there should be a group 
of evenly sized cells, protruding into the cavity, the inner cell 
mass (ICM). In the region of the ICM, the trophectoderm 
cells, or polar trophectoderm, remain mitotically active with 

a net flow of cells from this region to the opposite side, or 
mural area [90]. The junction between the polar and mural 
trophectoderm can be distinguished through the processes or 
finger like projections, that extend from the migrating polar 
cells to the ICM [89, 91]. These should breakdown as the 
cells move into the mural area.

The region where the ICM is located is the polar region, the 
point at which the polar body should still be located, and the 
site that defines the embryonic-abembryonic [54, 75], the first 
defining axis of gastrulation in the fetus [92, 93] and the dorso-
ventral and left right axes of the fetus [94, 95]. As the blasto-
cyst fully expands, it increases in size and the inner ICM 
begins to flatten. The morphology of blastocysts in vitro has 
been studied and various scoring systems developed [96–98]. 
An ideal blastocyst should have a blastocoel with an adequate 
number of evenly spaced equal sized cells in the trophecto-
derm, and an obvious ICM that is compact and comprised of 
equal sized cells by approximately 154 h post hCG or 112–
114 h post-insemination. Overly expanded blastocyst should 
be avoided as they have been shown to have a lower implanta-
tion rates [86]. Blastocysts with finger like projections stretch-
ing across the blastocoel from the trophectoderm to the ICM 
[51] show a failure of full migration of the polar cells to the 
mural region, which could lead to developmental anomalies.

44.6  Conclusions

Within the confines of a clinical ART practice, the best methods 
of embryo selection are those that do as little harm to, and 
rely on the basic biology of the oocyte and embryo. These 
techniques are easily accomplished with the tools currently 
available to the working laboratory, and merely require time 
and accurate documentation. Oocytes and embryos need to 
be separated so that they can be followed individually and 
scoring and recording done in a timely fashion, dictated by 
the biology of the event and not the work day clock. The 
oocyte/embryo clock, ideally set at the time of hCG injec-
tion, should dictate all scoring and recording. This may 
require an adjustment of timing of procedures in practice as 
a whole or just in the time that key scoring is performed. 
Whatever the day of embryo transfer is, there should be 
sequential selection and not a single static evaluation of the 
embryo. This should start in the ovary and continue through 
until embryo transfer. Each oocyte and embryo needs to be 
scored at each point with elimination occurring on the basis 
of the parameter being assessed, regardless of the resulting 
embryo morphology.

Taking into account the various points of selection and the 
biology behind each criteria, the embryo should dictate and 
not the day of development, for transfer. Assuming a sequen-
tial selection system, an embryo that does not pass a scoring 



67344 Evaluation and Selection of Preimplantation Embryos for Transfer

“gate” should be deselected, regardless of the morphology 
on subsequent days. In this manner, the fittest embryos on 
each day can be determined and selected for transfer of cryo-
preservation. If, within a cohort, only two or three embryos 
pass the first scoring point, a day 2 transfer can be performed. 
The same situation pertains on day 2, as allowing selection 
of embryos on day 3 from a poor day-2 cohort will not 
increase the like hood of success. Figure 44.8 provides a 
guideline for embryo selection and transfer day, on the basis 
of strict sequential selection.
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Abstract Since the first pregnancy using in vitro fertilization 
(IVF) was achieved nearly 30 years ago, many aspects 
of this procedure have undergone significant progress. In  
contrast, the technique of embryo transfer (ET) has remained 
relatively unchanged. A simple yet critical element in the 
final step of IVF, embryo transfer, has received little atten-
tion until recently. As poor implantation rates have increas-
ingly hindered the growing success of IVF, the procedure 
of embryo transfer is now under great scrutiny. While poor 
embryo quality or suboptimal uterine receptivity may be 
responsible for implantation failures, the transfer technique 
itself is now also recognized as an important determinant of 
IVF success. Optimizing the technique of embryo transfer 
should take several factors into consideration.

In general, the procedure starts by placing a speculum in 
the vagina to visualize the cervix, which is cleansed with 
saline solution or culture media. Additional mucus in the 
cervical canal can be aspirated using a sterile syringe.  
A transfer catheter is loaded with the embryos and handed to 
the clinician after confirmation of the patient’s identity. The 
catheter is inserted through the cervical canal and advanced 
into the uterine cavity where the embryos are deposited. The 
catheter is then withdrawn and handed to the embryologist 
who inspects it for retained embryos.

The ultimate goal of a successful embryo transfer is to 
deliver the embryos atraumatically to a location in the uterus 
where implantation is maximized. Potential reasons for a 
failed transfer include disruption of the endometrium by the 
catheter, induction of uterine contractions, deposition of the 
embryos in a suboptimal location, or damage to the embryos 
during the process. Numerous technical aspects of this pro-

cedure have been studied to minimize these complications 
and determine their effect on pregnancy outcome. Though 
much of the published data that evaluate these factors are 
conflicting or are confounded by variables in the IVF pro-
cess that are difficult to hold constant, several aspects of the 
procedure warrant consideration.

Keywords Embryo transfer • Embryo culture medium • 
Antibiotics • Ultrasound guidance • Transfer catheter

45.1  Ease of Transfer

An abundance of literature suggests that the overall “ease” of 
the embryo transfer is strongly correlated to pregnancy 
outcome [1–5]. Despite the apparent simplicity of this proce-
dure, difficult transfers often occur and have been shown to 
significantly lower pregnancy and implantation rates com-
pared to easy transfers [2]. The “difficulty” of a transfer is 
somewhat subjective but is often used to describe transfers 
that are time consuming, require a firmer catheter, cause dis-
comfort, or involve additional instrumentation such as a ten-
aculum. One mechanism by which difficult or traumatic 
transfers can hinder implantation is thought to be through the 
stimulation of uterine contractions [6, 7]. Contractions may 
be initiated by fundal contact or cervical manipulation asso-
ciated with the release of prostaglandins and oxytocin [6, 8]. 
Presence of blood on the catheter, often an indication of a 
difficult transfer, is also associated with decreased pregnancy 
rates and a higher incidence of retained embryos [4, 9]. 
Despite its subjectivity, “ease of transfer” is generally accepted 
as an important factor in successful implantation.

The most common reasons for a difficult transfer are cer-
vical stenosis or a large degree of ante/retroversion or ante/
retroflexion of the uterus [10, 11]. Several methods have 
been suggested and evaluated as ways to minimize the diffi-
culty of a transfer, including trial transfer, ultrasound guid-
ance, and use of a soft catheter.
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45.2  Trial Transfers

Trial transfers, or mock transfers, can be done at any point 
prior to the actual transfer, but the two most common times 
are prior to starting an ovarian stimulation and immediately 
before the actual embryo transfer. Some in vitro fertilization 
(IVF) centers will perform trial transfers at both of these 
points. During the trial transfer prior to stimulation, a cathe-
ter is often advanced to the uterine fundus in order to mea-
sure the full length of the uterine cavity and cervical canal. 
Any notes regarding the type of speculum required, type of 
catheter used, need for a tenaculum, and the direction and 
curve of the catheter can be recorded for future reference. 
This sounding may be done blindly, since the uterine fundus 
is identified by feel, though abdominal ultrasound may be 
used if any difficulty is encountered.

Findings from this trial transfer may lead a clinician to 
take additional precautions prior to the actual transfer. For 
example, in cases of severely flexed uteri, which require a 
tenaculum on the cervix for traction, a cervical stitch cut 
long can be placed at the time of oocyte retrieval and then 
used for relatively atraumatic traction at embryo transfer. If 
the trial reveals a cervix too stenotic to permit passage of the 
catheter, cervical dilatation can be planned well before the 
embryo transfer. Dilatation at the start of stimulation allows 
sufficient time for the endometrium to recover from any 
trauma, inflammation, or bacterial contamination before 
embryo transfer. In cases of cervical stenosis, lower preg-
nancy rates are associated with cervical dilatation done 
within 5 days of transfer [4, 12]; however, dilatation several 
weeks out appears to improve pregnancy rates [13, 14].

A trial transfer can also be done at the time of embryo 
transfer. Often done under ultrasound guidance, the catheter 
should only be advanced to the internal os so as not to disrupt 
the endometrial lining. If this is easily accomplished, the 
catheter can be removed and the transfer catheter loaded with 
the embryos can then be inserted. Alternatively, the other 
sheath from this trial catheter can be left in place, either rou-
tinely or with difficult cases, while the soft inner catheter is 
loaded with the embryos and advanced through the sheath to 
the correct placement. This method, sometimes referred to as 
the “afterloading” technique, may also decrease mucus con-
tamination of the catheter [15].

In an RCT of 335 patients, examining the effect of an 
early trial transfer on outcome, pregnancy and implantation 
rates were improved in the trial transfer group. This group 
also had no difficult embryo transfers while 50 (29.8%) 
patients had difficult transfers when no trial transfer was 
done [2]. However, reported implantations rates were low, 
and no further prospective randomized trials have been pub-
lished. The value of a trial transfer has been challenged as the 
length and position of the uterus can change before the actual 
transfer. For example, a retroverted uterus at trial transfer can 

often be anteverted at actual transfer when large stimulated 
ovaries are in the posterior cul-de-sac [16]. Some authors 
have therefore suggested performing a trial transfer at the 
time of oocyte retrieval. Though this could theoretically alter 
endometrial receptivity, a retrospective study of 289 women 
showed no difference in ongoing pregnancy rates when the 
trial was done prior to starting ovulation induction compared 
to at retrieval (47.6 and 48.4%) [17].

45.3  Ultrasound Guidance Versus  
Clinical Touch

Ultrasound guidance (UG) is another method used to facili-
tate nontraumatic insertion of the catheter, as well as ensure 
correct location in the uterine cavity. Touching the fundus 
can easily be avoided with ultrasound, and one can be certain 
that the catheter is beyond the internal os in cases of an elon-
gated cervical canal. Ultrasound can be especially helpful in 
uteri distorted by fibroids or those with previous caesarean 
section scars in which the catheter can get hung up or misdi-
rected. Direct visualization of the catheter at the cervicouter-
ine angle can facilitate its insertion, allowing the physician to 
place an appropriate curve on the catheter, which can be par-
ticularly helpful in severely flexed uteri. The full bladder 
required for abdominal ultrasound also helps to straighten 
the cervicouterine angle and facilitate entry of the catheter, 
particularly for the strongly anteverted uterus [18–20]. 
Ultrasound at transfer can be useful to assess the degree of 
intraperitoneal ascites and ovarian enlargement prior to pro-
ceeding with a transfer in cases at risk for ovarian hyper-
stimulation syndrome. Sonographic guidance can be 
extremely instructive at training facilities because it provides 
reassurance and feedback to clinicians in training. Patients 
also seem to take great comfort in visualizing this final step 
of an often long and difficult process.

Disadvantages with ultrasound may include the need for a 
second operator, a longer procedure time, and the inconve-
nience of filling the patient’s bladder [21]. Some have sug-
gested that moving the catheter to identify its location, a 
motion that is not necessary in transfers performed by “clini-
cal touch,” could potentially disrupt the endometrium [22]. 
However, this movement is usually unnecessary with the 
echogenic catheters that are now available.

Many clinicians still use the “clinical touch” method. The 
potential disadvantages of this method are inadvertent con-
tact with the fundus and inaccurate assessment of the catheter 
position. Clinicians using this method must rely on tactile 
assessment or patient discomfort to indicate fundal contact 
[6]. However, discomfort is often indicative of uterine con-
tractility which may lead to expulsion of the embryos, a pos-
sible explanation for their association with lower pregnancy 
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rates [7]. In one study on 121 transfers done by clinical touch 
and then visualized by transvaginal ultrasound, abutment of 
the catheter tip with the fundus occurred in 17.4% and the 
tubal ostia in 7.4% [23]. Some advocates of this method will 
transfer the embryos at a fixed distance from the external os 
(~6 cm), though this would certainly not take into account 
variation in cervical length or uterine size [6].

Since first described by Strickler et al. in 1985 [24], 
numerous studies evaluating the effect of ultrasound guid-
ance in embryo transfer on pregnancy rates have been pub-
lished. A 2007 Cochrane review of 13 randomized controlled 
trials comparing ultrasound versus “clinical touch” con-
cluded that ultrasound did increase live birth and ongoing 
clinical pregnancy rates (452/1,376 vs. 353/1,338, OR 1.40, 
95% CI 1.18–1.66, P < 0.0001) [25]. Three other recent meta-
analyses of randomized controlled trials have shown similar 
findings [18, 26, 27]. However, the quality of most of the 
studies to date have been limited due to inadequate random-
ization, low power, and nonstandardized reporting of out-
comes. Several recent studies with improved methodology 
have shown little or no benefit with ultrasound, including an 
RCT of 300 women and a single clinician [28] and another 
RCT of 387 oocyte donor cycles [22, 29]. Ultrasound has 
also been associated with fewer ectopic pregnancies in sev-
eral RCTs, [22, 29, 30] though other studies have shown no 
effect [22, 28, 31]. Other clinical investigators have tried to 
extend the method by using 3D/4D ultrasound [32, 33] or 
vaginal ultrasound [34] with encouraging results.

Occasionally, intrauterine fluid is detected on ultrasound 
at the time of embryo transfer, particularly in patients with a 
hydrosalpinx or caesarean section scar. In the case of a hyd-
rosalpinx, cryopreservation of the embryos for future trans-
fer after removal or proximal obstruction of the hydrosalpinx 
is likely beneficial [35]. Though aspiration of this fluid is an 
option, it is unlikely to be of any benefit due to the likelihood 
of reaccumulation [36, 37]. It is not clear if aspiration pro-
vides any benefit when this fluid originates from a caesarean 
section scar.

45.4  Preparing the Patient

Analgesia or anesthesia for transcervical embryo transfer is 
not necessary in most cases. However, some centers advocate 
the routine or occasional use of a benzodiazepine, such as 
diazepam. Use of other medications has been suggested as a 
way to reduce uterine contractility, such as progesterone, 
b-mimetics, antiprostaglandins, and nitric oxide. Limited data 
exists regarding the benefit of such measures. To date, only 
progesterone has shown any uterus-relaxing effect [38].

Historically, the position of the uterus dictated the posi-
tion of the patient during transfer to bring the uterine fundus 

into a dependent level. The knee-chest position was used for 
an anteverted uterus, and the dorsal position for the retro-
verted uterus. Today, we generally place all patients in the 
dorsal lithotomy position regardless of uterine position as 
this does not appear to affect pregnancy rates [39]. As the 
procedure is not necessarily a sterile one, it may be done in 
clinic or in an operating room.

Pelvic infection is an uncommon complication of IVF 
despite the invasive nature of oocyte retrieval and embryo 
transfer [40]. However, subclinical infection of the endome-
trium from the transfer procedure has been implicated as a 
possible cause for failure to implant. Positive cultures from 
the cervix or catheter have been associated with diminished 
pregnancy rates [41, 42]. In a study of 110 women, cultures 
were positive from cervical mucus in 71% of patients, and 
the catheter tip in 49% of patients. These patients had a clini-
cal pregnancy rate of 29.6% compared to 57.1% in patients 
with negative cultures [41]. Cleaning the cervical mucus 
with saline may reduce bacterial contamination to some 
extent. Vaginal antiseptics are not recommended at embryo 
transfer due to potential toxicity to the embryos. Use of anti-
biotics prior to ET has been suggested but has not been 
shown to increase pregnancy rates [43]. Due to the lack of 
proven benefit as well as the potential to disrupt normal cer-
vical flora and result in an inflammatory response, antibiotics 
are currently not recommended for embryo transfer. Systemic 
antimicrobials at the time of retrieval as well as an antimicro-
bial in the culture media are routinely used, however. 
Antibiotics at the time of retrieval are associated with a 
reduction in positive cultures of catheter tips at transfer with 
significantly higher implantation and pregnancy rates [44].

Cervical mucus can be responsible for plugging the tip of 
the catheter which may interfere with delivery of the embryos 
inside the uterine cavity. Embryos may also adhere to the 
mucus around the catheter and be inadvertently displaced 
during catheter withdrawal. Cervical mucus can be removed 
with a sterile cotton ball or gauze soaked in saline or transfer 
medium. Additional mucus from the cervical canal can be 
aspirated using a sterile syringe attached to a transfer cathe-
ter. Use of a cytobrush to remove endocervical mucus has 
also been described [45]. Removal of cervical mucus was 
associated with increased clinical pregnancy rates in one 
prospective controlled trial [46], but this effect was not sig-
nificant in another RCT [47]. Vigorous flushing of the cervix 
has also yielded mixed results [48, 49].

45.5  Preparing the Catheter

A variety of embryo transfer catheters are commercially 
available today. The ideal ET catheter is soft enough to avoid 
trauma to the endocervix or endometruim but malleable 
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enough to be directed into the uterine cavity along its natural 
contour. Firm catheters may facilitate placement, particularly 
in difficult transfers, but can be associated with more bleed-
ing, trauma, and stimulation of uterine contractions. With the 
widespread use of ultrasound for embryo transfer, several 
echogenic catheters are now available, in which the tip or the 
entire catheter are easily visualized on ultrasound.

Several studies have compared different types of transfer 
catheters, but the issue of catheter type is still a controversial 
one. In general, “soft” catheters, such as the Cook (Cook Ob/
Gyn, Inc. Bloomington, IN) and the Wallace catheters 
(Marlow Technologies, Willoughby, OH), are preferred to 
“firm” ones such as the TDT (metal obturator) (Laboratoire 
CCD, Paris, France), Frydman (Laboratoire CCD), Tomcat 
(Kendell Health Care, Hampshire, MA), Tefcat (Kendell 
Health Care), and Rocket ET catheters (Rocket Medical, 
Watford, UK) because they are less likely to induce cervical 
and endometrial lacerations [3, 50, 51]. In two recent meta-
analyses of randomized controlled trials, the use of soft cath-
eters was associated with a higher pregnancy rate than firm 
catheters [52, 53]. Ultrasound monitoring during IUI demon-
strated disrupted endometrium in 50% of patients when a 
Tomcat catheter was used compared to 12.5% with a Wallace 
catheter [54]. Hysteroscopic studies also suggest that there is 
less trauma after mock transfer when soft catheters are used 
[55]. The pregnancy rates among various soft catheters have 
not been shown to be significantly different [56–60].

While a difficult transfer may require a firm catheter, the 
rigid outer sheath of a soft catheter can also be bent to align 
the catheter to the uterine axis. Though cannulation of the 
cervix to negotiate a difficult internal os has not been shown 
to decrease pregnancy rates, [61] this outer sheath should be 
used minimally and, if possible, stopped short of the internal 
os to avoid any release of prostaglandins.

Typically, a column of fluid totaling about 20 ml surrounds 
the embryo in the catheter with most of this fluid proximal to 
the embryo to increase the chance of embryo expulsion. 
Transfer volumes >60 ml may result in expulsion of the 
embryos into the vagina, [62] while volumes <10 ml may 
also negatively affect implantation rates [63]. The embryo-
containing medium is often bracketed by air. The use of air 
bubbles in the catheter has not been shown to affect preg-
nancy or implantation rates [64], nor in the extrusion of fluid 
within [2]. Nevertheless, the air fluid interface is easily 
visualized on ultrasound and is therefore a useful tool in an 
ultrasound-guided transfer.

Commercial media are primarily made up of various con-
centrations of ions, amino acids, and carbohydrates. The 
concentration of protein and the viscosity of the transfer 
medium have not been shown to affect outcome [65, 66]. 
A fibrin sealant added to the medium has been studied in two 
RCTs, one study showing a nonsignificant improvement in 
pregnancy rate and the second showing a benefit in older 

patients [67, 68]. Recently, hyaluronan, a glycosaminoglycan 
found throughout the female reproductive tract, has been 
used in transfer medium as several of its properties suggest a 
beneficial effect on early embryo development and implanta-
tion. In a recent RCT of 1,282 patients, use of hyaluronan-
enriched transfer medium (HETM, EmbryoGlue; Vitrolife, 
Englewood, CO, USA) significantly improved clinical preg-
nancy rates (54.6% vs. 48.5%, OR 1.28) and implantation 
rates (32% vs. 25%, OR 1.43) [69]. However, no significant 
benefit in pregnancy or implantation rates was shown in 
another RCT of 815 patients [70]. A recent RCT of 101 
patients with >4 previous transfer failures showed increased 
ongoing pregnancy rates (31.3% vs. 4.0%, p = 0.0005) with 
hyaluronan, suggesting that it may provide benefit in a select 
group of patients [71].

45.6  Depositing the Embryos

Traditionally, the tip of the catheter has been placed 5–10 mm 
from the uterine fundus [72]. However, several recent studies 
suggest that transfer further from the fundus, may be more 
ideal. In an RCT performed in patients undergoing UGET, a 
higher pregnancy rate (60% vs. 39.3%) was achieved when 
the distance was 15–20 mm as compared to 10 mm [73]. 
Other studies that have shown that embryos deposited less 
than 5 mm from the fundus have a decreased pregnancy rate 
and an increased ectopic pregnancy rate [6, 23, 74–76]. Some 
have suggested that the desired location should take into 
account the length of the cavity rather than be a fixed refer-
ence point, such as the distance from the fundus [77]. In a 
prospective cohort study, clinical pregnancy rates increased 
with ET directed at the lower to middle uterine segment. 
Another RCT showed that clinical pregnancy or implantation 
rates were similar in the upper and lower uterus, but signifi-
cantly improved closer to the mid-portion of the uterus [78].

After injection of the embryos, pressure on the plunger of 
the syringe should be maintained until the catheter is com-
pletely withdrawn from the uterus. Furthermore, the outer 
sheath should be completely retracted and removed simulta-
neously with the inner catheter to avoid a “plunger” effect. 
Withdrawing the catheter slowly will also minimize negative 
pressure. Some authors suggest waiting before removing the 
catheter so that the uterus can become stabilized, whereas 
others report good results with immediate withdrawal. In a 
randomized controlled trial of 100 women, a 30 s delay 
before catheter withdrawal did not significantly increase 
pregnancy rates (60.8% and 69.4%) [79].

The time interval from loading the ET catheter to depositing 
the embryos in the uterus should be minimized, as embryos 
may be vulnerable to exposure to the environmental tempera-
ture, light, or other agents in the catheter. A longer time interval 
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has been shown to lower pregnancy and implantation rates with 
an interval of more than 120 s carrying a poor prognosis [80]. 
However, the significance of this factor is unclear, as another 
study, limited to good quality embryos, showed no effect of 
the duration of the procedure on the outcome, with transfers 
lasting up to 7.5 min [81].

45.7  After the Procedure

Following the transfer, the catheter should be handed to the 
embryologist to be flushed and inspected for retained 
embryos. Any retained embryos should be properly reloaded 
for transfer into the uterus. This event can often cause con-
cern for patients. However, they should be reassured that the 
effect of retained embryos in the transfer catheter on preg-
nancy outcome is likely minimal. While one study reported 
lower pregnancy rates (3% vs. 20.3%) when retained embryos 
were identified and retransferred, [4] two more recent studies 
did not show a difference [9, 82].

Historically, patients have been placed on bed rest for var-
ied amounts of time following the transfer, as decreased 
physical activity was thought to improve embryo retention 
within the uterine cavity. Patients were routinely rested 
strictly flat on their backs for 24 h. Embryo transfer subse-
quently became an outpatient procedure, as prolonged bed 
rest was shown not to improve pregnancy rates [83–85]. 
Even brief bed rest (30 min) has since been shown to offer no 
benefit over immediate ambulation (47.0% vs. 51.0%, OR 
0.85, 0.39–1.85) in a randomized controlled trial of 164 
patients [86]. Following the air–fluid interface on ultrasound 
showed that standing immediately after transfer was associ-
ated with no movement in 94% of cases, less than 1 cm of 
movement in 4%, and more than 4 cm of movement in 2% 
[23]. Intercourse during the peritransfer period also does not 
appear to influence pregnancy rates [87].

45.8  Alternative Methods

Transmyometrial embryo transfer is an alternative method to 
the conventional transcervical ET and may be useful in 
patients with severe cervical stenosis or history of several 
failed IVF cycles in which transfers were extremely difficult. 
Alternatively called the “Towako method,” Kato et al. pre-
sented their four-year experience with this method on 1,298 
cases with a 44.9% pregnancy rate in transfers with ICSI 
embryos. The procedure is performed using an endovaginal 
US probe. A special needle (K-TTET-18-32-5; William A. 
Cook, Queensland, Australia) with its stylet attached to the 
vaginal probe needle holder is inserted transmyometrially 

and sonographically guided into the endometrial cavity. The 
stylet is removed, and a transfer catheter, loaded with 
embryos, is passed through the needle [88]. Due to increased 
pain, this method should be reserved for extremely difficult 
transfers by conventional techniques. An alternative method 
for such cases would be laparoscopic zygote intrafallopian 
tube transfer, or ZIFT.

45.9  Number of Embryos to Transfer

Multiple births are now the greatest challenge facing infertil-
ity specialists in the United States. The dramatic rise in the 
birthrates of twins, triplets, and higher order multiples over 
the past two and a half decades is largely attributable to the 
growth of IVF. According to 2004 data from the CDC, 32% 
of pregnancies conceived by IVF procedures were multiple 
gestations, affecting 50% of the infants born through IVF. 
The rate for triplets and higher-order multiples was 6%, 
approximately 42 times higher than the general U.S. popula-
tion [89]. With an increased awareness of the morbidity and 
mortality associated with multiple pregnancies, an effort has 
been made to reduce the contribution of ART to the multiple 
gestation rate in the U.S. The Society for Assisted Reproductive 
Technology (SART), in conjunction with the American 
Society for Reproductive Medicine, has published guidelines 
that recommended limiting the number of embryos for 
women with a good prognosis [90, 91] (Table 45.1). During 
the 5 years following the initial publication of these guide-
lines in 1998, the ratio of triplet and quadruplet + births per 
1,000 total births conceived by ART decreased by 45% and 
61% respectively [92, 93].

The rate of twin births per 1,000 total U.S. births, how-
ever, increased by 12% over this time [92, 93]. Although 
much of the focus of maternal, fetal, and neonatal complica-
tions has been placed on triplets or other higher order multi-
ple gestations, twin gestations are also associated with 
significantly increased morbidity and mortality [94, 95]. 

Table 45.1 Recommended limits on the numbers of embryos to transfer

Cleavage-state embryos

Prognosis Age <35 Age 35–37 Age 38–40 Age >40
Favorable 1–2 2 3 5
All others 2 3 4 5
Blastocysts
Prognosis Age <35 Age 35–37 Age 38–40 Age >40
Favorable 1 2 2 3
All others 2 2 3 3

Favorable = First cycle of IVF, good embryo quality, excess embryos 
available for cryopreservation, or previous successful IVF cycle

ASRM Practice Committee. Guidelines on number of embryos trans-
ferred. Fertil Steril 2006
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Twins have been found to have an increased incidence of low 
birth weight, premature delivery, stillbirth, cerebral palsy, 
and perinatal mortality, compared to singletons [94, 96]. IVF 
twins have also been found to have a higher frequency of 
NICU admissions, surgical interventions, and special needs 
than IVF singletons [94]. The mother of a twin gestation is 
also at increased risk for hypertension of pregnancy, placen-
tal abruption, postpartum hemorrhage, delivery by caesarean 
section, and maternal mortality [94, 95].

Twin pregnancies place a huge financial burden on our 
health care system. The estimated charges associated with a 
twin delivery are close to $40,000 compared to $10,000 for a 
singleton delivery [97, 98]. These costs do not include the 
cost associated with infertility treatment, outpatient obstetric 
management, maternal admissions before delivery, and loss 
of work from hospitalizations or home bed rest. Other less 
studied outcomes are the difficulties that families face when 
dealing with multiple births, which can pose significant par-
enting, marital, and social challenges [95, 99–101].

In the early years of IVF, poor implantation rates neces-
sitated transfer of multiple embryos to achieve an accept-
able pregnancy rate. Even today, there is substantial pressure 
on IVF programs as well as patients to maximize success 
rates by transferring more embryos. However, recent 
advancements have improved pregnancy and implantation 
rates, allowing us to limit the number of embryos to transfer 
while maintaining pregnancy rates. Improved IVF success 
rates are now steering many practitioners toward single 
embryo transfer in good prognosis couples in an effort to 
lower the twin gestation rate. Furthermore, the most recent 
SART/ASRM guidelines regarding embryo number for 

transfer reflect their support of this strategy (Table 45.1) 
[91]. However, implementation of this practice in the U.S. 
has been difficult due to concerns about a reduced preg-
nancy rate and patient dissatisfaction.

Addressing the effect of single embryo transfers on preg-
nancy rates, several prospective randomized trials have com-
pared transfer of a single embryo with transfer of two 
embryos, primarily in Scandinavian centers. These trials 
demonstrated that transferring in a single day two or three 
embryos resulted in a lower pregnancy rate than transferring 
two embryos (Table 45.2) [102–106]. However, the differ-
ence in pregnancy rates was generally small, and cumulative 
pregnancy rates were often equivalent when single cryopre-
served embryo transfers were taken into account. Thus, a 
similar pregnancy rate can be achieved by transferring one 
embryo in the fresh cycle and one additional embryo in the 
frozen cycle, as compared to placing two embryos in the fresh 
cycle. This strategy leads to marked reductions in twinning 
rates, from 30% to 50% with two embryos to less than 5% 
with single embryo transfer (Table 45.2) [102–106].

Transferring a single blastocyst can result in even higher 
pregnancy rates due to the improved ability to select a healthy 
embryo with a high implantation rate [107]. A prospective 
randomized trial reported a 61% pregnancy rate with transfer 
of a single blastocyst compared to a 76% pregnancy rate with 
transfer of two blastocysts, a nonsignificant difference. 
However, no twins occurred with transfer of one blastocyst 
versus a 47% twinning rate after transfer of two [105]. 
Several observational trials have also shown that elective 
transfer of a single blastocyst can result in ongoing preg-
nancy rates between 40% and 76% (Table 45.3) [108–110]. 

Table 45.3 Observational trials of single blastocyst transfers

Author Country

SET DET Cumulative PR

Pregnancy rate Twin rate Pregnancy rate Twin rate SET DET

Henman Australia 50/121 (41%) 2% 152/285 (53%) 44%* 65% 64%
Criniti USA 31/41 (76%) 3% 52/66 (79%) 62%* 83% 83%
Ryan USA 51/77 (66%) 2% 116/183 (63%) 41%* 80% N/A
*p £ 0.05

Table 45.2 Single versus double embryo transfer: prospective, randomized trials

Author Country Day of ET

SET (Ongoing PR) DET (Ongoing) Cumulative PR

Delivery rate Twin rate Delivery rate Twin rate SET DET

Martikainen Finland 2 22/74 (30%) 5% 28/70 (40%) 39%* 47% 59%
Gerris Belgium 2 or 3 10/26 (38%) 5% 20/27 (74%)* 30%*
Thurin Sweden 2 91/330 (28%) 1% 142/331 (43%)* 34%* 39% 43%

Norway
Denmark

Gardner USA 5 14/23 (61%) 0 19/25 (76%) 47%*
Lukassen Netherlands 3 14/54 (26%) 0 19/53 (36%) 37%* 41% 36%
*p £ 0.05
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Admittedly, patients having a single embryo transfer are 
likely a select group with a good prognosis for pregnancy.

Given this information, our program has adopted a policy 
that mandates good prognosis patients to have only a single 
blastocyst transferred [110]. Specifically, women less than 
the age of 38 who have never failed a previous IVF cycle, and 
who have a good or excellent embryo to transfer [111], will 
have only a single blastocyst transferred. We have found that 
educating patients about the risks of multiple gestations and 
our rationale for limiting embryo number prior to the start of 
their cycle, increases their receptiveness to this policy. Studies 
have shown that 30% of IVF patients consider twins the most 
ideal outcome, and this desire was associated with a lack of 
knowledge about the adverse outcomes associated with a twin 
gestation [112–117]. Important components of this program 
are patient education, high blastocyst implantation rates, and 
a successful cryopreservation program, allowing for the suc-
cessful transfer of any additional blastocysts at a later time. 
Cumulative pregnancy rates (fresh and frozen cycles from 
one retrieval) have exceeded 80% in our program for women 
who qualify for single blastocyst transfer [110].

National data from Scandinavian countries that have 
emphasized single embryo transfer for many years has dem-
onstrated markedly reduced multiple birth rates while main-
taining pregnancy rates from IVF. In 2003, Swedish law 
required single embryo transfer for all women up to the age 
of 38 in the first two IVF treatment cycles when one good 
quality embryo was available, resulting in single embryo 
transfers in greater than 70% of women this age. While mul-
tiple birth rates dropped from nearly 25 to 5%, national 
delivery rates per cycle were maintained. Single embryo 
transfer is now the norm in Sweden and is widely accepted 
by both patients and physicians [118, 119]. This type of 
national data is encouraging for a wider application of single 
embryo transfer in the United States. However, physician 
endorsement of this policy will be necessary.

45.10  Blastocyst Versus Cleavage Stage 
Embryo Transfer

Prolonged culture of embryos to the blastocyst stage offers 
several theoretical advantages. Embryos that develop to the 
blastocyst stage have been shown to have a lower rate of 
aneuploidy [120]. In addition, temporal synchronization 
between the blastocyst embryo and the endometrium is 
improved and better simulates in vivo conditions. On the 
other hand, prolonged culture extends the time that the 
embryo is in an unnatural environment. Blastocyst formation 
rates have ranged from 28% to nearly 50% in various series 
[121], which necessitates increasing the number of embryos 

for culture to ensure survival of a blastocyst for transfer [91]. 
Occasionally, patients with few embryos will have nothing 
for transfer after prolonged cultured to the blastocyst stage. 
Thus, many programs restrict blastocyst transfer to patients 
with a good prognosis, as determined by ovarian stimulation 
or embryo formation.

A meta-analysis of trials comparing day 2 and day 3 
embryo transfers with blastocyst transfers found no signifi-
cantly different live birth rates (OR 1.03, 95% CI 0.74–1.44), 
despite a higher implantation rate with blastocyst embryos 
(33% vs. 26%) [122]. This was likely the result of a higher 
number of women randomized to extended culture having no 
blastocysts to transfer. A recent prospective randomized 
study of good prognosis patients found a higher embryo 
implantation rate and a higher live birth rate when a single 
blastocyst was transferred, compared to a single cleavage 
stage embryo [107]. Thus, good prognosis couples of a 
younger age and with more embryos may benefit from blas-
tocyst transfer, particularly if a single embryo is to be trans-
ferred. Of concern is the finding in some studies that 
blastocyst transfers result in a higher rate of monozygotic 
twinning [123–125]. Because of the higher implantation 
rates and the risk of monozygotic twinning, practitioners 
should be particularly cautious about transferring multiple 
blastocysts.

45.11  Summary: Evidence-based guidelines

 1. “Difficult” transfers are associated with lower pregnancy 
rates with IVF.

 2. Ultrasound guidance will result in easier transfers with 
improved outcomes.

 3. Soft catheters should be used when feasible.
 4. Single embryo transfers reduce the rate of twin 

gestations.

Recommendations based on expert opinion

 1. Trial transfers allow better preparation for difficult 
transfers.

 2. Cervical mucus should be removed to potentially decrease 
bacterial contamination and mucus plugging of the 
catheter.

 3. Embryos should be deposited 1–2 cm from the uterine 
fundus.

 4. Negative pressure should be minimized during withdrawal 
of the catheter.

 5. The procedure should be done in a minimum amount of 
time.

 6. IVF patients should be counseled on the obstetrical risks 
associated with multiple gestations.
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Abstract With the advent of assisted reproductive technology, 
controled ovarian hyperstimulation (COH) is usually car-
ried out to stimulate the growth of multiple follicles and 
produce multiple oocytes. Accordingly, multiple embryos are 
transferred to the uterus to increase the chances of success. 
However, multiple embryos can also increase the likelihood 
of multiple pregnancies, which are accompanied by a whole 
series of complications affecting both mother and child. There 
has been a trend toward transferring fewer embryos during 
the last decade. According to Center for Disease Control and 
Prevention (CDC), the average number of embryos trans-
ferred to women under 35 has dropped from 4.0 in 1995 to 2.8 
in 2001 in the United States (N Engl J Med 350:1639–1645, 
2004). In Europe, IVF centers in many countries have reduced 
the number of replaced embryos to two or even one (Ann N 
Y Acad Sci 1034:110–116, 2004). It is, therefore, very impor-
tant to have a reliable technique to effectively cryopreserve 
the supernumerary embryos after transfer. The first pregnancy 
following the transfer of a frozen-thawed human embryo was 
reported by Trounson et al. in 1983 (Nature 305:707–709, 
1983). Since then, embryo cryopreservation has become a 
very important part of the clinical use of in vitro fertilization. 
To date, human embryos have been successfully cryopre-
served at the pronuclear, cleavage, and blastocyst stages of 
development. Moreover, recent advances in cryopreservation 
techniques have expanded the female fertility preservation 
from embryo to oocyte and ovarian tissue.

Keywords Cryopreservation • Vitrification • Cryoinjury • 
Cryoprotectant • Embryo storage

46.1  Basics of Cryopreservation

Cryopreservation involves a series of complex and dynamic 
physiochemical processes of temperature and water transport 
between a cell and the surrounding medium. The basic goal 
of cryopreservation, including slow freezing and vitrification, 
is to achieve intracellular vitrification while avoiding 
intracellular ice formation and membrane and organelle 
damage. Understanding these processes and their interactions 
with the cell biology is essential to develop successful 
cryopreservation methodologies.

46.1.1  Cryoprotectant Agents

Cryopreservation of oocytes and embryos routinely involves 
the use of cryoprotectants. A cryoprotectant is a substance that 
is used to protect biological tissue from cryopreservation dam-
age. Cryoprotectants are typically categorized into two groups, 
permeating and nonpermeating cryoprotectants. Permeating 
cryoprotectants, such as 1, 2-Propanediol (PROH), Glycerol, 
Ethylene Glycol (EG), and Dimethyl Sulfoxide (DMSO), usu-
ally possess low molecular weight and, therefore, penetrate 
the cell membrane and displace the water molecules out of the 
cell. Effective working concentrations of permeating cryopro-
tectants are usually in the order of 1–4 mol/l. Polyvinyl pyr-
rolidone, sucrose, glucose, and other sugars are cryoprotectants 
that do not have to penetrate the cellular membrane. They are 
usually effective at low concentrations (0.01–0.2 mol/l). The 
cryoprotectants act as “antifreeze” in several different ways. 
Freezing point depression due to colligative properties of per-
meating cryoprotectants prevents the formation of destructive 
intracellular ice crystals. The mixture of nonpermeating cryo-
protectants and permeating cryoprotectants aids in cellular 
dehydration during the cryopreservation process. In addition, 
the use of nonpermeating macromolecules produces an 
osmotic counterforce to restrict water movement across the 
membranes and prevent excessive swelling of the cells during 
the removal of cryoprotectant [1, 2].
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While cryoprotectants are used to control or prevent ice 
formation in many preservation protocols, they themselves 
tend to be damaging. Cryoprotectants are toxic to embryos at 
high concentrations and long exposure times. In addition, the 
toxicity of cryoprotectant agents (CPAs) generally increases 
with temperature. For mammalian tissues, glycerol is generally 
the least toxic of the conventional CPAs, which can be ordered 
by toxicity as: propylene glycol > DMSO > ethylene gly-
col > glycerol [3]. It has been proposed that the intrinsic toxic-
ity of cryoprotectants is largely due to their hydrophobicity, 
and the potential ability to denature DNA and proteins. To 
overcome cryoprotectant toxicity, a mixture of several cryo-
protectants is usually used at lower individual concentrations.

In general, cryopreservation methods fall into two catego-
ries: equilibrium (slow freezing) and nonequilibrium (rapid 
cooling), according to the cooling rates and CPAs used [4]. 
Two major methods are used in the cryopreservation of human 
oocytes and embryos: controlled slow freezing and vitrifica-
tion. Slow freezing attempts to maintain a delicate balance 
between cryoprotectants and the aqueous embryo compart-
ment, whereas the strategy of the vitrification method is a 
rapid solidification of liquid without ice crystal formation.

46.1.2  Slow Freezing

The principle behind conventional slow freezing procedures 
is to induce ice formation extracellularly, thereby raising the 
solute concentration. The cryopreservation procedure can be 
divided into the following phases: prefreeze, freezing, stor-
age, thawing, and postthaw [5]. The prefreeze phase gives the 
cells a brief equilibration period to uptake the cryoprotectants 
(Fig. 46.1). When the cells are transferred from isotonic solu-
tion to hyperosmotic solutions with permeating cryopro-
tectants, they shrink immediately as water leaves in response 
to the difference of osmotic pressure between intracellular 
and extracellular solutions. As the cryoprotectant permeates, 
water enters the cells to maintain intracellular osmotic equi-
librium. Shrinkage stops when equilibrium is reached between 
the efflux of water and the influx of  cryoprotectants. After 

that, the cryoprotectant enters the cells at a rate dependent on 
its permeability characteristics. Equilibration is complete 
when no further osmotic and chemical gradients with regard 
to the cryoprotectants as well as water exist. Optimal equili-
bration prior to slow cooling should be long enough for per-
meating cryoprotectants to enter the cells while minimizing 
the toxic effect of cryoprotectants.

The optimal cooling rate is determined by a number of 
biophysical factors and is cell-type-specific. A cooling rate of 
−1°C to −3°C/min is satisfactory for most animal cell cul-
tures. Oocytes and embryos have lower surface-to-volume 
ratio and larger size as compared to somatic cells. Accordingly, 
a slower cooling rate is required to allow enough time for cell 
dehydration. After being loaded into plastic straws or vials, 
oocytes or embryos are cooled at a rate of −1°C to −2°C/min 
from room temperature to a temperature slightly below the 
melting point of the solution, which is approximately −5°C to 
−7°C. At this point, manual seeding is performed to initiate 
the extracellular ice formation in a controlled manner and 
avoid supercooling by touching the straw or vial with liquid 
nitrogen prechilled forceps or spatulas. The oocytes and 
embryos are again allowed to equilibrate for 5–10 min, and the 
temperature is lowered at a rate of −0.3°C to −0.5°C/min until 
below −30°C. Osmotic imbalance caused by the increasing 
extracellular solute concentrations following extracellular ice 
formation drives water out of the cells. As ice crystals grow, 
the extracellular solution becomes more concentrated and the 
cells are exposed to an increasingly hypertonic environment. 
The cooling process continues until the intracellular cryopro-
tectant concentration is high enough to allow vitrification, 
preventing intracellular ice formation when the cell is plunged 
into liquid nitrogen. The frozen oocytes and embryos are then 
stored in the liquid nitrogen tank for future use.

Thawing is the reverse of the freezing process and involves 
the removal of the frozen straws or vials from liquid nitrogen, 
removal of cryoprotectant from the frozen cells by stepwise 
dilution and warming the thawed cells to 37°C. The optimal 
thawing protocol depends on the specific freezing protocol 
and cryoprotectants used. If the cooling is terminated at a 
high subzero temperature of −30 to −40°C, a moderately 
rapid warming (200–350°C/min) is required to maximize the 

Fig. 46.1 The morphological appearance of immature metaphase I 
(MI) human oocytes during the prefreeze phase at room temperature, 
(a) MI oocyte in isotonic culture medium, (b) a rapidly shrunken 
oocyte after 50 s of exposure to 1.5 M 1,2-propandiel (PROH); (c) 
shrinkage stops when equilibrium is reached between the efflux of 

water and the influx of cryoprotectants. (d) an oocyte returning to 
normal volume as the PROH penetrates the oocyte after 10 min 
exposure to 1.5 M PROH; (e) The oocyte shrinks considerably due 
to the presence of nonpermeating cryoprotectant sucrose (1.5 M 
PROH + 0.2 M Sucrose)
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survival rate. Embryos cooled slowly to temperatures below 
−60°C prior to being plunged into liquid nitrogen requires a 
rather slow warming rate of about 25°C/min or less. Due to 
the fact that oocytes and embryos are more permeable to 
water than cryoprotectants, the frozen cells will swell or burst 
if they are placed directly to a medium without cryopro-
tectants after thawing. To control the degree of swelling dur-
ing the removal of cryoprotectants, a high concentration of 
sucrose is used as an osmotic buffer to counteract the high 
concentration of cryoprotectants in the cell [6].

46.1.3  Cryodamage

The process of cryopreservation has profound effects on 
cells, many of which result in sublethal damage to the cells 
and a subsequent reduction of function. There are several 
mechanisms underlying cryodamage during the freezing and 
thawing process.

46.1.3.1  Cold Shock

Cold shock, or direct chilling injury, is a form of injury fol-
lowing exposure of cells to temperatures lower than normal 
growth temperatures, but not freezing temperatures. Its 
severity increases with both an increase in cooling rate and 
the absolute temperature of the exposure. The main damage 
caused by chilling is to the membranes. Direct chilling injury 
induces temperature-induced phase transitions of phospho-
lipids from the liquid crystalline- to the gel-phase, which 
results in separation of membrane proteins and lipid,  
change membrane permeability, and cause a decline in the activity 
of membrane bound enzymes. Chilling injury also affects the 
oocyte meiotic spindles, microtubules, and microfilaments 
[7–9]. Mammalian oocytes and embryos at different devel-
opmental stages have varying degrees of sensitivity to chilling. 
In bovine, resistance to chilling increased with advancing 

stage from 8-cell to morula to blastocyst [10]. For a given 
developmental stage, survival declines with increasing length 
of exposure to a given low temperature. Lipid phase transi-
tion in human oocytes at different developmental stages takes 
place at higher temperatures than that in zygotes, which 
explains the increased sensitivity of oocytes to cooling and 
cryoinjury and indicates the necessity to adjust the cryo-
preservation protocols in order to minimize cryoinjury [11].

46.1.3.2  Osmotic Stress

The water inside a living cell can be roughly divided into two 
parts, osmotically active freezable water (bulk water) and 
osmotically inactive, unfreezable water (bound water). Bulk 
water can be removed by exposure to a hypertonic environ-
ment. Bound water consists of about 10% of cellular water 
and is tightly hydrogen-bonded to the hydrophilic surfaces 
of proteins, nucleic acids, or the polar end-groups of mem-
brane lipids. Removal of bulk water does not cause dehydra-
tion damage, but excessive loss of bound water results in the 
loss of structural support to proteins and lipids [12]. Oocytes 
and embryos are dehydrated before and during the cooling 
process through the addition of cryoprotectants and rehy-
drated by the removal of cryoprotectants during the thawing 
process. This volumetric shrinkage and swelling are capable 
of causing damage or even cell death. It is therefore of criti-
cal importance to maintain a delicate balance between the 
removal of bulk water that could potentially form ice crystals 
and the removal of bound water.

46.1.3.3  Ice Crystal Formation and Solution Effects

Survival of frozen cells after thawing depends largely upon the 
cooling rates. The optimal cooling rate should be slow enough 
to allow cells time to dehydrate and fast enough to prevent 
excessive dehydration damage (Fig. 46.2). If cells are cooled 
too rapidly, the water cannot leave fast enough to prevent 

Fig. 46.2 Schematic of physical events in cells during slow freezing. Reproduced from [128]
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extensive supercooling, which eventually leads to lethal intra-
cellular ice formation [4]. If the cooling is too slow, too much 
extracellular ice crystal formation can cause cellular damage 
due to mechanical forces on cell membrane. Prolonged expo-
sure of cells to a highly concentrated solution could also lead 
to cell injury termed as solution effects [13]. High concentra-
tions of electrolytes affect ionic interactions, including those 
that help stabilize the native state of enzymes.

Although the above stresses induced by the freezing pro-
cess can lead to cell injury, the warming rate is of critical 
importance as well. If the thawing rate is too slow, small ice 
crystal formed from the small amount of intracellular water 
could recrystallize to larger damaging crystals [4]. However, 
if the thawing rate is too rapid when the freezing has been 
slow, the abrupt entrance of water to the cell due to insuffi-
cient egress of excess cryoprotectants from the cell may 
cause its death [14].

46.1.4  Vitrification

Vitrification is a cryopreservation strategy in which cells are 
converted into a glass-like amorphous solid which is free of 
any crystalline structure. As a nonequilibrium cryopreserva-
tion method, vitrification is achieved by the combination of 
high concentration of cryoprotectants and an extremely high 
cooling rate. Compared to slow freezing, vitrification is sim-
pler and more convenient without the requirement of expen-
sive equipment (i.e., controlled rate freezer). Vitrification is 
also able to eliminate the ice crystal formation in the intra- and 
extracellular spaces. Although controlled slow freezing remains 
the main method of cryopreservation in most IVF laboratories, 
vitrification technique has entered more and more the main-
stream of human assisted reproductive technology.

Although the freezing temperature of water is close to 0°C, 
pure water requires very small amount of volume and incredibly 
fast cooling rate to achieve vitrification. It has been shown that 
vitrification of small droplets of water would require a cooling 
rate of about 3,000,000°C/s [15], which is not practical for clini-
cal use. At very high cooling rates (up to 7.2 × 105°C/min), human 

spermatozoa can be successfully vitrified without cryopro-
tectants [16]. Fortunately, the addition of high concentration of 
cryoprotectants substantially decreases the critical cooling rate to 
achieve successful vitrification. The total concentration of cryo-
protectant ranges from 5 to 8 M in the vitrification protocols cur-
rently used in the cryopreservation of human oocyte and embryos. 
A maximized cooling rate could be achieved by the use of mini-
mized volume of vitrification medium and direct contact 
between the solution and liquid nitrogen [17]. Cryoprotectants 
are not always needed in vitrification. Although high survival 
rate of vitrified human oocytes and embryos have been obtained 
by using open carrier systems, such as Electron Microscopic 
Grids [18], Cryoloops [19], Open Pulled Straws (OPS) [20], and 
hemistraw system [21], direct contact between oocytes or 
embryos and liquid nitrogen raises the concern of contamination 
from nitrogen-born bacteria and/or viruses. An aseptic alterna-
tive device such as closed pulled straw has been tried; however, 
their efficacy needs further evaluation [22, 23].

Compared to slow freezing, vitrification involves a very 
high cooling rate and passages rapidly through the dangerous 
temperature zone between +15°C and −5°C, significantly 
decreasing chilling injury to the oocytes and embryos [24]. 
However, not all cell injuries are avoided by vitrification. High 
concentration of cryoprotectants is an obstacle to vitrification. 
More severe osmotic stress and toxic effects are potentially 
imposed upon the cells during vitrification/warming than slow 
freezing/thawing (Fig. 46.3.). A stepwise addition of cryopro-
tectants can help reduce the toxic and osmotic damage induced 
by cryoprotectants at high concentrations [25].

46.2  Cryopreservation of Human Embryos

Embryo cryopreservation has several advantages in the practice 
of human in vitro fertilization. Transfer of the frozen-thawed 
embryos following a fresh IVF cycle offers a patient a chance 
to have one or more additional children without additional 
ovarian stimulation and oocyte retrieval, which can help 
reduce costs and increase the cumulative pregnancy rate. For 
patients with severe ovarian hyperstimulation syndrome 

Fig. 46.3 Embryo morphological changes during a two-step equilibration 
in a vitrification solution containing ethylene glycol (EG) and dimethyl 
sulfoxide (DMSO). (a) a 5-cell stage embryo before vitrification, (b) 
the embryo undergoes a sudden dehydration immediately after expo-
sure to equilibration solution with 7.5% EG + 7.5% DMSO, (c) partial 

rehydration happens within 2 min as cryoprotectants enter the embryo, 
(d) equilibration stops when an balanced is reached between the 
efflux of water and the influx of cryoprotectants, (e) the embryo under-
goes further dehydration in vitrification solution with 15% EG + 15% 
DMSO
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(OHSS), the postponement of a fresh embryo transfer and 
cryopreservation of all embryos can help prevent the patient’s 
situation from deteriorating [26]. Embryo cryopreservation 
also provides the opportunity to delay the embryo transfer to 
a later time for patients whose health would not be conducive 
with pregnancy. Moreover, in the last decade, there has been 
a trend towards reducing the number of embroys transferred 
in both the United States and Europe [27, 28], resulting more 
surplus embroys for cryopreservation. The ability to success-
fully cryopreserve human embryos is therefore of critical 
importance in reducing the number of embryos transferred 
and decreasing therefore multiple pregnancy rates [29].

46.2.1  Cryopreservation of Cleavage  
Stage Embryos

Although glycerol and DMSO contributed to the first preg-
nancy following transfer of a frozen-thawed 8-cell stage embryo 
[30], slow freezing/rapid thawing protocols using PROH and 
sucrose as cryoprotectants have been the standard protocols of 
pronuclear and early cleavage stage embryos for years [31–34]. 
Freezing of human embryos at the pronuclear stage is more 
acceptable to some patients with ethical problems, primary due 
to the fact that the cryopreservation occurs before syngamy. 
Cryopreservation of cleavage stage embryo allows the selec-
tion of better embryos for transfer in fresh cycles, resulting in 
high pregnancy and embryo implantation rates [35].

Poor quality embryos do not survive well and are usually 
not chosen for cryopreservation. A multicell embryo (2–8 cell 
stage) is defined as surviving when ³50% blastomeres remain 
intact. With the development of cryopreservation techniques, 
70–80% of day 2 and day 3 human embryos can successfully 
survive the freezing and thawing process currently, among 
which 5–20% of transferred embryos implant [36–38]. Embryo 
quality prior to cryopreservation has a profound effect on the 
clinical outcome of frozen embryo transfer. For day 2 frozen 
embryos, intact 4-cell embryos have a significantly higher 
implantation rate (16.9%) than 2-cell embryos (7.2%) [34].

In general, pregnancy rates after transfer of frozen–thawed 
embryos are lower than fresh embryo transfers [39]. However, 
cryopreservation per se does not seem to affect subsequent 
embryo development in vivo following embryo transfer, as 
supported by the fact that fully intact thawed embryos have 
been shown to have similar implantation rate as fresh embryos 
with equivalent cell number [34, 40]. The impact of cryo-
preservation on the embryo implantation potential is mani-
fested only when there is blastomere lysis, [34]. Blastomere 
loss is a common occurrence in cryopreserved embryos. As 
shown by Edge (2000) [34], 44.5% (2,480/5,572) of day 2 fro-
zen embryos showed blastomere loss after thawing. Fully 
intact thawed embryos were more than twice as likely to 

implant compared with those that had lost one or more of their 
blastomeres [41]. A quantitative analysis performed by Edgar 
et al. [42] showed a highly significant association between 
blastomere loss and reduction in implantation potential even 
in embryos with ³50% blastomeres surviving. There was very 
little chance to achieve pregnancy (1%) by transfer of thawed 
embryos with less than 50% blastomere survived [34].

Precise mechanisms of blastomere loss on thawed embryo 
development are still investigational. The presence of 
necrotic blastomeres may disrupt cell signaling communica-
tion and morphological restructuring of embryonic cells, 
resulting in impaired preimplantation development and 
reduced cell numbers in resultant blastocysts [43, 44]. To 
eliminate the potentially toxic effect of dead blastomere on 
further embryonic development, removal of the necrotic 
blastomeres has been performed and proven to effectively 
improve the implantation rate of partially damaged thawed 
embryos [45, 46]. It has been suggested that necrotic blasto-
mere removal be applied routinely for all partially damaged 
embryos when appropriate [47].

Resumption of mitotic division (i.e., further cleavage) 
after in vitro culture of frozen-thawed early-cleaved embryos 
has reported to be effective in aiding the selection of viable 
embryos for transfer by several studies [45, 48]. Significantly, 
higher implantation rates were obtained after the transfer of 
embryos that had resumed cell division compared to those 
without further cleavage. Guerif et al. reported that the 
implantation rate per transferred embryo was significantly 
higher for cleaved embryos compared with uncleaved 
embryos (19.7% and 3%, respectively) [49]. A similar trend 
was observed by Tang et al. [38], who reported a reduced 
rate of embryo implantation (13.4% versus 2.8%) for those 
embryos with and without blastomere division in single 
embryo transfers. These data strongly support that priority 
should be given to thawed embryos with further cleavage 
and suggest leaving postthaw embryos in culture to allow for 
subsequent cell division.

Limited data is available regarding the application of 
vitrification in the cryopreservation of pronuclear and cleav-
age stage human embryos [50–52]. This is probably because 
acceptable rates of embryo survival and pregnancy have 
been achieved by using the slow freezing method. By using 
single pronucleate (1PN) and three pronucleate (3PN) 
zygotes, Liebermann et al. [53] demonstrated that vitrifica-
tion did not impact the developmental potential of human 
pronuclear stage embryos. Similar rates of embryo cleav-
age, cavitation, and blastocyst formation were obtained 
between vitrified groups and the unvitrified control groups. 
Desai et al. reported the largest number of pregnancies 
obtained from vitrified 6–8 cell stage human embryos [54]. 
In her study, 85% (201/236) of the vitrified embryos sur-
vived warming. The clinical pregnancy rate was 44% (34/77) 
and implantation rate was 20% (40/201). Although the exist-
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ing data support that vitrification yields satisfactory survival 
rate, direct comparison between slow freezing and vitrifica-
tion of cleavage stage embryos is still lacking.

46.2.2  Blastocyst Cryopreservation

Since the advent of sequential culture media, the utility of 
blastocyst culture has gained popularity in human assisted 
reproductive technology programs. Accordingly, the need to 
cryopreserve supernumerary blastocysts is increasing. The 
main characteristic of the blastocyst is its fluid-filled cavity, 
the blastocoele. For cleavage stage embryos, a large propor-
tion of water content is present inside the totipotent blastom-
eres (2–8 cell stage); the osmolarity-induced changes during 
the cryopreservation process are manifested at the cellular 
level. However, the in vitro derived human blastocyst con-
tains a large number (60 ~ 100) of two structurally and func-
tionally differentiated cell populations (inner cell mass 
(ICM) and trophectoderm (TE)) [55]. These cells are small 
in size and volume, and it is the blastocoele that contains the 
largest amount of water of a blastocyst [56]. Blastocysts, 
therefore, behave differently from cleavage stage embryos, 
as not only the volumetric changes of the blastomere but 
more importantly changes of blastocoele size together con-
stitute the integrated whole of osmotic behavior of  blastocysts 
during the cryopreservation process.

Different from the cleavage stage embryo, the viability of 
cryopreserved blastocyst is less easy to define by detecting 
the further cleavage of survived blastomeres even under 
inverted microscope [57]. Prolonged culture of thawed blas-
tocysts provides a chance to evaluate blastocoele  reexpansion, 
which is a relatively fast event that can happen within 1–2 h 
postthaw [58]. Blastocoele re-expansion has been shown to 
be predictive of blastocyst viability [59, 60]. Although the 
precise mechanism remains unclear, trophectoderm epithe-
lium has proven to play a key role in the reestablishment of 
the blastocoelic cavity [59]. Tranfers of a single thawed blas-
tocyst with more than 50% blastocoele re-expansion resulted 
in significantly higher rate of clinical pregnancy compared to 

early or un-reexpanded blastocysts [59, 62]. Studies in 
human and bovine showing that reexpanded blastocysts had 
higher glucose consumption than those without re-expansion 
verify the accuracy of fast re-expansion as a good morpho-
logical marker in selection of good embryos [63, 64].

The most commonly used freezing protocol for human 
blastocyst is the Menezo 2-step slow freezing/rapid thawing 
protocol as previously described by Menezo et al. [65, 66]. 
For example, in our protocol, freezing and thawing solu-
tions consist of the cryoprotectants in a HEPES-buffered 
human tubal fluid medium (mHTF) (CooperSurgical, Inc, 
Trumbull, CT) supplemented with 20% Serum Protein 
Substitute (SPS). Equilibration with the freezing solutions 
is carried out at room temperature. Blastocysts are first 
exposed to a 5% glycerol solution for 10 min and then to 9% 
glycerol + 0.2 mol/l sucrose solution for another 10 min. 
They are then loaded into cryostraws (Cryo Bio System, 
IMV Technologies, Paris, France) and placed in a program-
mable freezer (CL-8000, Cryologic, Mulgrave, Victoria, 
Australia). The straws are cooled from −6.5°C at which 
point a 1 min pre-seeding hold is maintained before manual 
seeding is performed. An additional 9 min hold at −6.5°C is 
provided for further equilibration. Cooling resumes at a rate 
of −0.3°C/min to −35°C before the cryostraws are plunged 
and stored in liquid nitrogen.

For blastocyst thawing, cryoprotectants are removed at 
room temperature by stepwise dilution. Cryostraws are 
removed from liquid nitrogen and exposed in air for 30 s 
before being warmed in a water bath at 30°C for 45 s. 
Blastocysts are then expelled from the cryostraws into a 
0.5 mol/l sucrose solution and left for 10 min, followed by 
0.2 mol/l sucrose solution for another 10 min. The thawed 
blastocysts are then washed in mHTF with 20% SPS with-
out sucrose, after that blastocysts are transferred to Quinn’s 
Advantage Blastocyst Medium with 20% SPS and further 
cultured at 37°C with 5% CO

2
, 5% O

2
, and 90% N

2
 for 

2–4 h until transfer. Blastocysts undergo multiple changes 
in blastocoele size in response to external osmotic stress 
during the freezing–thawing process, as illustrated in 
Figs. 46.4 and 46.5.

Fig. 46.4 Morphological changes of a human blastocyst during the 
2-step equilibration prior to slow cooling. (a, b) a blastocyst floats and 
starts to shrink within a few seconds in 5% glycerol, (c) the blastocyst 
shranks rapidly to between 60% of their isotonic volume and maximum 

shrinkage occurs within 3 min, (d) the blastocyst undergoes slow 
re-expansion and regains 80% of its initial blastocoele volume, (e) the 
blastocyst undergoes further shrinkage within a few seconds of expo-
sure to 9% glycerol + 0.2 mol/l sucrose and remained shrunken



69546 Cryopreservation of Human Oocytes and Embryos

Slow freezing has been widely used in the cryopreservation 
of human blastocysts; however, inconsistent results were 
obtained, with pregnancy rates of 0–59.2% [60, 67–69]. 
Suboptimal culture conditions might have influenced the 
freezability of blastocysts. Very poor clinical outcome was 
achieved following the replacement of frozen/thawed blasto-
cysts cultured in a single medium [70]. The availability of a 
number of successful sequential culture systems has led to 
the production of high quality blastocysts and acceptable 
pregnancy rates. Moreover, a decrease of the number of junc-
tional contacts between the trophoblastic cells of in vitro 
produced blastocysts has been observed through ultrastruc-
ture observation, leading to poor postthaw survival and 
decreased rate of re-expansion as compared to in vivo pro-
duced counterparts with similar morphology [71–73].

Frozen blastocyst transfer provides a very good model to 
investigate the synchronization of endometrium and embry-
onic development. As demonstrated by Shapiro et al. [75], 
transferred embryos reaching blastocyst stage on day 5 are 
approximately twice as likely to implant compared to those 
for which expansion and transfer are delayed until day 6, 
implying the importance of developmental rate in the estab-
lishment of a successful pregnancy in a fresh transfer cycle. 
However, several studies have shown that day 6 and day 5 
frozen blastocysts have similar survival rates and implanta-
tion potential [69, 76]. The fact that cryopreservation rescues 
developmentally retarded blastocyst frozen on day 6 indi-
cates the critical role of endometrial receptivity in the reduced 
success rates of later developing embryos [77, 78].

Since the first pregnancy following transfer of a vitrified 
human blastocyst reported in 2000 [79], successful pregnan-
cies and live births have been obtained by using different 
carrier methods: Cryoloops [80], Electron Microscopy Grids 
[81], plastic micropipettes [82], Cryotops [76], and cut stan-
dard straws (CSS) [22]. A decreased rate of blastocyst sur-
vival after vitrification has been noted when the volume of 
the blastocoelic cavity is increased, with morula and early blas-
tocysts surviving better than expanded and hatching blastocysts 
[56]. This is probably due to the insufficient permeation of 
cryoprotectant into the blastocoele, with residual water in the 
blastocoelic cavity increasing the potential for ice crystal 

formation during the vitrification process. Artificial shrink-
age of the blastocoele by using a micro-needle or a laser 
pulse prior to the cooling steps of vitrification has been 
proven to significantly improve the blastocyst survival and 
implantation rates [56, 83]. Although slow freezing is still 
the main stream of blastocyst cryopreservation, direct com-
parison between slow freezing and vitrification has demon-
strated that vitrification was superior or at least equal to slow 
freezing [76, 84]. Considering the tremendous economic 
advantage of vitrification over slow freezing, it is conceiv-
able that vitrification will be more widely used in human 
blastocyst cryopreservation.

46.3  Cryopreservation of Human Oocytes

Oocyte cryopreservation offers potential benefits for several 
categories of infertile and fertile women. While embryo cryo-
preservation is routine and well-established, it is suitable only 
for women with a male partner and may not be acceptable to 
some patients due to ethical, moral, and religious reasons. 
Oocyte cryopreservation bypasses these issues and poten-
tially offers the patients an alternative to embryo cryopreser-
vation. Women in the Western hemisphere have been delaying 
initiation of childbearing to later in life. In 2002, the rate of 
first birth increased by 28% for women 35–39 years of age 
and 44% for women aged 40–45 when compared with 1990 
[83]. However, female fertility declines with the advancing 
age, with poor oocyte quality being the main cause. A woman 
over 35 has more difficulty in conceiving and some of them 
have to seek oocyte donation. Oocyte cryopreservation pre-
serves a woman’s future ability to have a child at a later date 
without losing the chance to use their own oocytes. In 2001, 
over 625,000 women in the United States were diagnosed 
with some form of invasive cancer [86, 87]. Approximately 
8%, or 50,000 of these women were under the age of 40 [88]. 
While progress in cancer therapy has increased the 5-year 
relative survival rate for all cancers combined from 56% to 
64% in women [89], the risk of loss of ovarian function  
is a well-known side effect of antineoplastic treatment.  

Fig. 46.5 Blastocoele re-expansion of a thawed blastocyst. (a) a thawed 
blastocyst expelled from the frozen straw immediately after the thaw, (b) 
the thawed blastocyst shrinks slowly after being transferred into thawing 
media containing 0.5 mol/l sucrose, (c) the blastocyst continues to shrink 

in thawing solution with 0.2 mol/l sucrose, (d) the thawed blastocyst 
starts to re-expand within 1 h incubation in isotonic blastocyst medium 
without sucrose, (e) the thawed blastocyst shows 90% blastocoele re-
expansion after 2 h in vitro culture
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Oocyte cryopreservation potentially provides an option to preserve 
the fertility of female cancer patients prior to their treatments. 
Moreover, the use of frozen donor oocytes decreases the limi-
tations of fresh oocyte donation, such as donor availability, 
cost, need to synchronize the donor’s and the recipient’s men-
strual cycles, travel requirements, and the inability to quaran-
tine oocytes [90].

The first pregnancy after human oocyte cryopreservation 
was reported in 1986 by using DMSO as the cryoprotectant 
supplemented with sucrose [91]. Despite considerable efforts 
hat had been made to improve the outcome of oocyte cryo-
preservation, only a few more pregnancies were obtained in 
the following 10 years [92, 93]. On the basis of the assump-
tion that oocytes were similar to embryos, oocytes were cry-
opreserved in a similar way as cleavage stage embryos at the 
early stage of oocyte cryopreservation. Unfortunately, slow 
freezing/rapid thawing protocol derived from embryos was 
not applicable to oocytes, as manifested by the low rates of 
survival, fertilization, and poor embryonic development. An 
appreciation of the specific biophysical characteristics of 
oocytes is helpful to understand why oocytes were so diffi-
cult to be successfully cryopreserved. First of all, the oocyte 
is a large single cell with a small surface:volume ratio, which 
can slow water and cryoprotectant efflux and influx and 
increase the likelihood of intracellular ice formation [94]. 
Secondly, the meiotic spindle apparatus is highly sensitive to 
chilling injury and easily damaged by intracellular ice crys-
tal formation during the freezing and thawing process. It has 
been reported that even transient cooling to room tempera-
ture for 10 min could cause irrevisible disruption of the mei-
otic spindle in the human oocytes [95]. Thirdly, oocytes are 
less permeable to water and cryoprotectants as compared to 
zygotes and early cleavage stage embryos. Lastly, the cryo-
preservation process initiates parthenogenetic activation and 
the hardening of the zona pellucida, which can adversely 
affect the normal fertilization process [96].

For these reasons, several modifications have been made 
to the slow freezing protocols derived from embryos in recent 
years. Eighty percent of the frozen oocytes (37/46) were suc-
cessfully recovered by using PROH as cryoprotectant [97]. 
The addition of high concentrations of sucrose in the freez-
ing solution not only ensures high rates of oocyte survival, 
but also improves oocyte quality. According to Fabbri et al. 
[98], the survival rate of cumulus-free oocytes was improved 
from 30% to 60% and 81% when the concentration of sucrose 
was increased from 0.1 mol/l to 0.2 and 0.3 mol/l respec-
tively. More frozen-thawed oocytes displayed normal mei-
otic spindle configuration and chromosome organization 
under a protocol adopting 0.3 mol/l sucrose (69.7%) as com-
pared to using 0.1 mol/l sucrose (50.8%) [99]. Reducing or 
eliminating sodium in the freezing medium has also exerted 
beneficial effects on the survival of immature and mature 
human oocytes [100]. Fabbri et al. [98] showed that a longer 
preincubation (from 10.5 to 15 min) in 1.5 mol/l 

PROH + 0.2 mol/l sucrose prior to slow cooling significantly 
increased the oocyte survival rate as well. Increasing the 
seeding temperature as close as possible to the melting point 
of the freeing solution decreased the incidence of intracellu-
lar ice formation and yielded higher oocyte survival rate 
[101]. For oocyte thawing, Fosas et al. [102] modified 
Fabbri’s protocol by shortening the exposure time in the 
rehydration solutions at room temperature from 30 to 
12.5 min. They reported a survival rate of 90% and obtained 
four pregnancies out of seven transfers. Three to four hours 
postthaw incubation is necessary for meiotic spindle restora-
tion and is reported to facilitate normal fertilization and subse-
quent embryonic development [100]. Microinjection of small 
amount of trehalose provides another alternative to protect 
human oocytes against freezing damage [103]. These modi-
fications as well as the introduction of ICSI have increased 
the efficiency of oocyte freezing and resulted in many healthy 
live births.

As an alternative method to slow freezing, vitrification 
involves the use of very high concentrations of cryopro-
tectants and rapid cooling rate. The rapid cooling rate used 
to achieve vitrification allows less time for ice formation. In 
contrast to slow freezing in which the meiotic spindle was 
inevitably damaged and a 3–4 h postthaw incubation was 
required for the reconstruction of the cryo-damaged spindle 
[104], vitrification performed at 37°C had negligible impact 
on the meiotic spindle [105]. The first birth following transfer 
of embryos obtained from vitrified human oocytes was 
reported by Kuleshova et al. [106]. Successful pregnancies 
and live births have been achieved by vitrification of human 
oocytes using different carrier systems: OPS [20], Cryotops 
[107, 108]; Cryoleaves [109*]. Oocyte vitrification proto-
cols vary significantly in the literature with different type 
and concentration of the cryoprotectants being used. The 
most commonly used mixture of cryoprotectants for human 
oocyte vitrification are EG and DMSO. Liebermann’s expe-
rience indicated that an EG + DMSO mixture can be an 
effective cryoprotectant strategy for human oocyte vitrifica-
tion [110]. In his large series of 1,120 human oocytes vitri-
fied with cryoloop, more than 80% of the vitrified oocytes 
survived after warming. By using and Cryotop technique, 
Antinori et al. vitrified mature oocytes in a mixture of 15% 
EG, 15% DMSO, and 0.5 mol/l sucrose and achieved a sur-
vival rate as high as 99.4% (328/330), with the pregnancy 
and implantation rates of 32.5% and 13.2% being obtained 
respectively [107]. These results are encouraging; however, 
it should be noted that high concentrations of cryopro-
tectants are cytotoxic. Maximizing the cooling rate by mini-
mizing the volume of vitrification solution containing 
oocytes is one of the most promising strategies to reduce the 
concentration of cryoprotectants, leading to less cryopro-
tectant toxicity to the oocytes. High oocyte survival rate 
(91%, 58/64) has been achieved by employing tiny drops as 
small as 0.1 ml in volume [108]. To eliminate the risk of 



69746 Cryopreservation of Human Oocytes and Embryos

contamination during oocyte storage in liquid nitrogen, fur-
ther studies are needed to assure the efficacy of open vs. 
closed carrier systems.

Similar to embryos, membrane permeability of oocytes 
decreases as maturation proceeds. Immature oocytes at GV 
and metaphase I stages have been shown to have a higher 
permeability than mature oocytes for a given cryoprotectant 
[111], making it more difficult to cryopreserve mature 
oocytes. Due to the lack of understanding of the mechanism 
regulating oocyte maturation and the limited number of 
births from in vitro matured human oocytes, most published 
reports focused on the cryopreservation of mature oocytes. 
The difficulty of cryopreserving mature oocytes also lies in 
the presence of meiotic spindle, which is essential for correct 
alignment and segregation of chromosomes. Oocyte quality 
is another factor affecting the recovery rate, with high quality 
oocytes surviving better than poor ones. The presence of 
cumulus cells during freezing process is helpful to increase 
the cell surface/volume ratio of oocytes. However, results 
from different groups show some divergence, probably due 
to different freezing/thawing protocols of investigation [112]. 
The removal of cumulus cells before vitrification has been 
shown to enhance the survival rate of both mature and imma-
ture oocytes, however, the developmental competence of 
immature oocytes was impaired [113, 114].

Live births have been obtained from cryopreserved human 
oocytes by using either slow freezing or vitrification method. 
It is estimated that there have been 300 to 600 children born 
from cryopreserved human oocytes worldwide during the 
last two decades [115]. A major concern about oocyte cryo-
preservation is the potential damage of meiotic spindle and 
its effect on the safety of the offspring. In a recent survey 
performed by Borini et al. [116], two malformations were 
found out of 105 babies born after frozen oocytes, with one 
infant being affected by choanae atresia and the other by 
Rubinstein–Taydi Syndrome. However, the fathers of those 
two babies were affected by severe male factor. A prospec-
tive follow-up with adequate numbers of patients for a suffi-
cient length of time will be valuable to help evaluate the 
long-term safety and development of the children born after 
oocyte cryopreservation. Due to the limited number of births, 
oocyte cryopreservation is still considered to be an experi-
mental procedure and advised to be performed under institu-
tional review board (IRB) research protocol by American 
Society for Reproductive Medicine (ASRM).

46.4  Storage of Cryopreserved Oocytes  
and Embryos

Advances in assisted reproductive technologies (ART) over 
the last two decades have led to better cyropreservation tech-
niques and the wider use of cryopreserved human embryos. 

As of April 11, 2002, nearly 400,000 embryos were stored in 
the United States, the majority of which (88.2%) were targeted 
for patient use [117]. Among these embryos, 99% were 
stored in the IVF clinics, with the other 1% being stored in 
offsite facility. Patients consenting to the frozen storage of 
oocytes or embryos quite rightly expect the IVF clinics or 
offsite facilities to do everything reasonably possible to keep 
them in optimum conditions [118]. Both the process of cryo-
preservation and the cryofacility are loaded with risk, from 
patient/sample processing, through to the eventual utilization 
or disposal of specimens. The IVF clinics and offsite storage 
facilities must ensure that there is a system to manage risks 
associated with cryopreservation, which include, but are not 
limited to, staff injury, premature warming of cells and tis-
sues, and transmission of infection [118].

Attention should be paid to the safety aspects involved in 
cryopreservation and storage. It is a matter of good labora-
tory practice to wear gloves and eye protection when han-
dling liquid nitrogen. A continued supply of liquid nitrogen 
must be ensured to maintain ultralow temperature for the 
safekeeping of cryopreserved specimens. Alarms linked to 
external warning systems such as autodialers or fire alarm 
panels to deal with out of hours emergencies should also be 
in place. Cross-contamination within a liquid nitrogen 
storage tank is another concern of frozen oocyte and embryo 
storage. Human immunodeficiency virus (HIV), hepatitis B 
(HBV) and C (HCV) viruses, and possibly other viruses can 
survive in liquid nitrogen, making it possible for cross con-
tamination of samples to occur in liquid nitrogen storage 
tanks [119]. While there is no direct evidence of cross-
contamination of gametes and embryos stored in the same 
tank, there is however, evidence of the presence of HCV 
virus in different ejaculates of the same semen donor [120]. 
It is therefore of critical importance to screen all patients for 
HIV, HBV, HCV prior to sperm, oocyte and embryo cryo-
preservation. Cryopreserved samples must also be main-
tained in quarantine while test results are still pending. 
Ideally, separate storage tanks for HIV-, HBV-, and HCV-
infected specimens are advised [119]. Both oocytes and 
embryos can be associated with a number of potentially 
pathogenic agents when stored in open containers or are 
introduced through leakage due to faulty seals or container 
breakage [121, 122]. To reduce the risks of cross contamina-
tion of samples in liquid nitrogen storage, specimen contain-
ers must be guaranteed by the manufacturer to withstand 
freezing temperatures and thawing cycles.

Another strategy to minimize the potential for transmis-
sion is the use of nitrogen vapor instead of liquid nitrogen 
itself. Vapor storage has been proposed to minimize or elimi-
nate the possibility of cross-contamination [123, 124].  
A major concern of the vapor storage is the risk of loss of cell 
viability. Human sperm survive satisfactorily with good 
recovery in the vapor of liquid nitrogen [125]. Similar rates 
of embryo survival and blastocyst formation were obtained 
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between 1-cell mouse embryos stored in liquid nitrogen and 
nitrogen vapor [124]. Although no published data is available 
on human embryos, nitrogen vapor storage does not compromise 
the viability of vitrified human oocytes [126].

46.5  Conclusions

Recent advances in the understanding of oocytes and 
embryos have contributed significantly to the improvement 
of the efficiency of human oocyte and embryo cryopreserva-
tion. However, it should be noted that attempts to cryopre-
serve human oocytes, embryos and ovarian tissues have 
been based mostly on empirical approaches [127]. As a 
well-established technique with reasonable outcomes, 
embryo cryopreservation has been accepted as an integral 
part of human assisted reproductive technology. Although 
encouraging results have been recently obtained in oocyte 
cryopreservation by using vitrification techniques, there is 
still much to learn and understand today. As an alternative 
method to oocyte and embryo cryopreservation, ovarian tis-
sue cryopreservation is an experimental technology and its 
efficacy remains to be determined. Due to the complex 
nature of the cryopreservation process, membrane permea-
bility coefficients to water and cryoprotectants vary among 
cell types and developmental stages. To optimize the oocyte 
and embryo cryopreservation protocols, further studies need 
be performed to elucidate the biochemical and biophysical 
events by theoretical analysis.
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Abstract Negative impact of modern cancer treatment 
methods on human reproduction has been recognized. In 
this chapter, we first summarize the facts about cancer and 
treatment-related adverse outcomes in female reproductive 
function, then discuss the needs, and outline the current 
strategies and the future directions of fertility preservation 
and ovarian cryopreservation and transplantation in adult 
and adolescent female patients whose fertility are jeopar-
dized by the therapies required for the treatment of their 
primary illnesses.

Keywords Fertility preservation • Cancer • Gonadotoxic • 
Chemotherapy • Radiation • Cryopreservation

47.1  Facts About Cancer

Cancer is one of the biggest public health problems in the 
world. In 2008, approximately 1.5 million new cancer cases 
and 500,000 deaths from cancer were expected to occur in 
the US. Approximately 700,000 of these cases would be 
females. Cancers of the breast, lung and bronchus, and 
colon and rectum, leukemia and lymphomas, and cervical 
cancer are commonly diagnosed in females under the age 
40. The probability of being diagnosed with an invasive 
cancer for women under the age 40 is 2%. This rate climbs 
up to 9% by the age 60 [1]. Leukemia is the leading cause 
of cancer death among females before age 20. Breast can-
cer ranks first at age 20–59 years, and leaves its place to 
lung cancer in women at age 60 years and older. Overall, 
cancer is the leading cause of death among women aged 
40–79 years [1].

Childhood cancers are another important health issue as 
cancer is the second leading cause of death among children 

between ages 1 and 14 years in the United States. Most common 
types of childhood tumors are leukemia, tumors of the central 
nervous system, neuroblastoma, Wilms tumor and nonHodgkin 
lymphoma [1].

Advanced diagnostic modalities, improved surgical tech-
nique, combination chemotherapy, radiotherapy, and sup-
portive care have led to an increase in the 5-year survival 
rates for many cancer types. For instance, the survival rate in 
adults increased from 50% in 1970s to 66% in 2003 when 
cancers of all sites and all races are considered [1]. The fig-
ures are more encouraging in children. The 5-year relative 
survival rate among children for all cancer sites combined 
improved from 58% for patients diagnosed in 1975–1977 to 
80% for those diagnosed in 1996–2003 [1].

47.2  Cancer Therapy: Gonadal Cytotoxicity

Modern combination chemotherapy and radiotherapy 
regimens have a substantial negative impact on reproductive 
organs. Premature ovarian failure and other poor reproductive 
outcomes such as preterm births and abortions are major 
sequels subsequent to cancer therapies. Ovaries are endowed 
with a limited number of eggs, which are very sensitive to 
cytotoxic cancer drugs and radiation. Reproductive life span 
(ovarian reserve) is determined by the number of quiescent 
primordial follicles in the ovary. Germ cells differentiate into 
primordial follicles, and their number is established before 
birth even though this dogma has been recently challenged by 
two studies [2, 3]. Direct or indirect toxic insults to the oocyte, 
surrounding steroid-producing somatic cell layers (granulosa 
and theca cells) or both are associated with accelerated and 
premature depletion of germ cells in the gonads. This is the 
main mechanism underlying gonadal failure induced by che-
motherapy and radiation [4]. Patient’s age, the type, dose, and 
intensity of chemotherapy and/or radiotherapy are the main 
factors determining the magnitude of the damage in the ovary. 
Older patients have lower ovarian reserve when compared 
with younger ones; therefore they have higher risk for ovarian 
failure during or after chemotherapy or radiation. Sadly, as 
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noted in the adult survivors of childhood cancers, there are 
some other adverse extragonadal effects such as abnormali-
ties in the regulation of growth and endocrine functions, and 
other poor reproductive outcomes that appear later in life such 
as preterm births and miscarriages.

Besides malignancies, treatment of certain precancerous 
and benign conditions such as myelodysplasia, aplastic ane-
mia, and systemic lupus erythematosus may necessitate the 
administration of high dose chemotherapeutics with and 
without stem cell transplantation [5]. Therefore, preservation 
of gonadal function and fertility has become one of the major 
qualities of life issues for cancer survivors at reproductive 
ages. Accordingly, clinical guidelines, encouraging fertility 
preservation among all young cancer survivors with interest 
in fertility, have been recently issued by American Society of 
Clinical Oncology [6].

47.3  Chemotherapy Agents: Ovarian 
Toxicity

Gonadotoxic potentials of chemotherapeutics may differ 
depending upon their mechanisms of action. Data on their 
toxicity profile has accumulated from important sources; 
clinical trials and animal studies. In most of the clinical stud-
ies, status of menstrual function has been the main parameter 
to evaluate the magnitude of the impact of chemotherapy on 
human ovary. However, menstrual status may not be a reli-
able marker of gonadotoxicity or fertility as shown previ-
ously in patients who were still menstruating despite their 
critically elevated FSH levels and diminished ovarian reserve 
[7]. Moreover, the use of multiagent chemotherapy drugs in 
many regimens precludes assessment of individual gonado-
toxicity of each drug in a given regimen.

Markers of ovarian reserve such as FSH, estradiol, and 
anti-Mullerian hormone (AMH) measurements [7] as well as 
antral follicle counts [8] can be used for a better assessment 
of ovarian reserve before and after chemotherapy. However, 
their predictive value in evaluating the impact of chemother-
apy regimens remains to be determined. Unfortunately, nei-
ther of these markers is direct measures of ovarian reserve. 
More accurate information of gonadotoxicity on human 
ovary can only be obtained by real-time quantitative analysis 
of primordial follicle counts using histomorphological meth-
ods in ovarian samples. This necessitates an operation it can-
not be done in clinical settings for ethical and practical 
reasons. Moreover, as new agents are introduced to adjuvant 
setting, their long-term impact on human ovary is extremely 
difficult to determine from short-term studies.

As another source of information on gonadotoxicity, a num-
ber of animal studies have been conducted mainly in rodents. 
Even though these models showed individual gonadotoxicity 

of certain cancer drugs such as cyclophosphamide and doxo-
rubicin [9, 10] however, some discrepancies may exist between 
animal and human ovaries. Therefore by considering all these 
needs, we developed a human xenograft model [11]. That 
model enabled us to characterize the time course and the mech-
anism of action of gonadal damage induced by chemotherapy 
agents via quantitative histomorphometric analysis of primor-
dial follicle counts and cell death assays.

A solid body of evidence consistently showed that che-
motherapy agents of alkylating group appear to have more 
toxic effects in the gonads of both sexes, therefore are associ-
ated with the highest risk of infertility as shown in clinical 
and animal studies. Alkylating antineoplastic agents include 
nitrogen mustard family (cyclophosphamide, uramustine, 
chlorambucil and melphalan, mechlorethamine), alkyl sul-
fonates (busulfan), nitrosureas (carmustine, streptozocin), 
ethyleneimines and methylmelamines (hexamethylmelamine 
and thiotepa), triazenes (dacarbazine) and imidazotetrazines 
(temozolomide). Cyclophosphamide is one of the most com-
monly used and one of the most effective antineoplastic 
drugs in the treatment of many solid and hematologic malig-
nancies as well as certain autoimmune diseases [4]. We 
recently characterized gonadotoxicity of cyclophosphamide in 
human ovary using a xenograft model [11]. Cyclophosphamide 
based regimens CEF, CMF, CAF, AC (combinations of 
cyclophosphamide with methotrexate, epirubicin, fluoroura-
cil, doxorubicin) are commonly used in the adjuvant treat-
ment of breast cancer. Cyclophosphamide and busulfan 
combination are administered at high doses for myeloabla-
tive conditioning prior to hematopoietic stem cell transplan-
tation. CHOP (in combination with doxorubicin and 
vincristine) is another cyclophosphamide-based alkylating 
regimen commonly used in the treatment of leukemia and 
lymphomas. All these regimens are associated with higher 
risk of permanent and premature ovarian failure especially in 
patients at age 40 and older with diminished ovarian reserve 
even at smaller doses. Patients who receive these combina-
tions at ages between 30 and 39 or younger than 30 possess 
lower risk for gonadal failure because of their higher ovarian 
reserve [6].

Data on ovarian toxicity associated with the use of other 
antineoplastic agents are scarcer. Cisplatin and Adriamycin 
posses intermediate risk for gonadotoxicity whereas admin-
istration of nonalkylating agents such as vincristine metho-
trexate, fluorouracil, Idarubicin or ABVD combination 
(doxorubicin/bleomycin/vinblastin/dacarbazine) may pose 
lower risk for ovarian failure because of less harmful nature 
of these agents [5, 6].

It should be emphasized that newer drugs with unknown 
toxicity profile such as, Taxanes, Oxaliplatin, Irinotecan, 
monoclonal antibodies (trastuzumab, bevacizumab, cetux-
imab), or tyrosine kinase inhibitors (erlotinib, imatinib), or 
less cytotoxic agents when used at higher doses, longer duration 
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of use, or at more frequent intervals may be associated with 
higher risk for premature ovarian failure.

A recent study quantified the impact of chemotherapy on 
primordial follicle count in age-matched cancer patients 
undergoing ovarian freezing before and after chemotherapy 
administration by providing histological evidence for che-
motherapy induced primordial follicle loss [12].

Another important point to be emphasized is that ovarian 
stromal cells may play a role in ovarian endocrine function 
and possibly in restoration of ovulatory function postchemo-
therapy [13]. Since the importance of stromal cells has been 
shown in other organs such as bone marrow, in which stromal 
cells previously exposed to cancer drugs suppress hematopoi-
esis from normal donor cells [14], studies that address 
whether chemotherapy induced damage in ovarian stromal 
cells has important in the restoration of ovarian stromal func-
tion are needed. We showed that in vitro, ovarian cortical 
pieces from individuals who were previously exposed to che-
motherapy (chemotherapy group) produced significantly less 
estradiol when compared with those who were not (control 
group) [12].

47.4  Ovarian Damage Induced by Radiation

Ovarian damage and failure may develop during or after 
radiotherapy. Abdominal, pelvic, or spinal irradiation are 
associated with increased risk of developing acute ovarian 
failure, especially if both ovaries are within the treatment 
field [15, 16]. Ovarian damage may occur not only by direct 
exposure to radiation such as in the case of pelvic or low 
abdominal irradiation, but also scatter radiation may cause 
significant damage even if gonads are outside of the radia-
tion. Direct actions of particles such as neutrons on DNA are 
predominant mechanism of damage, while indirect actions 
come from the interaction of radiation with other substances 
in the cell such as water leading to formation of free radicals 
and DNA damage. This mechanism is particularly true for 
sparsely ionizing radiation such as X-rays. Increased radia-
tion doses are associated with a higher risk of gonadal fail-
ure. The extent of the damage could be more pronounced 
with single dose rather than fractionated dose [17]. The LD 
50, the radiation dose required to kill 50% of oocytes of the 
human oocyte is <2 Gray (Gy).

As younger ovaries harbor higher number of primordial 
follicles, younger individuals are more resistant to perma-
nent damage from irradiation than are older individuals [18, 
19]. For instance, 6 Gy may be sufficient to produce irrevers-
ible ovarian damage in women older than 40 years of age 
when compared with 10–20 Gy doses needed to induce per-
manent ovarian failure in the majority of females treated dur-
ing childhood [20, 21]. Perhaps, the most devastating damage 

in the ovary occurs in patients who receive a stem cell trans-
plant with high dose total body irradiation (TBI). One study 
showed that almost all of the patients who had undergone a 
marrow transplant with TBI after age 10 years developed 
acute ovarian failure, whereas approximately 50% of girls 
who had received a transplant before age 10 years suffered 
acute loss of ovarian function [22]. TBI given as a single 
dose or fractionated (10–15 Gy), is often used in combina-
tion with gonadotoxic cyclophosphamide or melphalan. The 
use of cyclophosphamide in conjuction with radiation 
increases further the extent of the damage as exemplified by 
a study showing that all of 144 patients receiving TBI with 
cyclophosphamide for bone marrow transplantation (BMT) 
developed amenorrhea in the first 3 years. Return of menses 
occurred 3–7 years posttransplant only in nine patients; all 
were younger than age 25 [23].

47.5  Other Reproductive Harms Associated 
with Chemotherapy and Radiation

Increased survival rates associated with newer modern can-
cer therapies have given rise to a new population, adult sur-
vivors of childhood cancer. As a result of exposure to high 
cumulative doses of specific chemotherapeutic agents (e.g., 
alkylating agents, anthracyclines) and radiotherapy or both, 
many treatment-related adverse health outcomes have been 
identified in this newly described group of patients, ranging 
from metabolic and endocrine abnormalities to cognitive 
function deficits. There are some other long-term adverse 
outcomes in reproductive function, especially among survi-
vors of childhood cancer after exposure to chemotherapy and 
radiotherapy, due to their extra gonadal effects. It appears 
that female sex is more commonly associated with higher 
treatment-related risks such as cognitive dysfunction after 
cranial irradiation, poor cardiovascular outcomes, obesity, 
radiation-associated differences in pubertal timing, develop-
ment of primary hypothyroidism, breast cancer as a second 
malignant neoplasm and osteonecrosis [24]. The timing of 
menarche may be altered in survivors of childhood cancer, 
especially in those exposed to cranial and craniospinal radio-
therapy when compared with those treated with chemotherapy 
alone. Therefore, those exposed to cranial and craniospinal 
radiotherapy, especially at a young age, should be monitored 
closely for abnormal timing of menarche [25].

Uterine function is also often compromised by radiation-
induced damage to uterine vascular and muscular structures 
resulting in decreased uterine blood flow, reduced uterine 
volume, decreased endometrial thickness, and loss of disten-
sibility. Whole body irradiation (20–30 Gy) during child-
hood has documented to cause mid-trimester miscarriages 
[26]. Unfortunately, women exposed to radiation postpubertally 



706 K. Oktay and O. Oktem

have larger uterus and greater likelihood of livebirth than 
those exposed prepubertally [27]. Sadly, women with ovar-
ian failure secondary to whole body irradiation (20–30 Gy) 
have significantly reduced uterine size with no improvement 
in blood flow and endometrial thickness in response to exog-
enous sex hormones [28]. Another adverse effect of radiation 
therapy is lower birth weight in the offspring and a higher 
risk of miscarriage in childhood cancer survivors according 
to the report of the Childhood Cancer Survey Study [29]. 
Restricted fetal growth and early births may occur as late 
effects among the offspring of female childhood cancer sur-
vivors, especially in those who had received pelvic irradia-
tion [30].

Amenorrhea occurring post exposure to radiation may be 
hypothalamic in origin rather than ovarian as seen in indi-
viduals receiving radiation at doses >30 Gy to the hypotha-
lamic – pituitary unit [31].

47.6  Strategies to Preserve Reproductive 
Function

There are different fertility preservation options in female 
patients depending upon the patient’s age, type of treatment, 
diagnosis, whether she has a partner, the time available and 
the potential that cancer has metastasized to her ovaries.

47.7  Ovarian Tissue Freezing

Animal studies of ovarian tissue cryopreservation and trans-
plantation date back to the 1950s. But its application to 
human ovarian tissue is confined to last decade [32]. Studies 
related to several animal models such as sheep, mice, rat, 
and primate have documented feasibility of ovarian tissue 
freezing and transplantation [33]. Prepubertal children and 
adult patients who do not have time to undergo ovarian stim-
ulation for oocyte or embryo cryopreservation should be 
considered ovarian cryopreservation. Primardial follicles 
are located in ovarian cortex and contain oocytes arrested in 
the diplotene stage of prophase of first meiotic division. 
Banking of ovarian tissue relies on the relative resistance of 
primordial follicles to cryo-toxicity/ischemia because of 
their relatively high surface/volume ratio, low metabolic 
rate, the absence of zona pellucida, and lack of metaphase 
spindles when compared with follicles at other developmental 
stages [34].

As our understanding about cryobiology and cryo dam-
age improved along with the advent of effective modern 
cryoprotectants such as ethylene glycol, dimethyl sulfoxide 
(DMSO) and propanediol and new sophisticated automated 

cryopreservation machines, more encouraging results have 
been obtained in human. In order to determine the optimum 
way of freezing human ovarian tissue, several points need to 
be considered:

•	 Patient age is one of the most important factors determin-
ing the success of ovarian freezing and transplantation 
procedure. More than 60% of primordial follicles are lost 
after transplantation during ischemic period until revascu-
larization is established according to animal autograft 
[35] and human xenograft studies [11]. An additional 7% 
appear to be lost during freezing and thawing. Since there 
is an age-related decline in primordial follicle counts [36], 
women older than 40 tend to have low follicle density; 
therefore, they may not be good candidates for the proce-
dure. The losses are tolerated better in younger patients 
with higher ovarian reserve.

•	 Size of the cortical pieces is another important factor. 
Even though we still don’t know the optimum size of the 
pieces for freezing and grafting, long term survival and 
follicle growth are achieved in 0.5 × 0.5–1 cm pieces. 
Excessive tissue slicing may damage the primordial fol-
licle reserve in the tissue and, small cortical pieces may 
not be manageable for future transplantation. Because of 
these considerations, we have utilized ovarian cortical 
pieces with 0.5 × 1 cm long and 0.1–0.2 cm for 
cryopreservation.

• Cryoprotectant can be DMSO, propanediol or ethylene 
glycol. Glycerol is not as effective for ovarian tissue freez-
ing and therefore should not be used [37]. At the present 
time, slow freezing technique appears to be the most suit-
able technique for ovarian tissue freezing, and vitrifica-
tion has not yet produced reliable results.

47.8  Ovarian Transplantation

Two main approaches have been developed to autotransplant 
ovarian cortical pieces in humans. Orthotopic transplants 
involve grafting these strips near the infundibulopelvic liga-
ment or possibly on a postmenopausal ovary. In the hetero-
topic transplant, tissues can be grafted subcutaneously at 
various locations including forearm and abdominal wall.

We reported the first case of autologous ovarian transplan-
tation with cryopreserved tissue in 2000 [37]. The case was a 
29 year old patient suffering from severe endometriosis and 
underwent orthotopic transplantation in which the grafts were 
sutured to a peritoneal pocket created in the left pelvic ovar-
ian bursa. The grafts were stimulated with gonadotropins and 
ovulation was documented 15 weeks postgrafting. Endocrine 
function continued up to 9 months posttransplantation. 
Likewise, we also reported the first cases of embryo generation 
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and spontaneous pregnancies following subcutaneous 
transplantation of frozen banked tissue in 2004 and 2006, 
respectively [13, 38]. In both cases, the grafts were trans-
planted heterotopically beneath the skin of abdomen. In the 
first case, ovarian tissue was cryopreserved from a 30-year-
old woman with breast cancer before chemotherapy-induced 
menopause, and this tissue was transplanted beneath the skin 
of her abdomen 6 years later. Ovarian function returned in the 
patient 3 months after transplantation, as shown by follicle 
development and oestrogen production. The patient under-
went eight oocyte retrievals percutaneously and 20 oocytes 
were retrieved. Of the eight oocytes suitable for in-vitro fertil-
ization, one fertilized normally and developed into a four-cell 
embryo. The other patient was a Hodgkin lymphoma survivor 
who became menopausal for two and a half years following a 
HSCT. Interestingly, following a heterotopic ovarian trans-
plantation, the patient spontaneously conceived within 4 
months of transplantation, concurrently with follicular activ-
ity in the ovarian transplant under her abdominal skin. She 
eventually delivered a healthy girl who is now 2 years old. 
This case clearly illustrates that spontaneous pregnancies can 
occur even in those who appear to be in menopause for years, 
and even after unilateral oophorectomy for ovarian cryo-
preservation. It also brings up a new research question as to 
whether ovarian transplants could play a role in the recovery 
of the damaged ovary by triggering regeneration of oocytes 
postchemotherapy [13, 39].

Recently, live births following autologous ovarian trans-
plantation to pelvis have been reported. Even though these 
results are encouraging, some argued that it is not possible to 
confirm if the patients have ovulated from their preexisting 
ovaries or from the transplanted tissues [40–42].

Overall, the experience with ovarian cryopreservation is 
still limited, the utilization rate of banked tissue is very low 
because the procedure itself is a relatively new technology 
and the patients are young and some are still undergoing can-
cer treatment and/or surveillance [43].

47.9  Embryo Cryopreservation

For patients with partners and sufficient amount of time 
before cancer treatment, in vitro fertilization (IVF) with 
embryo cryopreservation is the most established fertility 
preservation technique. It is not technically challenging and 
has been used for nearly two decades to store the unused 
embryos from IVF and embryo transfer cycles.

Low-temperature storage methods of embryos at the 
pronuclear, early cleavage stage, and more recently at 
the blastocyst stage, have been successfully established 
[44]. It is not within the scope of this chapter to review 
literature and provide detailed technical information on 

embryo freezing; rather, we mainly focus on the ovarian 
stimulation protocol with aromatase inhibitors recently 
developed by us for IVF and embryo or oocyte freezing 
as a means of fertility preservation in breast cancer 
patients.

An IVF cycle typically takes approximately 2 weeks to 
complete, and this time period may not be available to most 
cancer patients except breast cancer patients who have a  
6 week period between surgery and initiation of adjuvant 
therapies. However, standard ovarian stimulation protocols 
are contraindicated in patients with breast cancer because 
of high estrogen levels. Since most of these tumors are 
estrogen sensitive, supraphysiologic estrogen levels (typi-
cally greater than 1,000 pg/mL compared to peak levels of 
200–350 pg/mL in natural cycles) attained with gonadotro-
pin stimulation during ovarian stimulation, in general, is 
not considered safe in women with breast cancer. We 
recently developed an ovarian stimulation protocol using 
aromatase inhibitors in combination with FSH for the pur-
pose of preserving fertility via embryo or oocyte cryo-
preservation in breast cancer patients [45, 46]. Letrozole 
appears to be the best aromatase inhibitor drug for this 
purpose as it has a proven efficacy in the prevention of 
breast cancer recurrence and because, coincidentally, has 
ovulation-inducing properties [47]. When combined with 
gonadotropins letrozole cycles results in similar oocyte and 
embryo yield as IrF cycles [45].

47.10  Oocyte Freezing

Cryopreservation of oocyte is an emerging option suitable for 
young adolescents, women without partners, or women who 
do not wish to have their oocytes fertilized by sperm from a 
partner or anonymous donor. Since the first report of a live 
birth after successful oocyte cryopreservation in human in 
1986 [49], several additional pregnancies and deliveries using 
a slow freeze, rapid thaw technique were reported [50, 51]. 
Unfortunately, it is still associated with lower pregnancy rates 
in contrast to more encouraging results with IVF and embryo 
freezing due to some technical challenges encountered during 
the freeze – thaw process and the in vitro maturation of imma-
ture oocytes. Mature oocytes are arrested at metaphase II and 
therefore more prone to cryodamage because the spindle appa-
ratus is fully extended at metaphase II and prone to disassem-
bly at lower temperature, with subsequent chromosome 
dispersion and aneuploidy [52, 53]. Large size, high water 
content, and relatively impermeable zona layer are other fea-
tures of oocytes that also make them more vulnerable to ice 
crystal formation, rupture, and limited penetration of cryopro-
tectant solutions. We recently conducted meta-analysis to 
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determine the efficiency of oocyte cryopreservation relative to 
IVF with unfrozen oocytes [54]. The success rates of IVF with 
slow-frozen oocytes are significantly lower when compared 
with the case of IVF with unfrozen oocytes. Although oocyte 
cryopreservation with the SF method appears to be justified 
for preserving fertility when a medical indication exists, its 
value for elective applications remains to be determined. 
Pregnancy rates with VF appear to have improved, but further 
studies will be needed to determine the efficiency and safety of 
this technique.

47.11  Ovarian Transposition (Oophoropexy) 
and Other Options

Administration of spinal radiation for the treatment of acute 
lymphoblastic leukemia and brain tumors appears to result in 
clinically significant ovarian damage in some young females 
[55]. Girls treated with whole abdominal and/or pelvic irradia-
tion for Hodgkin disease, Wilms tumor, or other solid tumors 
(e.g., rhabdomyosarcoma, neuroblastoma) are at high risk of 
acute ovarian failure [56, 57]. Ovarian transposition performed 
prior to radiotherapy may rescue some ovarian function in the 
majority of young girls and adolescent females [58, 59]. If the 
patient is to undergo an abdominal surgery, ovaries can be 
transposed simultaneously, or if she is to be treated nonsurgi-
cally, laparoscopic transposition can be performed before the 
scheduled radiotherapy. The success with fertility preservation 
by ovarian transposition prior to radiotherapy varies between 
16 and 90% [5]. This likelihood of success is affected by the 
degree of scatter radiation, vascular compromise, the age of 
the patient, dose of radiation, whether the ovaries were 
shielded, whether concomitant chemotherapy is used, and 
whether vaginal brachytherapy or pelvic external beam irra-
diation plus brachytherapy were used. In addition, this surgi-
cal procedure is not without complications; Fallopian tube 
infarction, chronic ovarian pain, ovarian cyst formation, and 
migration of ovaries back to their original position before 
radiotherapy have been reported, some of which may require 
additional gynaecological surgeries [60]. When ovaries are 
transposed to an abdominal position, spontaneous pregnancy 
may not be possible unless a second procedure is performed to 
relocate ovaries back to pelvis. In addition, should these 
patients need IVF in the future, oocyte retrieval may become 
technically more challenging. Therefore, candidates for ovar-
ian transposition should be selected carefully, accounting for 
all the variables that may affect its success rates. It should also 
be borne in mind that, when gonadotoxic chemotherapy is 
used along with radiation, there is no strong rationale to per-
form this procedure.

Another option to decrease the dose of scattered radiation 
to the ovaries is intensity modulated radiotherapy (IMRT). 

IMRT is a new conformal radiotherapy that delivers radia-
tion to tumor more precisely while sparing the surrounding 
tissues. Its ability of simultaneously creating multiple targets 
and multiple avoidance structures may guide oncologist to 
reduce the scattered dose to the ovary [61].

It has been hypothesized, largely based on the debated 
role of gonadal suppression in men in preserving testicular 
function against chemotherapy, and partially the misbelief 
that prepubertal girls are not affected by gonadotoxic cancer 
treatment, that ovarian suppression can be protective. Even 
though there are some animal studies with conflicting results 
of the protective effect of GnRH agonists against chemother-
apy and radiotherapy [62, 63] and some anecdotal clinical 
trials done with a few patients with short term follow-ups 
and historical controls [64], there is neither a reliable clinical 
study nor molecular evidence showing that GnRH agonists pro-
tect the human ovaries from chemo and radiation [12, 65, 66].

Sphingosine-1-phosphate (S1P), a metabolite in ceramide 
signaling pathway has been shown to provide protection in 
mouse ovaries against chemotherapy and radiation. While 
we still do not know if this drug protects the germ cells in 
human ovaries from chemotherapy and radiation, there is 
one recent study that showed that S1P may decrease germ 
cell apoptosis in-vitro in human ovaries when cultured with-
out serum [67].

47.12  Conclusion: Evidence-Based 
Guidelines

As a recently emerging field, fertility preservation is still 
investigational. When chosing a fertility preservation tech-
nique, details such as patient’s age, type of treatment, diag-
nosis, whether she has a partner, the time available and the 
potential that cancer has metastasized to her ovaries have to 
be taken into account. Appropriate counseling and good 
communication with the oncologist is also vital to facilitate 
and perform the fertility preservation procedures safely and 
without delay.

Ovarian tissue freezing should be considered for prepu-
bertal children and adult women patients who do not have a 
partner or time to undergo ovarian stimulation for oocyte or 
embryo cryopreservation.

Oocyte cryopreservation is an emerging option for young 
adolescents, women without partners, or women who do not 
wish to have their oocytes fertilized by sperm from a partner 
or anonymous donor.

IVF and embryo cryopreservation is the most established 
fertility preservation technique if the patient has a partner and 
sufficient amount of time before cancer treatment. Recently, 
aromatase inhibitors have been introduced for ovarian stimu-
lation in breast cancer patients. While large-scale and long 
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term prospective randomized studies are needed to validate 
the safety of this form of ovarian stimulation protocols in 
breast cancer patients, with 5-year follow-up [48], letrozole 
appears to be a safe alternative to conventional ovarian stimu-
lation protocols, which are contraindicated because of endog-
enous estradiol rising to the levels several times higher than 
natural cycles.
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Abstract Ovarian hyperstimulation syndrome is a relevant 
and increasingly common complication of modern IVF ther-
apy. The complications associated with ovarian hyperstimu-
lation syndrome are serious and potentially life threatening. 
This chapter highlights the risk factors and appropriate 
methods to eliminate risk, along with current strategies of 
treating ovarian hyperstimulation syndrome.

Keywords Ovarian hyperstimulation syndrome • Polycystic 
ovary syndrome • hCG • GnRH agonist • Albumin • Dopamine 
agonist • Thromboprophylaxis • Pregnancy termination

48.1  Introduction

Ovarian hyperstimulation syndrome (OHSS) is a potential iat-
rogenic complication of ovarian stimulation in the treatment of 
infertility. This entity is increasingly being recognized due to 
the high number of women undergoing assisted reproductive 
techniques. The syndrome is typically associated with exoge-
nous gonadotropins, but has also been associated with clomi-
phene-induced cycles as well as spontaneous pregnancies.

OHSS is a potentially lethal disease with hallmarks of 
extravascular exudate accumulation combined with profound 
intravascular depletion and hemoconcentration. These 
changes accompany ovarian enlargement, exaggerated ovar-
ian steroidogenesis, and the potential for multiorgan failure, 
including renal, hepatic, and respiratory dysfunction.

48.2  Risk Factors

One of the most important factors in safeguarding against 
OHSS development is identifying the population at risk. Risk 
factors that are associated with OHSS development include:

 1. Age: A younger age is associated with development  
of OHSS.

 2. Polycystic Ovary Syndrome (PCOS): It is well established 
that OHSS develops more frequently in PCOS patients 
undergoing ovarian stimulation. In addition, there is a 
higher incidence of OHSS in women with an ultrasono-
graphic phenotype of PCOS.

 3. Parameters specific to infertility treatments: Exogenous 
hCG is pivotal in the development of OHSS. The use of 
GnRH-agonists rather than GnRH-antagonists has been 
associated with an increased incidence of OHSS.

 4. Risk of OHSS also increases with elevated serum estra-
diol levels, large number of developing follicles or a large 
number of oocytes obtained at retrieval.

 5. Pregnancy prolongs and increases the severity of the 
disease.

48.3  Classification

OHSS has been traditionally classified into three categories 
of mild, moderate, and severe. Mild OHSS is characterized 
by ovarian enlargement and chemical hyperstimulation, 
occurring in up to 1/3 of superovulation cycles. In addition to 
the clinical characteristics of mild OHSS, moderate OHSS 
features abdominal distention, bloating, nausea, vomiting, 
and/or diarrhea. Severe OHSS, which occurs in 0.1–2.0% of 
patients, comprises massive (>12 cm) ovarian enlargement, 
as well as ascites, hydrothorax, or pericardial effusion. 
Anasarca, renal dysfunction and hemoconcentration will also 
upgrade moderate to severe OHSS. In 1992, life-threatening 
OHSS was added to the classification having criteria of adult 
respiratory distress syndrome (ARDS), tense ascites, 
hydrothorax, pericardial effusion, oliguria, creatinine less 
than 1.6 mg/dL, creatinine clearance less than 50 mL/min, 
severe hemoconcentration (>55%), profound leucocytosis 
(WBC ³ 25,000) and thromboembolic phenomena.

OHSS has also been classified by the time of onset. Early 
onset OHSS occurs 3–7 days after the administration of 
hCG. In contrast, late-onset OHSS is believed to be related to 
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pregnancy-related hCG and occurs more than a week after 
the initial hCG administration.

48.4  Prevention of OHSS

Cycle cancelation and withholding of hCG administration 
whenever a high risk situation arises represent a well-estab-
lished and occasionally unavoidable method of preventing 
OHSS. Other strategies for the prevention of OHSS in high 
risk situations include:

 1. Lower dose of hCG: The traditional dose of ovulatory 
hCG is 10,000 IU. Lowering the dose (5,000 IU) may 
reduce the risk. 2,500 IU of hCG has also been used with-
out compromising pregnancy rates.

 2. Coasting: Withholding gonadotropins while maintaining 
GnRH analog until serum estradiol levels return to a safe 
level has been used successfully to diminish OHSS devel-
opment. What constitutes an optimal strategy (number of 
days of coasting, level of estradiol to start, etc.) still needs 
further study.

 3. LH for triggering: Recombinant LH may offer a replace-
ment for hCG. The European rLH study group revealed 
that a dose of 15,000–30,000 IU of rLH resulted in a simi-
lar number of oocytes, embryos and pregnancies, as well 
as a reduction of OHSS when compared with 5,000 IU 
hCG.

 4. GnRH agonist triggering: GnRH agonist administration 
can stimulate the release of LH. However, the clinical 
pregnancy rate appears to be lower than with the use of 
hCG. Recent evidence points to no reduction of pregnancy 
rates and a reduction in the development of OHSS.

 5. Cryopreservation of embryos: Elective cryopreserva-
tion of all embryos for the postponement of transfer can 
decrease the risk of late OHSS from pregnancy. 
However, a Cochrane review did not draw sufficient 
evidence for the routine use of cryopreservation to  
prevent OHSS.

 6. Albumin administration: Despite a Cochrane review 
showing a possible benefit of albumin, recent studies have 
revealed that human albumin administration at the time of 
hCG administration does not appear to prevent OHSS 
development.

 7. Dopamine agonist: Dopamine agonists have been found 
to inactivate VEGF receptor-2 and prevent VEGF induced 
vascular permeability. Dopamine agonists have been used 
successfully in the prevention of OHSS. Further studies 
with larger numbers of patients are needed before dop-
amine agonists become routine prophylactic treatment for 
the prevention of OHSS.

48.5  Treatment

There is no specific treatment for OHSS. The therapy is 
mainly supportive until this mostly self-limited condition 
resolves.

48.5.1  Outpatient Management

Mild to moderate OHSS is initially treated with daily moni-
toring of weight and urine output, oral intake of electrolyte-
supplemented drinks (sport drinks), and serial follow-up of 
hematocrit concentration, electrolytes and creatinine. Close 
observation is necessary since moderate OHSS may progress 
rapidly to the severe form.

48.5.2  In Patient Management

In severe and life-threatening forms of OHSS, hospital admis-
sion is warranted. The assessment of hemodynamic and respi-
ratory status is the first step in the management of these patients. 
After a full physical examination with careful attention to look 
for deep venous thrombosis is performed, intravenous access 
needs to be established. Either peripheral intravenous catheters 
or central venous catheter must be placed. An advantage of 
central venous catheter placement is the possible measure-
ments of the central venous pressure, especially helpful in the 
management of fluids. In addition, a urinary catheter may be 
helpful in monitoring of urinary output.

All patients will require blood tests to measure white 
blood count, hemoglobin concentration, hematocrit, serum 
electrolytes and liver enzymes. Additional tests may include 
creatinine clearance, prothrombin time and partial thrombo-
plastin time, oxygen saturation and blood gasses. Imaging 
tests will include pelvic and abdominal ultrasounds, chest 
X-ray, and possible tests for ruling out pulmonary embolism. 
Many recommend the use of thromboprophylactic agents in 
severe OHSS.

The goals of medical treatment for OHSS are to maintain 
circulatory function and to mobilize the intra-abdominal 
fluid. Normal saline is the crystalloid of choice and potas-
sium containing fluids should be avoided. Albumin can be 
given as a volume expander in cases with significant hypov-
olemia, hemoconcentration, hypoalbuminemia or severe 
ascites. Diuretics may be used to assess renal function, but 
premature or overzealous use may aggravate hypovolemia 
or hemoconcentration. Other volume expanders that have 
been in use include dextran and fresh frozen plasma, 
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although the use of dextran in OHSS has been associated 
with the development of OHSS.

The usual treatment of hydrothorax in OHSS is observa-
tion, but in the progression of respiratory symptoms, thora-
centesis may be performed. If ARDS develops, mechanical 
ventilation is required as well as lung-protective strategies. 
Steroid-pulse treatment has been utilized in life threatening 
OHSS with ARDS.

Ultra-sound guided (trans-abdominal or trans-vaginal) par-
acentesis may produce a dramatic improvement in renal func-
tion. The markedly increase size in ovarian size may make 
paracentesis difficult to perform. In severe cases of ascites, 
drainage of fluid two to three times a week may be required.  
A percutaneous placement of a pigtail catheter may be an 
attractive alternative to multiple paracentesis in this group.

Surgical intervention may be necessary in the presence of 
adnexal torsion, ovarian cyst rupture or ovarian cyst hemor-
rhage. In the case of torsion, early diagnosis and prompt sur-
gical intervention is critical for a successful outcome in 
salvaging the involved ovary. In rare circumstances in which 
OHSS increases in severity despite all interventions, preg-
nancy termination should be considered.

48.6  Treatment/Evaluation Algorithm

Prevention

Identification of risk factors
Cycle cancelation/withhold hCG
Lower dose of hCG
Coasting
Cryopreservation of embryos
Possible future preventive measures:
 Dopamine agonist
 GnRH agonist trigger
 Recombinant LH trigger

Evaluation

CBC
Serum electrolytes
BUN/Creatinine, creatinine clearance
Albumin
ALT, AST, alkaline phosphatase
PT, PTT, D-dimer
Ultrasound
Possible chest radiograph and/or abdominal CT

Treatment

Crystalloid
Volume expanders
Paracentesis
Possible surgical intervention
Therapeutic abortion
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Abstract The use of assisted reproductive technologies 
(ART) is increasing worldwide. Though most ART preg-
nancies are uncomplicated and result in the birth of healthy 
children, it should be noted that some ART pregnancies are 
at higher risk for adverse maternal and perinatal outcomes 
as compared to spontaneously conceived pregnancies. For 
many of these outcomes, it is not clear whether and to what 
extent observed complications are related to ART proce-
dures themselves vs. the underlying condition(s) impairing 
fertility. Additional research is needed, keeping in mind 
specific methodological challenges.

It is abundantly clear, however, that complications arising 
from multiple gestations conceived with ART are the major 
contributor to the adverse outcomes seen among ART moth-
ers and children. Continued emphasis on reducing morbidity 
and mortality by reducing the number of embryos trans-
ferred per cycle while maintaining reasonable pregnancy 
rates is imperative.

Recent data indicate that even singleton ART pregnancies 
are at higher risk of perinatal and possibly longer-term child 
health and developmental problems than naturally conceived 
singleton pregnancies. Couples seeking infertility treatment 
and ART should be carefully counseled about these risks.

Keywords Assisted reproductive technologies • Infertility  
• Adverse pregnancy outcomes • Multiple pregnancy  
• Congenital malformations • Perinatal morbidity

49.1  Introduction

Since the first delivery of an infant conceived by assisted 
reproductive technologies (ART) roughly 30 years ago, there 
has been continued growth in the use of these procedures to 

overcome infertility. In 2004, a total of 49,458 infants 
conceived with ART were live-born in the United States, 
accounting for 1% of all births [1], and these numbers appear 
to be steadily increasing. Currently, ART conceptions 
account for 2–3% of all births in several European countries 
[2]. While ART has made parenthood possible for thousands 
of infertile couples, these pregnancies may be at increased 
risk for adverse outcomes when compared to their spontane-
ously conceived counterparts. The goal of ART should be the 
birth of healthy babies rather than an increase in pregnancy 
rates alone. The increased incidence of multiple gestations 
among pregnancies conceived with ART is a well-known 
contributor to the increased risk of complicated pregnancies 
and adverse perinatal outcomes. However, evidence suggests 
that ART singletons also experience increased adverse 
outcomes.

49.2  Competing Risks

49.2.1  Multifetal Gestation

In the United States, more than 50% of infants born through 
ART in 2004 were multiple births; this contrasts with a 3% 
rate of multiple births in the general population [1]. The 
twin rate is approximately 15-fold higher among ART preg-
nancies than the baseline U.S. rate; for triplets and higher-
order births, the rate is about 42-fold higher [1]. The 
increased rate of multiple gestation among ART concep-
tions is related both to the practice of transferring multiple 
embryos into the uterus to enhance pregnancy rates, and to 
an increased rate of embryo splitting associated with these 
procedures.

Multiple gestations are associated with increased risks to 
the mother and fetus, for example, from preeclampsia, cesar-
ean delivery, preterm birth, low birthweight, sudden infant 
death syndrome, and cerebral palsy [3–10] (see Box 49.1). 
This risk of preterm delivery and resultant morbidity and 
mortality is especially pronounced among higher-order 
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multiples, with 45% of triplet pregnancies delivering before 
32 weeks gestation [11]. However, the greater proportion of 
multiples among ART pregnancies are twins, and these 
account for the majority of perinatal morbidity and mortality 
associated with ART. Twins conceived via in-vitro fertiliza-
tion (IVF) have an average gestational age at delivery  
3 weeks earlier, and birthweight 800–1,000 g less than IVF 
singletons [12]. In a study of more than 8,600 ART births in 
the Danish National Birth Cohort, Pinborg and colleagues 
reported a tenfold increase in delivery before 37 weeks and a 
sevenfold increase in delivery before 32 completed weeks 
among ART twins compared with similarly conceived sin-
gletons. Stillbirth was twice as common among twins result-
ing from IVF with or without intracytoplasmic sperm 
injection (ICSI) than in singletons (13.1/1000 vs. 6.6/1000, 
p = 0.002) [13].

49.2.1.1  Influence of Zygosity and Chorionicity

Additionally, ART has been associated with an increased 
risk of embryonic splitting leading to monozygotic, mono-
chorionic twin gestation (1.5–4.5% of pregnancies in 
which zygosity was determined) compared to 0.45% 
among spontaneously conceived gestations [14–18]. The 
increased risk of perinatal morbidity and mortality among 
monozygotic and monochorionic twin pregnancies is well-
documented [18, 19]. Of particular concern is the risk of 
twin-to-twin transfusion syndrome, which complicates 
approximately 10–15% of monochorionic twin pregnan-
cies and is associated with discordant fetal growth, in utero 
fetal death, and central nervous system injury in surviving 
infants [20].

49.2.1.2  ART vs. Spontaneous Twins

While IVF twins have poorer outcomes than similarly con-
ceived singletons, their rates of prematurity, low birthweight, 
perinatal mortality, congenital anomalies, and neurodevelop-
mental abnormalities are the same as seen in spontaneously 
conceived twins in most [21–25], but not all [26, 27], studies. 
A recent systematic review found a slightly increased risk of 
very preterm delivery among assisted conception compared 
to spontaneous twins (RR 1.07, 95% CI 1.02–1.13), but a 
40% decrease in perinatal mortality [21].

49.2.1.3  Triplet and Higher-Order Pregnancy

Adverse pregnancy and long-term outcomes are substantially 
more common among triplet and higher-order pregnancies 

than among twins. While the average gestational age at delivery 
for dichorionic twins is 36.7 weeks, and for monochorionic/
diamnionic twins is 35.6 weeks [28], triplets are delivered at 
32.2 weeks, and quadruplets at 29.9 weeks, on average [29, 
30]. Prematurity is a major risk factor for long-term handicap 
in surviving children. Twenty percent of triplet and 50% of 
quadruplet pregnancies result in at least one child with a 
major disability; cerebral palsy is 17 times more common 
among triplets than singletons [31]. Along with prematurity, 
an increased risk of intrauterine growth restriction among 
higher order multiples may underlie some of these poor out-
comes [31, 32].

49.2.1.4  Spontaneous Reduction

Fetal number may be reduced by spontaneous death of 
one or more embryos or fetuses in a multiple pregnancy. 
In one study of 1,597 IVF/ICSI pregnancies, 12% of clini-
cally documented twin pregnancies ended with delivery 
of a singleton [33]. These so-called “vanishing twin” 
pregnancies may be associated with increased perinatal 
risks for the surviving co-twin. Pinborg and associates 
[34] compared outcomes between 642 ART singletons 
who had survived the intrauterine demise of a co-twin and 
5,237 ART singletons without vanish. When loss of the 
co-twin occurred before 22 weeks, the surviving fetus had 
higher risk of low birthweight <2,500 g (adjusted OR 1.7, 
95% CI 1.2–2.2), very low birthweight <1,500 g (aOR 
2.1, 95% CI 1.3–3.6), and very preterm birth <32 weeks 
(aOR 2.3, 95% CI 1.4–4.0). There were no significant 
increased risks of these outcomes in the subset with losses 
occurring before 8 weeks gestation, suggesting that obstet-
ric risk increases the later in pregnancy the spontaneous 
reduction occurs.

49.2.1.5  Reducing Multiples

A number of strategies have been developed to minimize the 
risk of adverse outcomes arising from multifetal gestations 
in ART pregnancies.

 Multifetal Pregnancy Reduction

Over the last decades, multifetal pregnancy reduction in 
which one or more fetuses are terminated (MFPR) has been 
employed as a means to reduce the perinatal and maternal 
risks of high-order (i.e., triplet or greater) pregnancies aris-
ing from ART. Patients with more than twins are faced with 
the options of continuing the pregnancy with all risks previ-
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ously described, terminating the entire pregnancy, or reducing 
the number of fetuses in an effort to decrease the risk of 
maternal and perinatal morbidity and mortality. Multifetal 
pregnancy reduction (MFPR) decreases risks associated with 
preterm delivery, but often creates profound ethical dilem-
mas. Pregnancy loss is the main risk of MFPR. However, 
current data suggest that such complications have decreased 
as experience with the procedure has grown. The incremen-
tal risk of loss of the entire pregnancy secondary to MFPR is 
approximately 1% [35].

In general, the risk of loss after MFPR increases if the 
number of fetuses at the beginning of the procedure is more 
than three. While there is little difference between the loss 
rates observed when the final number of viable fetuses is two 
or one, the loss rate is higher in pregnancies reduced to trip-
lets. Pregnancies that are reduced to twins appear to do as 
well as spontaneously conceived twin gestations, although 
there is an increased risk of fetal growth restriction in reduced 
multifetal pregnancies [36]. In a recent retrospective study of 
389 twin ART pregnancies and 353 high-order ART preg-
nancies reduced to twins, Cheang and colleagues [37] dem-
onstrated small, but significant decreases in gestational age 
and birthweight among reduced twins (35.2 vs. 35.8 weeks, 
and 2,137 vs. 2,305 g, respectively), though the rate of infant 
mortality was unchanged.

The perinatal benefit of MFPR compared to continuation 
of triplet and higher-order gestations can be documented 
because reduction prolongs the length of gestation of the sur-
viving fetuses. This has been demonstrated for triplets, which 
have a 30–35% risk of birth under 32 weeks compared to 
twins which is 7–10%.

 Reduced/Single Embryo Transfer

Complications of multifetal gestation can be avoided 
without the potential risks of selective fetal reduction by 
limiting the number of embryos transferred to the uterus 
during ART. Recently [38], the American Society for 
Reproductive Medicine (ASRM) and the Society of 
Assisted Reproductive Technology (SART) have issued 
guidelines for the number of embryos to be transferred 
during a single cycle of infertility treatment. As demon-
strated in several Northern European Centers, elective 
single embryo transfer (SET) can reduce the rate of mul-
tiple pregnancies while maintaining acceptable pregnancy 
rates in appropriately selected patients [39]. Good-
prognosis candidates for SET include women under age 
35 who are undergoing their first cycle of IVF, and who 
have embryos of high morphologic quality in sufficient 
numbers to warrant cryopreservation of excess embryos 
[38]. Results of a randomized trial indicate that in women 

under age 36 with at least two high-quality embryos,  transfer 
of a single fresh embryo – followed by transfer of a  single 
thawed embryo in a subsequent cycle if necessary – 
resulted in similar live birth rates (38.8% vs. 42.9%), but a 
significant reduction in multiple gestation rates (0.8% vs. 
33.1%, p < 0.001) compared to the initial transfer of two 
fresh embryos [40].

Practice trends are changing. The proportion of IVF 
cycles in which three or more fresh embryos were trans-
ferred declined significantly in the United States between 
1996 and 2002 (92 to 54%, p < 0.001); however, the propor-
tion of SET cycles remained small (2.5% in 2002) [41]. 
SET is more common in Europe, reaching 15.7% in 2003 
[2]. In Belgium, where recent legislation restricts the num-
ber of embryos transferred, the rate of SET increased from 
14 to 49% while the rate of twin gestations decreased from 
19 to 3% [42].

49.2.2  Underlying Infertility

Another important factor to consider when assessing perina-
tal risks in ART pregnancies is the extent to which observed 
complications are due to the condition underlying the cou-
ple’s infertility vs. the ART procedures themselves. Live 
birth rates from ART vary by diagnosis, so it is natural to 
assume that pregnancy outcomes may vary by cause of infer-
tility. Often infertility is attributed to multiple etiologies or 
the etiology is classified as unknown (Fig. 49.1). This problem 
is further compounded by the lack of standardized definitions 
for the various etiologies and lack of a hierarchy to prioritize 
these etiologies.

A number of studies have shown increased risks of 
adverse outcomes among patients with subfertility or pro-
longed time to pregnancy [43–46]. Thomson and colleagues 
[46] reported increased risks of preeclampsia, placenta pre-
via, placental abruption, and cesarean delivery among 1,437 
subfertile women who delivered singleton infants after  
taking >1 year to conceive, compared to the general popu-
lation (n = 21,688), noting that there were no differences in 
adverse outcomes between subfertile women who had and 
had not received treatment. In a study conducted within the 
Danish National Birth Cohort [43], women who conceived 
spontaneously after >1 year of attempting pregnancy had 
higher risk of preterm birth (adjusted OR 1.36 95% CI 
1.08–1.71). Women who report a history of delayed con-
ception prior to achieving pregnancy experience a roughly 
threefold increase in perinatal mortality, whether the index 
pregnancy arose from infertility treatment (adjusted OR 
2.7, 95% CI 1.5 4.7) or not (adjusted OR 3.3, 95% CI 1.6 
6.8) [47].
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 Box 49.1 Complications Associated with 
Multifetal Pregnancy

Fetus and Infant
Abortion
Perinatal mortality
Low birthweight

Preterm birth• 
Fetal growth restriction• 

Abnormal presentation
Placental vascular anastomoses
Hydramnios
Cord accidents

Prolapse• 
Vasa previa• 
Cord entanglement• 

Congenital malformations
Cerebral palsy
Infant death

Maternal
Pregnancy induced hypertension/preeclampsia
Gestational diabetes
Anemia
Hyperemesis gravidarum
Placental abruption
Placenta previa
Postpartum hemorrhage
Cesarean delivery
Excess weight gain

49.3  Pregnancy Outcomes

49.3.1  Pregnancy Loss

Clinically recognized spontaneous pregnancy loss is not 
uncommon among naturally conceived pregnancies, occurring 
in 10–15% [48]. Care must be taken when evaluating abortion 
risk in ART pregnancies for a number of reasons. Pregnancies 
conceived with ART are under early and intense surveillance, 
so more early losses are ascertained. Additionally, couples 
undergoing ART are more likely to have conditions that pre-
dispose to pregnancy loss, such as higher maternal age, uterine 
abnormalities, or chromosomal aberrations. There are con-
flicting data as to whether spontaneous abortion is increased 
among ART pregnancies. A large study using US population-
based data adjusted for maternal age and plurality showed no 
increase in spontaneous abortion in ART conceptions com-
pared to baseline rates [49]. In another study, however, Wang 
and colleagues [50] compared 1,945 pregnancies conceived 
via ART with a historical prospective cohort of naturally con-
ceived pregnancies diagnosed with urine hCG at 4 to 5 weeks 
of gestation (N = 549). The spontaneous loss rate among ART 
pregnancies was 21% vs. 16% in the naturally conceived preg-
nancies (crude RR 1.33; 95% CI 1.08–1.65). Overall risk of 
spontaneous abortion was significantly higher in both the first 
and second trimesters (16.5% vs. 14.0%, p < 0.05 and 4.5% vs. 
2.0%, p < 0.05, respectively). After adjusting for maternal age 
and history of previous spontaneous abortion, the relative risk 
was reduced to 1.20 (95% CI 1.03–1.46). The authors noted 
that among ART pregnancies, age ³40 and history of three or 
more previous losses were independent predictors of sponta-
neous abortion [50]. Farr and colleagues analyzed 148,494 
ART pregnancies from 1999 to 2002, including biochemical 
pregnancies, and documented a 29% overall risk of pregnancy 
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loss. Women over age 42 had nearly three times the risk of 
pregnancy loss as women aged less than 33 years. At a gesta-
tional age of 6 weeks, women <33 years had a 10.2% condi-
tional probability of subsequent pregnancy loss, while women 
>42 years had a 44.7% probability [51]. By 20 weeks gesta-
tion, the probability of later pregnancy loss among all ages 
was less than 2.0%. Pregnancy loss rates were higher for sin-
gleton compared to multiple gestations, and for thawed 
embryos compared to fresh [51].

49.3.2  Maternal Disease

Maternal complications of pregnancy are increased among 
women who conceive with ART. A recent meta-analysis of 
15 studies controlled for maternal age and parity demon-
strated that singleton IVF pregnancies are at significantly 
higher risk of preeclampsia (OR 1.55, 95% CI 1.23 1.95) and 
gestational diabetes (OR 2.00, 95% CI 1.36 2.99) [52]. It is 
likely that some portion of these increased risks is related to 
other maternal conditions and the underlying infertility [53]. 
The risks of preeclampsia and gestational diabetes increase 
with body mass index among obese and morbidly obese 
women with IVF pregnancies [54].

Women with assisted conceptions are at higher risk for 
cesarean delivery [21], both elective and emergent [52]. 
Using a prospectively collected database of 36,000 preg-
nancies, Shevell, et al. [55] found a 2.4-fold increased 
risk of placental abruption and a 6.0-fold increased risk 
of placenta previa among IVF singletons compared to 
controls.

49.3.3  Singleton Gestations

Although the majority of singleton pregnancies arising 
from ART are uncomplicated, recent meta-analyses have 
indicated increased risk of adverse perinatal outcomes in 
ART singletons compared to spontaneously conceived sin-
gletons (Table 49.1). A 2004 meta-analysis of 15 studies 
[52], which compared 12,283 in vitro fertilization (IVF) 
singleton pregnancies to 1.9 million spontaneous single-
tons, found increased odds of perinatal mortality (OR 2.2), 
preterm birth (OR 2.0), low and very low birthweight (ORs 
1.8 and 2.7, respectively), and small for gestational age 
infants (OR 1.6). These findings were very similar to those 
reported in a systematic review by Helmerhorst and col-
leagues [21], who analyzed 25 controlled studies of assisted 
reproduction pregnancies and natural conceptions. Among 
assisted conceptions, there was an increased risk of very 
preterm delivery <32 weeks (OR 3.3), perinatal mortality 

(OR 1.7), cesarean delivery (OR 1.5), and small for gesta-
tional age (OR 1.4). Higher perinatal mortality in ART 
pregnancies results from the combined increased risks of 
neonatal death (most often related to prematurity) and 
antepartum fetal death [21, 52]. Farr et al. reported a con-
ditional probability of pregnancy loss at 40 weeks gesta-
tion of 0.16% among ART conceptions [51]; the 
corresponding probability in a general obstetric population 
is 0.05–0.08% [56].

At this time, it is difficult to determine whether and how 
much ART procedures contribute to these increased risks. An 
important question is whether adverse outcomes are attribut-
able to the cause of underlying infertility. A number of studies 
have shown that the risk of preterm birth, low birthweight, and 
small for gestational age infants is positively correlated with 
the time-to-pregnancy interval [44, 53, 57, 58]. Furthermore, 
women who receive ART treatment are older than those who 
conceive spontaneously, and increased age is an independent 
risk factor for many adverse outcomes.

Table 49.1 Potential adverse outcomes in singleton IVF pregnancies

Absolute risk (%) 
ART pregnancies OR (95% CI)a

Perinatal risks
Preterm birth [52] 11.5% 2.0 (1.7–2.2)
Low birthweight  

(<2,500 g) [52]
9.5%, 1.8 (1.4–2.2)

Very low birthweight 
(<1,500 g) [52]

2.5% 2.7 (2.3–3.1)

Small for gestational age [52] 14.6% 1.6 (1.3–2.0)
NICU admissions [52] 17.8% 1.6 (1.3–2.0)
Stillbirth [52] 1.2% 2.6 (1.8–3.6)
Neonatal mortality [52] 0.6% 2.0 (1.2–3.4)
Cerebral palsy [22] 0.4% 2.8 (1.3–5.8)

Maternal risks
Preeclampsia [52] 10.3% 1.6 (1.2–2.0)
Placenta previa [52] 2.4% 2.9 (1.5–5.4)
Placental abruption [55] 2.2% 2.4 (1.1–5.2)
Gestational diabetes [52] 6.8% 2.0 (1.4–3.0)
Cesarean delivery [52] 26.7% 2.1 (1.7–2.6)

Genetic risks
Epigenetic/Imprinting 

disorders [95]b

0.03% 17.8 
(1.8–432.9)

Major birth defects [69] 4.3% 1.5 (1.3–1.8)
Chromosomal abnormalities 

(post ICSI) [79]
De-novo sex chromosomal 

aneuploidy
0.6% 3.0

Structural autosomal 
abnormalities

0.4% 5.7

aART singleton vs. spontaneously conceived singleton offspring
bAbsolute risk and OR reported for Beckwith–Wiedemann syndrome
Reprinted with permission from [104]
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49.3.4  Infant and Child Health Outcomes

Neonatal and childhood morbidity may be increased among 
ART-conceived singletons [25]. In a retrospective case–control 
study of 36 infants with grade III–IV intraventricular hemor-
rhage (IVH) and 69 controls matched for gestational age and 
birthweight, IVF conception was significantly associated 
with high-grade IVH (OR: 4.34; 95% CI: 1.42–13.3) [59]. 
Children conceived via ART may have higher utilization of 
health care resources than their spontaneously conceived 
counterparts. In a 5-year follow-up study of 540 ICSI, 437 
IVF, and 538 naturally conceived children, children born 
after ART had significantly higher rates of childhood illness, 
surgical procedures, medical therapies, and hospital admis-
sions [60].

Overall, studies of neurodevelopmental outcomes in chil-
dren conceived with ART are reassuring [61]; however, the 
strength of this evidence is limited by small sample sizes and 
low statistical power, selection bias, inadequate or inappro-
priate comparison groups, and loss to follow-up. A recent 
population-based study with improved methodology, how-
ever, showed an increased risk of cerebral palsy (OR 3.7) and 
developmental delay (OR 4.0) among IVF children com-
pared to controls [22]. Much of this increased risk could be 
attributed to the high proportion of multiple births among the 
IVF group. However, risk persisted in singletons, who dem-
onstrated a 2.8-fold increased risk of cerebral palsy com-
pared to controls [22]. Another recent registry-based study 
noted a significant 1.8-fold increased risk of cerebral palsy 
among singleton IVF children compared to spontaneously 
conceived children [62]. Using the Danish Medical Birth 
Register, Hvidtjorn and colleagues [63] recently demon-
strated a 1.6-fold increased risk of cerebral palsy among IVF 
children, but found that adjustment for multiplicity and ges-
tational age at delivery abolished the difference. The authors 
concluded that the large proportion of preterm births among 
ART twins and singletons poses an increased risk for cere-
bral palsy in these children [63]. Some authors have sug-
gested that the increased risk of cerebral palsy among 
singleton ART births may be related to adverse effects of 
spontaneous reduction of what was originally a multiple con-
ception [34, 64].

49.3.4.1  Congenital Anomalies

A large number of studies have investigated the risk of con-
genital malformations among ART conceptions. As is the 
case with other pregnancy complications, it is difficult to 
determine to what degree, if any, birth defects associated 
with assisted reproduction are related to the ART treatment 
vs. the underlying infertility. Current evidence is limited by 

methodological concerns, including small sample sizes and 
low statistical power, inconsistent ascertainment and defini-
tions of anomalies, incomplete follow-up, and confounding 
by underlying parental factors, such as genetic defects, that 
may contribute to infertility and the incidence of malforma-
tions [64]. As in other studies of ART outcomes, it is particu-
larly difficult to identify appropriate control populations for 
studies of congenital malformations among ART concep-
tions. There are no possible controls for infertile couples 
whose only means to achieve pregnancy are through the use 
of ART. A study design in which ART are used in a control 
group of fertile couples is not ethically justifiable.

Recent population-based studies suggest an increased 
relative risk of birth defects among ART infants compared to 
spontaneously conceived infants, though the absolute risk 
remains small [65, 66]. One meta-analysis of 16 studies 
involving 28,524 IVF infants and 2,520,988 spontaneously 
conceived controls and seven studies involving 7,234 ICSI 
infants and 978,078 controls showed a pooled odds ratio of 
1.29 (95% CI 1.01–1.67) for major malformations [67]. 
Another meta-analysis [68] produced very similar results. 
Similarly, a large study based on the Finnish Registry of 
Congenital Malformations demonstrated an adjusted odds 
ratio for major malformations among IVF children of 1.3 
(95% CI 1.1–1.6) [69]. When results were stratified by plu-
rality and gender, the increase in risk was confined to single-
ton boys; female multiples had a decreased risk of major 
malformations (OR 0.5, 95% CI 0.2–0.9) [69]. Bonduelle 
and colleagues examined 2,889 infants born after ICSI and 
2,995 infants born after IVF and found no difference in over-
all major malformation rates between the two groups [70].

There are few studies of sufficient size on which to base 
conclusions about the risk of specific malformations among 
ART-conceived children. A structural anomaly that has been 
studied often in ART children – particularly those from ICSI 
– is hypospadias [65, 69, 71, 72]. In a Swedish population-
based study of children born after ICSI [71], the odds ratio 
for hypospadias was 3.0 (95% CI 1.09–6.50) compared to 
spontaneously conceived children. Pinborg et al. [13] 
reported a significantly increased risk of hypospadias among 
ICSI children compared to IVF (9.1% vs. 4.0%, p = 0.05), 
but a recent meta-analysis of four studies comparing ICSI to 
IVF children found no such difference [73]. Because the 
numbers of affected children in these studies are small, and 
because of variability in the severity and diagnostic criteria 
for hypospadias, it is difficult to determine from the current 
evidence whether hypospadias is increased among children 
conceived through IVF with or without ICSI.

A number of other studies, subject to similar limitations, 
have reported associations between ART and other genito-
urinary anomalies [68, 69, 72, 74], neural tube defects [65, 
72, 75], gastrointestinal defects [65], musculoskeletal defects 
[68, 72, 76], and cardiovascular defects [68, 76, 77].
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49.3.4.2  Chromosomal and Other Genetic 
Abnormalities

Increased risks of numerical and structural chromosomal 
abnormalities have been reported among conceptions result-
ing from ICSI treatment of male factor infertility [78, 79]. In 
a study of 1,586 ICSI fetuses karyotyped via invasive prena-
tal testing, 3% were abnormal: 10 (0.6%) had de novo sex 
chromosome anomalies, 15 (0.9%) had de novo autosomal 
anomalies, and 22 (1.4%) had inherited anomalies; these 
defects were related to sperm concentration and motility 
[78]. De novo sex chromosomal aneuploidy and structural 
autosomal abnormalities were also observed more frequently 
in live-born ICSI children compared with a general neonatal 
population [79]. Infertile males have higher rates of chromo-
somal abnormalities including microdeletions of the long 
arm of the Y chromosome and translocations [80–83]. 
Interestingly, female partners of couples undergoing ART 
have also been noted to have an increased risk of chromo-
somal abnormalities [84]. Thus, it is not possible, at present, 
to clearly determine to what degree chromosomal anomalies 
among ICSI offspring are related to the treatment itself or to 
the underlying cause of infertility.

49.3.4.3  Disorders of Genetic Imprinting

Animal and in vitro studies demonstrate the potential for 
ART procedures to induce epigenetic effects. Genomic 
imprinting refers to heritable changes in gene function in 
which genes are expressed in a parent-of-origin-specific 
manner. A number of retrospective studies have suggested a 
link between ART and rare imprinting disorders such as 
Angelman Syndrome [85–87], Beckwith–Wiedemann 
Syndrome [88, 89], and Russell–Silver dwarfism [90], though 
two national follow-up studies of 6,052 Danish and 16,280 
Swedish IVF children found rates of imprinting disorders 
similar to those expected in the general population [91].

Angelman syndrome (AS) is a severe developmental disor-
der characterized by profound mental retardation, ataxia, sei-
zures, microcephaly, and characteristic behaviors including 
frequent laughing [92]. A link between AS and ICSI was first 
suggested in 2002, when Cox et al. reported two cases of a rare 
(1/300,000) subtype of AS with an imprinting defect, both of 
whom had been conceived with ICSI [85]. A follow-up report 
described a similar case [86], resulting in concern that the ICSI 
procedure could be involved in abnormal imprinting. Another 
imprinting disorder, Beckwith–Weidemann Syndrome (BWS) 
is an overgrowth condition characterized by gigantism, macro-
glossia, abdominal wall defects, and increased risk of embry-
onic tumors such as Wilms’ tumor [93]. BWS was also linked 
with ART when three register-based studies described a 

higher-than expected prevalence of ART conception among 
children with BWS (RR 3–6) [88, 89, 94].

The imprinting-related incidence of these conditions is so 
uncommon (1 in 100,000 to 1 in 300,000) [90] that even a large 
increase in relative risk associated with ART would translate to 
a small number of affected children. In one case–control study 
of Beckwith–Weidemann syndrome, the odds of having been 
conceived by IVF were nearly 18-fold higher among affected 
children than control children; this translated into one case of 
Beckwith–Weidemann syndrome per 4,000 IVF births [95]. 
The existing evidence should be interpreted with caution, how-
ever, because these studies are small, and are often based on 
genetic disease registries, which are subject to bias. Couples of 
higher socioeconomic status are more likely to undergo ART 
and to participate in disease registries. Again, underlying infer-
tility and its association with genetic or epigenetic disorders 
may be contributing to these observed effects [96, 97].

49.3.4.4  Other Risks

There are limited data examining the risk of early childhood 
cancer in ART offspring; most studies indicate no increased 
risk [98–102]. A recent report from the Netherlands [103], 
however, raises concern that the risk of retinoblastoma may 
be increased in children conceived with IVF. Moll and col-
leagues [103] identified five cases of retinoblastoma in IVF 
children in a 2-year period. Given that the baseline incidence 
of retinoblastoma in the Netherlands is one in 17,000 live 
births, the authors estimated a 4.9- to 7.2-fold increased risk 
of the disease associated with ART. Large prospective studies 
with long-term follow-up are needed to further investigate 
these risks.

49.4  Counseling

It is no longer sufficient to define successful treatment with 
ART as the establishment of pregnancy, or achieving a live 
birth. Rather, emphasis should be placed on the delivery of a 
healthy term or late preterm singleton infant. At a 2005 
National Institute of Child Health and Human Development 
workshop on pregnancy outcomes after ART, expert panel-
ists concluded that counseling for potential ART patients 
should be nondirective, and provided well in advance of any 
invasive procedures, in a relaxed and unrushed environment 
[104]. All treatment options should be discussed, and patients 
should be given time to consider the risks and ask questions. 
Attending clinicians are responsible for the content of coun-
seling, but counseling processes may be varied to include 
group meetings, one-on-one sessions, or the use of trained 
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physician extenders [104]. Couples should be informed not 
only of the risks of the treatment itself, or anticipated preg-
nancy rates, but also of the risks of potential perinatal com-
plications for which well-documented outcome data exist 
[104].

49.4.1  Multiple Gestations

Because of the persistent excess of multiple gestations – 
especially twins, but also higher-order multiples – among 
ART patients, couples should be fully advised of the con-
sequences of multiple births [105–109]. These discus-
sions should take into account multiple- vs. single-embryo 
transfer, risks of adverse perinatal outcomes, and the pos-
sible costs or other effects of additional ART cycles. The 
risks of preterm birth should be quantified [105, 107]. 
Counseling should cover both immediate and long-term 
outcomes of multiple gestation for both mother and infant 
and the influence these outcomes may have on the family. 
Families raising twins and higher-order multiples may 
experience higher levels of physical, emotional, and 
financial stress [110]. Compared to mothers of IVF sin-
gletons at 1 year after delivery, mothers of IVF multiples 
are more than five times more likely to report severe par-
enting stress, and are 70% less likely to be in paid employ-
ment [111]. Informing couples of these risks and 
psychosocial consequences may influence their prefer-
ence for specific treatment options (e.g., number of 
embryos transferred) [112].

49.4.2  Obstetric Complications

Couples should be made aware that even singleton pregnan-
cies resulting from ART are at increased risk for obstetric 
complications, including preterm birth and small for gesta-
tional age infants, compared to spontaneously conceived 
gestations. The observed frequency of adverse outcomes 
should be described (see Table 49.1), and comparison with 
frequencies in spontaneous conceptions may be discussed. It 
is not possible, at this time, to quantify for patients the sepa-
rate contributions of the ART procedures and the underlying 
fertility disorder to the excess risk, nor does sufficient evi-
dence exist to allow a differential estimate of perinatal risks 
by specific treatment or etiology of infertility. Similarly, no 
specific data exist on which clinicians caring for women with 
ART pregnancies can base recommendations for any particu-
lar antenatal monitoring for or effective preventive measures 
against these outcomes, beyond current standard obstetrical 
practice.

49.4.3  Congenital Malformations  
and Chromosomal Abnormalities

Patients should be informed of the risks of congenital mal-
formations and aneuploidy, and options for prenatal screen-
ing and diagnosis should be discussed. While it may be 
emphasized that the overall risk is small, certain clinical 
scenarios may warrant more extensive genetic counseling. 
Male partners with severe oligospermia or azospermia may 
transmit numerical sex chromosome aberrations or Y chro-
mosomal microdeletions to their offspring [80, 81, 83]. In 
these patients, paternal karyotyping and Y deletion testing 
are recommended prior to attempting IVF with ICSI [81, 83, 
105, 107]. Obstructive azoospermia or congenital bilateral 
absence of the vas deferentia in male factor infertility patients 
warrant referral for genetic counseling and testing for cystic 
fibrosis [81, 83, 105, 107].

49.4.4  Other Risks

Data suggesting associations between ART and long-term 
neurodevelopmental or behavioral disorders, childhood can-
cer, and epigenetic disorders are still preliminary and require 
further investigation.
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Abstract The high cost and limited success rates of In Vitro 
Fertilization (IVF) have driven many patients to pursue 
alternative or complementary medicine options. Though 
many options exist, only the Traditional Chinese Medicine 
of acupuncture as adjuvant treatment in IVF has received 
significant scientific scrutiny. Despite an extensive body of lit-
erature that includes numerous randomized clinical trials and 
a meta-analysis, definitive conclusions are lacking. Though  
results to date suggest a statistically significant improvement 
in pregnancy rates with adjuvant acupuncture, important 
issues remain to be addressed. These include the chance of a 
placebo effect, the possible impact of patient selection and 
baseline pregnancy rates, and the lack of biologically plau-
sible mechanism. Larger, randomized placebo-controlled 
trials are underway to address these concerns.

Keywords Acupuncture • Alternative medicine • Comple
mentary medicine

50.1  Introduction

Despite significant advances, pregnancy and delivery rates 
with In Vitro Fertilization (IVF) remain limited, particularly 
in older patients. Additionally, the expense of IVF is sub-
stantial, often costing more than $10,000 per attempt. These 
factors combine to drive patients to pursue complementary 
or alternative medicine (CAM) options. Anecdotal reports 
have suggested a rapidly growing trend of CAM usage by 
IVF patients in the United States [1]. Published studies from 
Europe and Australia have recorded estimates that range 
from 32–66% of infertility patients reporting the use of CAM 

for treatment [2–4]. It is most likely that physicians are 
unaware of CAM usage by their infertility patients, as a 
nationwide survey in the United States found that only 38.5% 
of patients utilizing CAM for a variety of reasons disclosed 
this information to their health care provider [4].

As defined by the National Center for Complementary 
and Alternative Medicine (NCCAM) [5], a component of the 
National Institutes of Health, CAM is a group of diverse 
medical and health care systems, practices, and products 
that are not presently considered to be part of conventional 
medicine. Complementary medicine is used together with 
conventional medicine, whereas alternative medicine is used 
in place of conventional therapy. NCCAM further catego-
rizes these therapies into whole medical systems and four 
domains that include mind–body medicine, biologically 
based practices, manipulative and body-based practices, 
and energy therapies. Examples of whole medical systems 
include homeopathic, naturopathic, traditional Chinese med-
icine (TCM), and Ayurveda therapies. Mind–body medicine 
includes techniques, such as meditation, prayer, mental 
healing, and therapies that use creative outlets such as art, 
music, or dance. Biologically based practices utilize substances 
found in nature, such as herbs, foods, and vitamins, to treat 
disease and promote health. Manipulative and body-based 
practices use movement of one or more parts of the body, such 
as osteopathic manipulation and message. Energy medicine 
includes the use of biofield therapies, such as qi gong, Reiki 
and therapeutic touch, as well as the unconventional use of 
pulsed fields, magnetic fields, or alternating-current or direct-
current fields.

Unfortunately, most of the diverse therapies noted 
above have received little scientific scrutiny, leaving the 
practitioner with no credible data on which to base recom-
mendations. One notable exception would be the TCM of 
acupuncture as adjuvant therapy for patients undergoing 
IVF. A significant body of literature is available for review 
examining the effects of acupuncture on numerous IVF 
outcomes and includes several randomized clinical trials. 
Therefore, as a practical matter, this chapter will focus on 
the impact of acupuncture in IVF patients, and will provide 
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the reader with evidence-based conclusions that can be used 
in patient counseling.

Acupuncture has been utilized in China for centuries to 
regulate the female reproductive system. Traditional Chinese 
medicine views that everything is created and ruled by two 
principle energy forces called “yin and yang.” Balance and 
free flow of these energies are critical to the health of our 
body and mind [6]. Too little (deficiency), too much (excess), 
or blockage of the free flow of the energy, are common 
examples of causes of illness. In considering conception and 
fertility, Kidney essence and Liver energy are particularly 
important [7, 8]. Generally speaking, acupuncture treatment 
is given by two forms: a fixed protocol, which composes 
predetermined acupuncture points and frequency of treatment 
and an individualized treatment, where points change with 
each patient, following a TCM diagnosis. Besides the choice 
of the acupuncture points, the way of manipulating the 
acupuncture needles, such as rotating the needles in a certain 
direction, or in conjunction with electro-stimulation, are also 
part of the treatment components. These manipulations are 
believed to enhance the effect of the needles in balancing the 
energy, or opening the energetic pathways.

Despite centuries of use, only recently have modern 
investigational methods been employed to evaluate the 
impact of acupuncture on infertility. These studies can be 
categorized as those that focus on possible mechanisms by 
which acupuncture may impact IVF outcomes (i.e., associated 
physiological and psychological changes associated with 
acupuncture), and studies whose primary endpoints are clinical 
outcomes, such as pregnancy rates or live births.

50.2  Physiological Changes: Beta-Endorphin

One of the best characterized physiological changes associated 
with acupuncture is the increase in circulating and local 
tissue beta-endorphin concentrations. Beta-endorphin is an 
endogenous opioid peptide derived from its precursor 
protein proopiomelanocortin, which is present in abundant 
amounts in neuronal cells of the arcuate nucleus of the 
hypothalamus, pituitary, medulla, and in peripheral tissues, 
including intestines and ovaries [9–11]. Proopiomelanocortin 
cleaves to form adrenocorticotropic hormone and beta-
lipoprotein. Further cleavage of beta-lipoprotein yields 
neuropeptides, including beta-endorphin. Mayer et al. [13] 
first reported that acupuncture analgesia was induced through 
endorphin production and antagonized by the opioid recep-
tor antagonist naloxone. Other studies similarly suggested 
that certain effects of acupuncture are mediated through the 
nervous system, within which beta-endorphin and other 
neuropeptides have been implicated [13–15]. Acupuncture 
was shown by Petti et al. [14] to cause a significant increase 

in beta-endorphin levels during treatment, which lasted for 
up to 24 h.

A change in the level of endorphins may affect reproduc-
tive physiology through the hypothalamic-pituitary-gonadal 
axis. The hypothalamic beta-endorphin center and the GnRH 
pulse generator, are both situated within the arcuate nucleus. 
Ching [17], Orstead [18], and Whisnat [19], respectively, 
showed that opioid peptides suppress GnRH release in rats, 
rabbits, and the ewe. A more recent review concluded that 
endogenous opioid peptides mediate the negative feedback 
action of progesterone on GnRH pulse frequency during the 
luteal phase of the ovine estrous cycle [19]. Investigations 
in humans have noted an increased opioid inhibition of 
LH secretion in hyperprolactinemic patients with pituitary 
microadenomas [20], and have demonstrated the role of 
opioid peptides in the initiation of the midcycle LH surge in 
normal cycling women [21].

Beta-endorphin and other neuropeptides have been 
identified in the ovaries of multiple species, including humans 
[9, 10, 22, 23]. It has been suggested that endogenous 
opioids like beta-endorphin are locally produced, since 
pro-opiomelanocortin mRNA has been identified in the ovary 
[10, 23], and follicular fluid beta-endorphin levels are several 
times higher than that found in plasma [25] and do not 
correlate with plasma levels. Gene expression and follicular 
fluid concentrations of POMC-related peptides have been 
found to change during the menstrual cycle. In rats, treatment 
with PMSG resulted in a profound increase in ovarian POMC-
like mRNA [23]. In women, Petraglia [22] measured follicular 
fluid levels of POMC-related peptides in various menstrual 
phases, and demonstrated that beta-endorphin concentrations 
were significantly higher in the preovulatory days than in 
the other periods. Further investigations have suggested that 
intrafollicular beta-endorphin levels vary based on the size 
and maturity of the follicle. Aleem et al. noted that follicles 
greater than 1 cm in size contained higher levels of beta-
endorphin than follicles less than 1 cm [25]. Facchinetti et al. 
[9] were not able to detect beta-endorphin in immature 
follicles, but noted that the highest concentrations were 
in follicles greater than 22 mm obtained after superovulation 
for IVF. Expanding the investigations in women undergoing 
superovulation for IVF, Facchinetti et al. [26] reported that 
beta-endorphin levels were higher in the follicular fluid from 
follicles that contained oocytes that were subsequently 
fertilized. Most recently, Gallinelli et al. [11] studied POMC 
gene expression in fertile and postmenopausal women. 
They reported that POMC mRNA from the ovarian paren-
chyma and germinative follicles of women of fertile age 
appeared higher than samples from postmenopausal women. 
Additionally, no POMC mRNA signals were noted in corpora 
lutea suggesting that POMC gene expression is localized in 
the human ovary. They concluded that the physiological role 
for the POMC gene (and products such as beta-endorphin) is 



72950 The Impact of Complementary Medicine on In Vitro Fertilization

unclear and warrants further investigation. At present, no 
study has examined the effect of acupuncture on beta-
endorphin expression in the ovary.

50.2.1  Physiological Changes: Autonomic 
Nervous System and Regulation  
of Blood Flow

Another pathway by which acupuncture may impact 
reproductive function is through effects on the autonomic 
nervous system. Numerous studies in animals as well as 
human subjects have documented changes in sympathetic 
and parasympathetic activity in association with acupuncture 
[27–37]. Techniques employed include measuring changes 
in skin temperature, thermography, plethysmography, blood 
pressure, and muscle-sympathetic nerve activity. More 
recently, spectral analysis has been utilized to measure the 
low frequency and high frequency components of heart rate 
variability to reflect sympathetic and parasympathetic 
activity. Since the studies vary to such a high degree in 
methods employed, acupuncture points used, and organ 
system studied, one can not draw a simple conclusion 
regarding the impact of acupuncture on the autonomic 
nervous system. Some studies report an increase in sympa-
thetic activity [27, 28, 37] while others have documented a 
sympathoinhibitory effect [29–36]. It is the latter that has 
led some to hypothesize that acupuncture could increase 
blood flow to the uterus and ovaries, which could result in 
beneficial changes in reproductive function at these sites. 
This hypothesis was investigated by Stener-Victorin et al. 
[38] who measured uterine artery blood flow impedance in 
ten infertile women with a high baseline pulsatility index 
(PI ³ 3.0). Patients had endogenous hormone activity 
suppressed by a GnRHa, and underwent EA twice a week 
for 4 weeks. The PI was significantly reduced after the 
eighth EA treatment and remained significantly lower up to 
14 days later. In contrast, Paulus et al. [39], in a larger, 
randomized study of infertility patients undergoing IVF 
could find no acupuncture-associated changes in the uterine 
artery PI. However, a different acupuncture protocol and 
patient population (baseline normal uterine artery blood 
flow impedance) prevent a direct comparison between studies. 
Changes in ovarian blood flow in response to EA have been 
studied in anesthetized rats [40]. This report concluded that 
low-frequency EA stimulation increases ovarian blood flow 
as a reflex response via the ovarian sympathetic nerves. 
In related studies, the same group has recently shown, in rats 
with steroid-induced polycystic ovary syndrome, that EA 
produces a decline in ovarian concentrations of endothelin-I, 
a potent vasoconstrictor [41].

A basic assumption common to these studies is that an 
increase in blood flow to the uterus and/or ovary would 
improve reproductive function. However, based on available 
evidence, it would be difficult to predict whether an 
acupuncture mediated increase in uterine and/or ovarian 
blood flow would ultimately result in an improvement in IVF 
pregnancy rates. Regarding the uterus, multiple studies have 
investigated uterine artery blood flow and endometrial 
vascularity and its relationship to endometrial receptivity 
and pregnancy rates [42–47]. The studies vary widely regarding 
inclusion/exclusion criteria, the various forms of treatment 
utilized (e.g., IVF, intracytoplasmic sperm injection, frozen 
embryo transfer), the timing of the assessment of blood flow 
(e.g., at the start of ovarian stimulation, at the time of hCG 
administration, on the day of oocyte retrieval and on the day 
of embryo transfer), and the tools used to assess blood 
flow (color Doppler, intrauterine laser Doppler, 3D power 
Doppler). Results have been mixed. Some studies have con-
cluded that an increase in uterine blood flow/endometrial 
vascularity is associated with higher pregnancy rates [42, 43, 
46–50] while others did not find a significant correlation 
[42–44, 51–53]. Results from investigations focusing on 
uterine blood flow and the risk of miscarriage have also been 
contradictory with a study by Isaksson [54] showing no 
correlation and a study by Ng [43] concluding that a higher 
vascularization index in the endometrium is associated with 
a lower pregnancy loss rate. Regarding the ovary, early 
investigations showed that stromal peak systolic velocity 
prior to the beginning of ovarian stimulation in IVF cycles 
was associated with the number of oocytes retrieved [55, 
56]. More recent studies have employed the technique of 3D 
power Doppler, which is thought to have methodological 
advantages over bidimensional pulsed Doppler [57, 58]. 
Conflicting results have been noted regarding the association 
and predictive value of 3D power Doppler measurements and 
IVF outcomes. In some studies, an increase in ovarian blood 
flow as measured by higher indices has been associated with 
a greater number of follicles and a higher number of retrieved 
oocytes as well as an improvement in pregnancy rates [57–60]. 
Other studies found no significant association between these 
measurements and IVF outcomes [61, 62]. Additionally, further 
statistical analysis in several of these studies [57, 58, 62] 
found these measurements to be poor predictors of IVF 
outcomes, including pregnancy rates.

50.2.2  Psychological Changes: Anxiety  
and Depression

Lastly, it has been postulated that acupuncture may improve 
IVF outcomes through a positive impact on psychological 
factors. It has been well-documented that infertility patients 
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commonly have psychiatric diagnoses. Chen et al. [63] 
performed a structured psychological interview on 112 con-
secutive patients at an assisted reproduction clinic and reported 
that overall, 40.2% of patients met criteria for a psychiatric 
disorder. The most common disorder was generalized anxiety 
disorder (23.2%), followed by major depressive disorder 
(17%) and dysthymic disorder (9.8). It has also been well-
documented in numerous studies that distress adversely affects 
IVF outcomes. In a review by Domar et al. [64], 21 studies on 
stress and IVF were identified, with 15 supporting the theory 
that distress adversely affects pregnancy rates, two noted a 
trend for this relationship, and three found no relationship 
between stress and IVF outcome and one study did not reach 
a conclusion. However, to date there is only one randomized 
controlled prospective trial to investigate whether the 
treatment of distress improves IVF outcomes. In this study 
performed in Turkey [65], 60 couples undergoing ART were 
randomized to receive routine care or to take part in a counsel-
ing services model. Couples in the experimental group had 
lower anxiety and depression scores, higher life satisfaction 
scores and a higher clinical pregnancy rate (43% treatment, 
17% control). However, at present, it is unknown whether 
acupuncture, as a specific intervention, improves depression 
and/or anxiety in IVF patients. Data that are available include 
reports that IVF patients receiving acupuncture often report a 
relaxing effect [66] and studies have shown that acupuncture 
has a beneficial effect on depression and anxiety disorders 
[67–70]. However, recent reviews on this topic site insufficient 
evidence to reach a firm conclusion [71, 72].

50.3  Clinical Outcome Data: Non-IVF Studies

Though the extensive body of literature discussed above 
provides support for further research, recommendations 
regarding the use of acupuncture in IVF patients should be 
based on studies reporting results that are more directly 
related to the outcome of live births. The earliest such reports 
focused on the use of acupuncture to treat ovulatory disorders. 
In 1992, Gerhard and Postneck [73] studied the effect of 
auricular acupuncture on infertile women diagnosed with 
oligomenorrhea or luteal insufficiency. The results of this 
group were compared to a control group treated with hormone 
therapy. The groups were matched according to age, duration 
of infertility, body mass index, previous pregnancies, 
menstrual cycle, and tubal patency. Eleven pregnancies 
occurred out of 45 women treated with acupuncture compared 
to 15 pregnancies from the control group of 45 women treated 
with hormones. It was concluded that auricular acupuncture 
was a reasonable alternative to traditional ovulation induction 
therapy. In a smaller trial, Chen [74] treated 11 anovulatory 
patients with electroacupuncture (EA) and noted that 46% of 

menstrual cycles that followed were ovulatory. More recently, 
Stener-Victorin et al. [75] examined the use of EA for ovulation 
induction in 24 oligo-amenorrheic women with polycystic 
ovarian syndrome (PCOS). The percentage of ovulatory 
cycles in all subjects was shown to improve from 15 to 66% 
up to 3 months after treatment. Their result suggested that 
acupuncture could be considered as an alternative or adjunct 
to pharmacological ovulation induction in these selected 
patients with PCOS.

50.3.1  Clinical Outcome Data: IVF

More recently, the focus has been on the impact of acupuncture 
on IVF outcomes. Numerous studies are available for review 
but they vary significantly in regard to methodology (e.g., 
retrospective case–control studies, prospective randomized 
trials with no treatment control group, prospective randomized 
double-blind sham control trials) acupuncture protocol, 
infertility treatment (i.e., IVF with or without intracytoplasmic 
sperm injection (ICSI)), and subject selection (average 
prognosis patients, poor prognosis patients, good prognosis 
patients). To facilitate reaching a conclusion as to whether 
acupuncture improves success with IVF, studies will be 
grouped for discussion based on the quality of study design 
and presumed weight of their respective results.

Several studies have noted the impact of acupuncture on 
IVF, though it was recorded as a secondary outcome with the 
primary focus being acupuncture as perioperative analgesia 
for an oocyte retrieval. This could be a very significant dis-
tinction, as treatment aimed at pain relief may not be expected 
to necessarily alter fertility. The earliest of these reports was 
from Stener-Victorin et al. [76] who randomized 150 women 
to receive electro-acupuncture plus paracervical block or 
alfentanil (short acting opiate), plus paracervical block as 
anesthesia for an oocyte retrieval as part of an IVF cycle. 
They concluded that electro-acupuncture (EA) was as good 
as alfentanil in inducing adequate perioperative analgesia 
during oocyte retrieval. Additional analysis revealed a 
significantly higher implantation rate (27.2% vs. 16.3%), 
pregnancy rate (45.9% vs. 28.3%) and take-home baby rate 
(41% vs. 19.4%) per embryo transfer in patients receiving 
EA compared to patients receiving alfentanil. Interestingly, a 
larger (n = 286) more recent study by the same group [77] 
confirmed the effectiveness of acupuncture as peri-operative 
analgesia during oocyte retrieval but did not show a difference 
in pregnancy rates between the acupuncture and alfentanil 
group. It was concluded that since this study was more 
adequately powered to test this hypothesis, acupuncture as 
applied for the purpose of peri-operative anesthesia does not 
improve pregnancy rates in IVF. This is in agreement with the 
conclusion reached by a recent Cochrane Database review, 
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which found no difference in clinical pregnancy rates in 
women using alternative methods for pain relief during 
oocyte retrieval [78]. Two additional studies have been pub-
lished since this review. One study randomized 200 patients 
to either a short duration electroacupuncture technique or 
standard care and found no significant difference between 
treatment and control groups (pregnancy rates 52.3, and 
55.6%, respectively) [79]. The other study [80] randomized 
94 women to auricular acupuncture with or without electrical 
stimulation or a placebo. Pregnancy rates per embryo trans-
fer in the acupuncture groups were significantly higher than 
the placebo group (47% vs. 24.1%, respectively).

Many more investigations have had pregnancy rate and 
live birth rate with adjuvant acupuncture as the primary study 
endpoint. This would include a retrospective analysis by 
Magarelli et al. presented in abstract form in 2004 [81, 82]. 
This group utilized a case control study design to investigate 
the impact of acupuncture on over 50 IVF patients compared 
to a similar number of selected control patients. Treatments 
were administered pre- and post-embryo transfer with some 
patients also receiving treatment prior to the oocyte retrieval. 
Methods included electrostimulation as well as traditional/
auricular acupuncture protocols. In both good prognosis and 
poor prognosis patients, it was concluded that the main 
impact of treatment was to increase the birth rate per cycle 
mainly through a reduction in the rate of miscarriages (23% 
more births/pregnancy with acupuncture). The following 
year, a similar conclusion was reached by Khorram and 
colleagues in an abstract presentation [83]. In this report, 
238 conventional IVF cases were reviewed, in which 127 
patients received acupuncture consisting of a minimum of 
two session given 5–7 days prior to and on the day of embryo 
transfer. The groups were similar in most variables recorded, 
except the acupuncture group had a significantly lower number 
of oocytes retrieved and fewer first trimester miscarriages. 
Two, more recent published reports, have also concluded 
through a retrospective analysis that acupuncture is not 
associated with an increase in pregnancy rates. Johnson [84] 
compared the results of 26 IVF cycles with adjuvant 
acupuncture (pre- and post-embryo transfer and variable 
prior) to a control group. The clinical pregnancy rate per 
cycle in the acupuncture group was 57.7%, which was not 
significantly different than the control group rate of 45.3%. 
Wang et al. [85] reviewed the experience of 32 patients 
undergoing IVF and acupuncture. A slightly different protocol 
was used, in which acupuncture sessions were limited to 
the follicular and luteal phases of the stimulation, omitting 
treatment on the day of embryo transfer. The ongoing preg-
nancy rate for acupuncture patients was 37.5% per transfer, 
which was not significantly different than the rate of 43.7% 
in matched controls.

The results of these retrospective studies would suggest 
that adjuvant acupuncture for IVF patients does not improve 

the chances of conceiving, though it may decrease the risk of 
miscarriage. However, these findings could be due to small 
sample sizes as well as inherent biases in study design. There 
are multiple confounding variables to consider when evalu-
ating IVF outcomes including the age of the patient, ovarian 
reserve, number of prior treatment cycles, prior pregnancies, 
and infertility diagnosis. As these studies were retrospective 
reviews, patients were free to choose acupuncture or no treat-
ment. It is possible that patients with a poorer prognosis 
would be more likely to choose acupuncture as a means of 
doing anything they can to improve their chances of success. 
Conversely, patients that believe they have a good prognosis 
may be less likely to try anything unproven that could jeop-
ardize their chances. Unfortunately, most of these studies did 
not adequately control for these variables. To address this 
problem and other potential biases, the study design of choice 
would be a randomized clinical trial.

The first randomized clinical trial of acupuncture as 
adjuvant therapy in IVF was reported by Paulus et al. [39]. 
In this study, 160 IVF (or ICSI) patients with good quality 
embryos were randomly assigned to traditional and auricular 
acupuncture 25 min before and after embryo transfer or no 
treatment. Patient groups were similar with respect to age, 
number of previous cycles, number of transferred embryos 
(German law mandates no more than three), endometrial 
thickness, plasma estradiol on day of transfer, use of ICSI, 
clinical indications for treatment, and blood flow impedance 
in the uterine arteries (pulsatility index = PI). The clinical 
pregnancy rate in the acupuncture group was significantly 
greater than the group receiving no adjuvant treatment 
(42.5% vs. 26.3%). The authors concluded that acupuncture 
before and after embryo transfer produces a statistically 
significant increase in pregnancy rates, though a placebo-
controlled trial would be needed to rule out the possibility 
that acupuncture produces only a psychological or psychoso-
matic effect. To this end, a year later, the same group reported 
in abstract form the results of a similar trial that included a 
placebo acupuncture needle [86]. Two hundred patients with 
good quality embryos were randomized to acupuncture or 
placebo needling (same acupuncture points but did not 
penetrate the skin). The clinical pregnancy rate in the 
acupuncture group was 43.0%, which was not significantly 
different than the rate of 37% recorded for the control group.

The results of these two trials highlight an ongoing 
debate regarding the use of sham control groups in acupunc-
ture studies. Many experts in the field have called for all 
future trials to include a placebo control group [1, 87–89]. 
They site the possibility of a placebo effect leading to false 
conclusions regarding the true impact of acupuncture on IVF 
outcomes. Specifically, it has been noted that many people 
who receive sham acupuncture report a calming affect and 
some have hypothesized that a reduction in stress can impact 
IVF outcomes [1] Additionally, it has become the expected 
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medical standard for a treatment to compare itself to a placebo 
before making any legitimate claims as to its efficacy (e.g., FDA 
approval standards). Placebo interventions are also required 
for adequate blinding, though in the specific setting of IVF, 
the motivating factors are so strong for success, it seems very 
unlikely there would be any difference in care given to 
intervention and nonintervention groups.

There is also a compelling argument that the need for a 
placebo or sham treatment group in this particular area of 
study is overstated. It has been asserted that a true, inert 
placebo for acupuncture is not available [90, 91]. For example, 
it has been hypothesized that there is a subset of patients that 
are very sensitive to touch/manipulation, so that even superfi-
cial needling produces an effect based on the principles of 
TCM. The issue of sham acupuncture was directly addressed 
in two recent trials. Kaptchuk et al. [90] randomized 270 
patients with arm pain to acupuncture, sham acupuncture 
(Streitberger placebo needle), amitriptyline or inert pill. They 
concluded that sham acupuncture had greater effects than the 
placebo pill on self-reported pain and severity of symptoms, 
both subjective outcomes. However, this was not seen with 
objective measures such as arm strength and grip strength. 
Haake et al. [91] studied 1,162 patients with chronic low back 
pain, randomizing patients to acupuncture, sham acupuncture 
(superficial needling at nonacupuncture points), and con-
ventional therapy. The response rate, based on responses 
to standardized pain/ability questionnaires (i.e., subjective 
measures) was 47.6% in the acupuncture group, 44.2% in the 
sham acupuncture group, and 27.4% in the conventional 
therapy group. The differences between acupuncture and con-
ventional therapy and sham acupuncture and conventional 
therapy were statistically significant. The difference between 
acupuncture and sham acupuncture was not statistically 
significant. Several reports have addressed the issue of 
sham controls and subjective versus objective outcomes. 
Hrobjartsson and colleagues [92, 93] have shown in two 
separate systematic reviews that in trials with binary outcomes 
or when continuous outcomes were reported by observers 
(i.e., objective outcomes), there was no statistically significant 
effect of placebo interventions. However, a statistically 
significant effect was noted with patient-reported continuous 
outcomes (i.e., subjective outcome). Additionally, at a recent 
Cochrane Colloquium, Wood et al. [94] presented metaepi-
demiological data suggesting that failure to double-blind is 
associated with exaggerated treatment estimates, but only for 
trials with subjective outcomes. With these issues in mind, the 
most recent randomized clinical trials examining acupuncture 
and IVF will be discussed deemphasizing the distinction 
between placebo-controlled and no intervention trials.

In 2006, five randomized clinical trials investigating adju-
vant acupuncture and IVF outcomes were reported. Two of 
these were reported in abstract form at the American Society 
for Reproductive Medicine annual meeting [95, 96] and three 

were published together in the same edition of Fertility and 
Sterility with accompanying editorials [97–99]. Two of these 
trials reported an increase in the clinical pregnancy rate with 
acupuncture [97, 99], whereas three of the trials reported no 
statistically significant difference [95, 96, 98].

One of the trials reporting no statistically significant 
impact of adjuvant acupuncture on IVF pregnancy rates 
was from Domar et al. [95] This study was a randomized, 
controlled, prospective, single-blind study 146, undergoing 
IVF at a major US center and utilizing the same acupuncture 
protocol as described by Paulus et al. [39] just before and 
after embryo transfer. Patients randomized to no treatment 
lay quietly for the same amount of time as the acupuncture 
patients. Acupuncture and no treatment groups did not differ 
significantly in age, mean number of embryos transferred, or 
clinical pregnancy rate (acupuncture 30.8%, no treatment 
33.8%). This study also used standardized questionnaires to 
assess the mental status of patients and found acupuncture 
patients were more relaxed and more optimistic.

Another study that failed to find a significant difference in 
outcomes with patients utilizing adjuvant acupuncture was 
reported by Benson et al. [96] This was a prospective, single 
blind, randomized trial of 258 IVF patients at a large US 
fertility clinic that randomly assigned subjects to five separate 
treatment arms: needle acupuncture, laser acupuncture, sham 
laser acupuncture, relaxation, or no intervention. Acupuncture 
groups followed the Paulus [39] protocol of treatment just 
before and after embryo transfer. Although the clinical 
pregnancy rate in the traditional acupuncture group was the 
highest at 54.7% compared to 44% for no treatment with 
the other groups falling in between, statistical analysis 
revealed this to be a nonsignificant trend. The authors 
concluded that further study with larger patient groups is 
warranted, as this trial lacked the required statistical power.

Though studying more than twice the number of patients 
in acupuncture and control groups, Smith and colleagues 
from Australia [98] also reported no statistically significant 
difference in IVF outcomes with acupuncture. In this study, 
228 subjects were randomized to traditional acupuncture or 
control with a placebo needle (nonpenetrating) placed in 
nonacupuncture points. The treatment schedule was a mod-
ification of the Paulus protocol [39] by adding a treatment 
session on day 9 of ovarian stimulation and adding acupuncture 
points based on TCM diagnosis. The study was adequately 
powered (power of 80%, two-sided testing at the 5% signifi-
cance level) to detect a significant difference between groups 
based on the findings from Paulus et al. [39] The acupuncture 
group recorded a clinical pregnancy rate of 31% compared to 
23% for control subjects, a difference that was not statistically 
significant. The authors concluded that acupuncture did 
not produce a significant impact on IVF pregnancy rates. 
However, they did note that a smaller effect could not be 
excluded and would require a larger study.
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Appearing in the same journal issue as Smith et al. [98] 
and studying a similar number of subjects, Westergaard and 
colleagues [99] reached the opposite conclusion. In this 
investigation conducted at a Danish IVF center, patients were 
randomly assigned to treatment with traditional acupuncture 
on the day of embryo transfer only (Paulus protocol [39]), on 
that day and again 2 days later or no treatment. Clinical 
pregnancy rates in the group receiving acupuncture only on 
the day of embryo transfer were significantly higher than 
the no treatment group (39% vs. 24%). There was a trend 
toward a higher pregnancy rate in the group receiving the 
extra session (36% vs. 24%), though this was not statistically 
significant. Possible confounding variables were similar 
between groups, such as age, body mass index, duration of 
infertility, proportion of primary infertility patients, number 
of previous IVF attempts, and cause of infertility. Additionally, 
the distribution of various ovarian stimulation protocols was 
comparable between groups. It was recognized that the 
results could possibly be related to a placebo affect, as there 
was no sham control group. However, if this were the case, 
one would expect the group with the extra session to have the 
same or an enhanced affect. Also, this would be inconsistent 
with results from a subanalysis that showed only patients 
under age 38 showed a statistically significant improvement 
in clinical and ongoing pregnancy rates.

Addressing this issue by including a sham acupuncture 
control, Dieterle et al. [97] reported their results from a 
randomized, prospective study of 225 patients in a German 
infertility clinic. IVF patients were randomized to acupuncture 
based on the principles of TCM or sham acupuncture (needle 
insertion at nonrelevant points) performed immediately 
after the embryo transfer and again 3 days later. There was 
no statistically significant difference between the groups with 
regards to possible confounding variables, such as age, body 
mass index, duration/cause of infertility, and number of previous 
cycles. Clinical and ongoing pregnancy rates per transfer were 
significantly higher in the acupuncture group compared to 
control (33.6% vs. 15.6% and 33% vs. 15%, respectively). It was 
noted that the control group had a lower pregnancy rate than 
average based on data from the German IVF/ICSI register 
(24.6% for IVF and 22.6% for ICSI). This raised the possibility 
that the sham acupuncture protocol had an unexpected adverse 
effect. It was also noted that this trial had to adhere to the 
German Embryo Protection Law, which prohibits embryo 
selection and limits the number of embryos that can be trans-
ferred to three, which can impact pregnancy rates.

In an attempt to clarify this situation of conflicting study 
results, Manheimer et al. [100] recently reported the results 
of a meta-analysis of randomized controlled trials evaluating 
the impact of acupuncture on pregnancy rates and live birth 
rates from IVF. Studies were chosen to be included in the 
analysis if they met the following criteria: randomized, pro-
spective clinical trial, evaluating acupuncture (i.e., insertion of 

needles into traditional meridian points) as a complement to 
the embryo transfer procedure with the objective of improv-
ing pregnancy rates, and extractable data on clinical and/or 
ongoing pregnancy rate and/or live birth rate. Articles could 
have appeared as a full article or as an abstract and could 
have had either a sham control or no intervention control 
group. Authors were contacted as needed to provide addi-
tional data to strengthen the analysis. Applying these stan-
dards, seven trials were identified [39, 86, 95–99], studying a 
total of 1,366 patients. Complementing the embryo transfer 
process with acupuncture was associated with a higher clini-
cal pregnancy rate (odds ratio = 1.65, 95% CI, 1.27–2.14), 
ongoing pregnancy rate (odds ratio = 1.87, CI, 1.40–2.29), 
and live birth (odds ratio = 1.91, CI, 1.39–2.64). Further anal-
ysis found that for every ten patients receiving adjuvant acu-
puncture, one additional clinical pregnancy could be 
expected. Of note, a subgroup analysis revealed no statisti-
cally significant impact for acupuncture if analyzing only the 
three trials reporting control group pregnancy rates equal to 
or greater than European averages. It was concluded that 
further study would be needed to address this issue and 
better define the clinical situations that may benefit from 
acupuncture.

Since the meta-analysis by Manheimer et al., several 
other notable studies and meta-analyses have been published 
with differing conclusions. Craig et al. [101] reported the 
results of a multi-center, prospective and randomized trial of 
107 IVF patients who received acupuncture before and after 
embryo transfer or no intervention. The clinical pregnancy 
rate in the control group was 69.6%, which was statistically 
higher than the rate of 43.8% calculated in the acupuncture 
group. Of note, all acupuncture occurred off-site in contrast 
to most of the previous trials reported. El-Toukhy [102] 
reported no impact of acupuncture on IVF clinical pregnancy 
rates (RR=1.23, 95% CI 0.96-1.58, P=0.1) after performing 
a meta-analysis of 8 randomized clinical trials in which sham 
acupuncture or no treatment was used in the control group. 
This study differed from the previous meta-analysis [100] by 
including data from the Craig et al. study and by including 
the group receiving laser acupuncture in the Benson et al. 
[96] trial. A systemic review and meta-analysis from China 
[103], reached the opposite conclusion, excluding the data 
from Craig et al. and Benson et al. and adding data from stud-
ies that were excluded in the other meta-analyses. Specifically, 
Ng et al. reported a significant improvement in the pregnancy 
rate for acupuncture treatment with an odds ratio [OR] 1.42, 
and 95% CI 1.17-1.72. Lastly, So and colleagues [104] from 
China, reported the results of a randomized double blind 
comparison of real and placebo acupuncture (sham acupunc-
ture needles) and IVF treatment in 370 patients. The protocol 
involved treatment only on the day of embryo transfer (25 
minutes before and after the procedure) and involved assess-
ment of endometrial and subendometrial vascularity, serum 
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cortisol levels and anxiety levels. No significant difference 
was found in live birth rates between the two groups, Both 
groups showed a similar treatment associated decline in 
endometrial vascularity, serum cortisol and anxiety levels. 
This led the authors to conclude that placebo acupuncture 
may not be inert.

50.4  Summary: Evidence-Based Guidelines

In conclusion, there is an extensive though not exhaustive 
body of literature regarding the impact of acupuncture on 
IVF. Studies have investigated physiological and psychological 
endpoints that could impact IVF outcomes as well as studying 
the impact of adjuvant acupuncture on pregnancy rates and 
live birth rates. Regarding physiological changes, it has been 
well established that treatment with acupuncture is associated 
with a significant increase in the endogenous neuropeptide 
beta-endorphin. Additionally, studies have suggested a role 
for beta-endorphin and other neuropeptides in regulation 
of the GnRH pulse generator, and locally, in the ovary. 
However, no studies have investigated the impact of acu-
puncture on beta-endorphin levels in patients undergoing 
IVF. Acupuncture has also been associated with changes in 
the autonomic nervous system that could lead to alterations 
in blood flow. Evaluating the impact of acupuncture on 
uterine blood flow in humans has led to conflicting results, 
whereas data from studies in animals have concluded that 
acupuncture causes an increase in ovarian blood flow. It is 
unknown how these changes would impact IVF success rates 
as, despite numerous studies, it is unclear whether measure-
ments of blood flow to the uterus or ovaries are good predictors 
of success with IVF. Acupuncture has also been found to 
have a beneficial effect on patients with depression and anxiety 
disorders, issues commonly seen in infertility patients and 
that have been associated with poor IVF outcomes. However, 
more study is needed to determine whether acupuncture dur-
ing IVF improves these conditions. Regarding pregnancy 
rates, a review of the literature finds more than 20 separate 
reports investigating the impact of adjuvant acupuncture on 
IVF outcomes. Though initial randomized clinical trials 
and a meta-analysis concluded that acupuncture improves 
IVF pregnancy rates, more recent reports have raised sig-
nificant doubt regarding this conclusion. Studies have 
almost uniformly shown little risk of serious adverse 
events.

Prior to making definitive recommendations, several 
issues need to be addressed. It is possible that the few, 
relatively small, studies that concluded that acupuncture was 
associated with a significant improvement in pregnancy rates 
did so by chance (a error) [87]. This seems possible espe-
cially when the data is examined closer, revealing that if a 

few more pregnancies occurred in the control group (to reach 
pregnancy rates closer to the average for that region), the 
differences would no longer be statistically significant 
[39, 97, 99]. There is also the possibility that the impact of 
acupuncture is dependent on the baseline pregnancy rate. This 
issue was raised by the observation that trials with higher 
control group pregnancy rates failed to show a significant 
difference when acupuncture was added [100]. There have 
also been concerns voiced regarding a placebo effect in studies 
with no treatment controls and the concern that placebo acu-
puncture may not be inert. Additionally, the possibility of 
publication bias skewing results of the meta-analysis. Lastly, 
there is the lack of a biologically plausible mechanism by 
which a single acupuncture treatment before and after 
embryo transfer results in an improvement in live birth rates. 
This is especially important as it is well established with 
other disease states that TCM often requires multiple courses 
of treatment over time to have an impact. It is hoped that these 
issues will be addressed in future studies, as currently there 
is insufficient agreement amongst studies to conclude that 
adjuvant acupuncture improves IVF success rates, though 
there appears to be little risk of serious side-effects.
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Abstract The design, conduct, and supervision of clinical 
research trials in the early twenty-first century American 
medical setting are increasingly complex processes. With 
increasing awareness that clinical trial outcomes must focus 
on clinically significant, rather than surrogate, outcomes, 
the need for larger multi-site extramurally funded studies is 
becoming more apparent. The administration of such studies 
requires careful attention to research personnel administra-
tion, careful and thorough financial accounting, and appro-
priate timely approval mechanisms. Institutions committed 
to long-term sustainable research programs will need to 
develop research infrastructures capable of proactive admin-
istration. This chapter provides guidelines for infrastructure 
development as well as specific examples from the authors’ 
institution.

Keywords Research • Grants • Contracts, research adminis-
tration • Personnel

51.1  Introduction

Reproductive medicine, from before conception to the 
puerperium, is characterized by normal physiology and 
normal outcomes for both mother and her baby(ies). Even 
many of the clinical entities of interest to the readers of this 
book (infertility, polycystic ovary syndrome (PCOS), endo-
metriosis, varicocele, etc.) occur infrequently enough that 
few clinical centers have sufficient clinical volumes to 
mount adequately powered single-center clinical trials of 
individuals or couples with well-characterized conditions. 
Likewise, the end points of clinical trials should ideally be 
clinically significant, and not surrogate outcomes. In addition, 

the study of infrequent outcomes can be complicated by the 
lack of sensitive and specific predictive tests remote from 
the clinical outcome of interest. For all these reasons, there 
is a growing trend toward multicenter clinical trial 
networks.

For example, the National Institute of Child Health and 
Human Development (NICHD) now has at least seven repro-
ductive endocrinology/infertility (REI) multicenter clinical 
trials networks (Table 51.1). While the number of networks 
as well as their memberships will doubtless change over the 
years, it is already clear that these clinical trial networks are 
dominated by a relatively small number of institutions that 
have established clinical research infrastructures.

The authors of this contribution have developed such an 
infrastructure in an obstetrics and gynecology department, 
initially focusing on obstetric clinical trials but now expanded 
to cover the entire department. The authors have been 
recruited to fill key positions in the research infrastructure of 
the Department of Obstetrics and Gynecology at the 
University of Utah. It is the purpose of this contribution to 
provide some background and guidance to those individuals 
and clinical centers that might wish to design a clinical 
research infrastructure.

51.2  Patient Population

Because any clinical research infrastructure must be tailored 
to the population(s) that it will study, it is thus important to 
first consider the effect(s) of patient population(s) on infra-
structure design. In particular, if a research infrastructure is 
being developed around an existing clinic/clinics that is/are 
already seeing a substantial number of women with specific 
REI diagnoses, the requirements are likely quite different 
from an infrastructure being created for population-based 
studies. In reality, many research programs will need and 
want to be able to recruit subjects from both groups.
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51.2.1  Specialty- or Subspecialty-Based 
Recruitment

Many patients seen for diagnosis and/or treatment of the 
entities identified in Table 51.1 will likely be seen in REI 
subspecialty clinics. Recruitment of research subjects in this 
setting generally requires less infrastructure support because 
the subjects are already identified. However, recruitment by 
diagnosis in specialty clinics leaves open the questions of 
incidence (the number of new occurrences of a condition in 
a population over time) and prevalence (the measure of a 
condition in a population at a given moment in time). This 
may be because some proportion of subspecialty clinics in a 
community or region are not included in the population base 
or because some proportion of potential subjects are seen by 
other providers (general obstetrician-gynecologists, urolo-
gists, family physicians, etc.). In either case, the more exten-
sively a research network is integrated with its 
community(ies), the more fully representative will be its 
patient population of the diagnosis and/or treatment entities 
it wishes to study.

The authors have a 17+ year experience with population-
based recruitment as a result of their initial preparation for, 
and subsequent involvement with, the NICHD Maternal-
Fetal Medicine Units (MFMU) Network. The Utah site in 
this Network consists of the five tertiary care perinatal cen-
ters in the northern Utah urban corridor (90% of the State’s 
population) and thus allows research access to almost all 
women with significant pregnancy complications (recogniz-
ing that a proportion of such women will present to their 
local facilities and require immediate delivery rather 

than maternal transport). The authors worked for 5 years 
(1990–1995) to nurture the relationships with providers and 
health-care facilities that would be necessary for a fundable 
multicenter collaborative clinical trials network. The two 
areas of emphasis that proved most successful in our endeav-
ors were collaborative research and collaborative education, 
both of which are frameworks on which to construct political 
and economic relationships that are either mutually neutral 
or mutually advantageous.

51.2.1.1  Collaborative Research

Initial collaborative research need not begin with randomized 
controlled trials. Rather, simple descriptive statistics, either 
prospectively or retrospectively acquired, can be valuable for 
establishing collaboration (and resultant mutual trust), pro-
viding useful community and/or institutional benchmarks, 
and establishing a basis for collaborative publications. 
Preparation and submission of collaborative publications can 
prove particularly valuable for documenting previous collab-
oration when funding applications are eventually submitted.

While telephones, mailings, and internet communications 
(websites, e-mails, etc.) are all vitally important communica-
tions media for the early twenty-first century, there remains 
no substitute for “face time” when developing relationships. 
We have found that regular “research road shows,” in which 
the research administration visits both administrators (hospi-
tal and clinic) and providers, are truly invaluable for estab-
lishing and maintaining personal relationships based on 
trust, respect, and understanding. These relationships are 

Table 51.1 NICHD networks in reproductive endocrinology and infertility

Network NICHD contact Number of centers Network focus

Contraceptive Clinical Trials Network 
(CCTN)

Trent MacKay MD, 
MPH

14 Phase I, II, and III trials of oral, injectable, 
implantable, or topical contraceptive drugs and 
contraceptive devices

Cooperative Contraceptive Research 
Centers

Diana Blithe, PhD 5 Basic or clinical research on new contraceptives

Cooperative Reproductive Science 
Research Centers (CRSRC) at 
minority institutions

Estella Parrott MD, 
MPH

3 Development of competitive research environments in 
reproductive science at minority institutions

Cooperative Research Program on 
Male Fertility Regulation

Louis DePaolo, PhD 8 Development of male contraceptives, including a 
combination of basic, applied, and clinical research

National Cooperative Program for 
Infertility Research (NCPIR)

Louis DePaolo, PhD 2 Genetic etiology of polycystic ovarian syndrome

Reproductive Medicine Network 
(RMN)

Tracy Rankin, PhD 8 Multicenter clinical trials in the areas of male and 
female infertility, reproductive diseases and 
disorders

Specialized Cooperative Centers 
Program in Reproduction 
Research (SCCPRR)

Louis DePaolo, PhD 14 Research focus groups were established in the areas  
of male reproduction, endometrial biology, ovarian 
physiology, and reproductive neuroendocrinology
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even more important than research protocols for maintaining 
long-term research collaboration.

For a collaborative research relationship to be truly syner-
gistic and sustainable, consideration needs to be given to the 
prospect of all partners being eligible to pursue funding 
opportunities. Said another way, “research colonialism” (in 
which one institution gets all the academic credit and indi-
rect cost funding while some considerable proportion of 
the actual work is done elsewhere) is not a viable option. 
A “research commonwealth,” in which all partners have 
opportunities to pursue funding opportunities according to 
their individual interests, strengths, and expertise, is – at least 
in the authors’ opinion – the strategy most likely to be 
successful over extended time-periods.

51.2.1.2  Collaborative Education

The development of collaborative education programs 
(Grand Rounds that rotate amongst institutions, CME 
programs, “mini-residencies,” etc.) is not directly related 
to research collaboration but, at least in the authors’ 
experience, has proven very helpful for establishing, 
nurturing, and expanding the mutual trust, respect and 
multidirectional communication that is absolutely essen-
tial for any long-term research relationship. In the authors’ 
specific situation, the development of collaborative 
research and education programs among providers and 
health-care facilities as well as the publication of collab-
orative research activities were both absolutely critical to the 
success of our initial (1996) and subsequent multicenter 
clinical trial network applications.

51.2.2  Population-Based Recruitment

Population-based recruitment largely obviates concerns 
about incidence and prevalence. However, they require 
long-term, extensive involvement with the entire community. 
Prospective population-based recruitment studies can gener-
ally only be accomplished after widespread engagement of 
providers, health-care facilities, and/or populations.

Population-based studies can sometimes also be aug-
mented by collaboration with regional Health Departments. 
Health Departments are interested in community-wide 
outcomes and can provide valuable background data. Their 
surveillance systems may also provide valuable contacts for 
expanding clinical access.

Two examples of NIH-funded population-based recruit-
ment studies with which the authors have specific experience 
are the Stillbirth Collaborative Research Network and the 
National Children’s Study. In both cases, they were build on 

the foundations of collaborative research (and publications) 
and education described in the preceding section.

51.2.2.1  Collaborative Stillbirth Research Network

The Collaborative Stillbirth Research Network (CSRN) is an 
NICHD-funded multicenter geographic population-based 
study of the incidence of fetal deaths at 20 weeks gestation or 
greater. An extensive clinical protocol has been developed, 
and cases plus controls are now being recruited at five clini-
cal sites (Brown University, Emory University, University of 
Texas Medical Branch–Galveston, University of Texas–San 
Antonio, University of Utah). The Utah clinical center is col-
lecting cases and controls from women who are residents of 
Salt Lake County, Utah. This involves “real-time” identifica-
tion and recruitment of cases in all hospitals in Salt Lake 
County (n = 8) as well as those hospitals in immediately adja-
cent counties (n = 8) where women who are Salt Lake County 
residents might seek obstetric services.

Based on relationships originally developed in prepara-
tion for the MFMU Network application, the Utah investiga-
tors were able to enlist the participation of all 16 hospitals 
and the majority of the obstetric care providers in Salt Lake 
County. This emphasizes the importance not only of estab-
lishing community relationships, but also of maintaining 
them over time.

51.2.2.2  National Children’s Study

The National Children’s Study (NCS) is a large, long-term 
longitudinal study of environmental and genetic influences 
on children’s health and development. It expects to enroll a 
sufficient number of women of reproductive age, either pre-
conceptionally or early in pregnancy, to result in 100,000 
live births. Monitoring of the mother’s exposures will con-
tinue throughout pregnancy to birth, and possibly beyond. 
The child will then be followed for a wide range of health 
and developmental outcomes and NCS-defined environmen-
tal exposures throughout childhood until at least 21 years of 
age. It will be conducted in 105 preassigned jurisdictions 
across the country that were selected to represent the popula-
tion of the country as a whole. One of these jurisdictions is 
Salt Lake County. On behalf of Salt Lake County, the 
University of Utah is one of the seven selected NCS Vanguard 
Centers (for more information, see http://www.national 
childrensstudy.gov).

Besides enlisting the support of health-care providers and 
facilities, the NCS Vanguard Centers are expanding the 
research infrastructure to involve employers, advocacy 
groups, neighborhoods, schools, faith groups, media, and 
health departments.

http://www.nationalchildrensstudy.gov
http://www.nationalchildrensstudy.gov
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51.3  Protocols

51.3.1  Single Site Versus Multi-site

Recruitment of research participants from a single site (hos-
pital, clinic, etc) offers obvious geographic advantages but 
has the potential of limiting enrollment, particularly when 
protocol entry criteria are restrictive. On the other hand, 
multi-site recruitment offers access to larger, and sometimes 
more diverse, patient populations but carries with it the chal-
lenges of parallel administrative functions, often between 
disparate institutions.

Multi-site recruitment may involve a single investigator 
functioning in more than one hospital or clinic or could 
involve multiple investigators and multiple hospitals or clinics. 
While the latter situation has the additional complexity of 
organizing multiple investigators (mercifully beyond the 
scope of this contribution), both situations require under-
standings between institutions. It has been our experience 
that misunderstandings are substantially less when contrac-
tual agreements are in place between the various organiza-
tions that outline both the research projects (equivalent IRB 
approvals, procurement and distribution of supplies and 
equipment, etc.) and personnel issues (job descriptions, 
supervision and evaluation, access requirements and/or 
restrictions, funding streams, etc.).

51.3.2  Grants Versus Contracts

Grant submissions generally require more investigator pre-
liminary results but, once awarded, allow more flexibility in 
approach. While it remains vitally important to develop 
mechanisms by which resource utilization is accurately 
tracked and reported, actual research outcomes will be based 
on data collection and/or experimental outcomes.

In clinical trials, the double-edged option of capitated 
enrollment may also be present. If recruitment and protocol 
execution can be accomplished efficiently, then income can 
exceed expenses and the remaining funds may (sometimes 
requiring sponsor approval) be used to support the research 
infrastructure. On the other hand, when expenses exceed 
income, the institution either needs to change its procedures 
or limit/cease its participation. It is also vitally important 
that all appropriate administration be made aware of any 
capitated funding mechanisms (before the fact!), including 
provisions for covering any deficits that might develop. 
Such an awareness requires timely and accurate research 
accounting.

Contracts offer less opportunity for intellectual input and 
are generally specifically prescribed protocols. Research 

infrastructures based primarily on contracts require careful 
attention to the prescribed protocols and timelines. It is spe-
cifically important to be able to track, and be responsive to, 
reporting deadlines, as contracts can be rendered null and 
void if these deadlines are missed. Likewise, performance on 
previous contracts (at least for US government contracts) is a 
significant consideration in the evaluation of any subsequent 
contract submissions.

Contracts also have more stringent requirements for 
changes in personnel, equipment, and scope of work. This 
can be constraining but can also be advantageous, as any 
requested change from the original scope of work should 
require an appropriately funded supplement or amendment 
to the original contract.

51.4  Personnel

51.4.1  Research

Case reports and retrospective reviews are most commonly 
performed by individuals or groups of investigators and 
require little in the way of research infrastructure, although 
IRB approval (usually expedited) will generally be required.

While some prospective research, such as case series, can 
still be accomplished by individuals or groups of investiga-
tors, more sophisticated prospective research, particularly 
clinical trials, almost always require research personnel in 
addition to the investigator(s).

Most clinical trials require an initial screening procedure, a 
decision about eligibility, enrollment, then monitoring and 
data collection during and following the intervention. The key 
personnel decision, in our experience, for such studies is: 
“How much education and technical knowledge is required to 
conduct the study(ies) with acceptable precision?” The crux of 
this issue generally involves whether to utilize nurses (gener-
ally registered nurses (RNs)) or research assistants (generally, 
licensed practical nurses (LPNs), medical assistants (MAs), 
or individuals without specific health sciences degrees). The 
difference in hourly salaries between these two groups are 
substantial and can result in substantial cost-savings (as long 
as recruitment numbers and data quality remain high).

In our experience, the two steps in a clinical trial that are 
most vulnerable to suboptimum outcomes are screening for 
randomization and outcomes data collection. The level of 
educational requirements for these, as well as any interven-
tions and interval assessments, can – and should – be tailored 
to the individual protocol in order to utilize available research 
personnel with optimal cost-efficiency.

Health status screening of potential research participants 
frequently requires an extensive understanding of clinical 
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medicine that might not be intuitive to individuals with little 
or no clinical training or experience. For example, if a woman 
was being screened for a drug trial for which liver disease was 
an exclusion criterion and she reported to a research screener 
that she had had “liver failure in my pregnancy” (that was 
actually severe preeclampsia that completely resolved), an 
individual unfamiliar with preeclampsia might exclude her, 
whereas a more educated and/or experienced individual 
would recognize that preeclampsia is a self-limiting preg-
nancy complication that generally resolves completely and 
that the woman in question could be eligible for study partici-
pation. Because incorrect determinations of protocol eligibil-
ity are so critically important in clinical trials, we have 
generally utilized RNs for screening. However, exceptions to 
this policy can, do, and should, occur. For example, if a pro-
tocol is limited to women with asymptomatic bacteriuria and 
large numbers of women are to be screened for a straightfor-
ward biologic outcome prior to actual study recruitment, it 
could be cost-effective to utilize individuals with less training 
and experience for the specific process of obtaining permis-
sion to obtain a clean-catch urine sample.

The informed consent process (discussed in more detail in 
Sect. 6 below) also requires extensive understanding of the 
biologic basis of the proposed study, its inclusion and exclu-
sion criteria, and potential side effects. We generally utilize 
RNs or physicians at this critically important step as well.

Biologic sample collections in clinical research character-
istically follow prescribed protocols and do not generally 
require the same clinical acumen necessary for enrollment 
and randomization. Although many clinical research pro-
grams utilize RNs for these activities as well, we have 
enjoyed success – and some appreciable savings – using 
research assistants (RAs).

Although beyond the scope of this chapter, the majority of 
research-oriented health facilities will have data analysis 
personnel available (generally biostatisticians, bioinformati-
cists, or other quantitative health scientists). In the event that 
such expertise is not available locally, it is becoming increas-
ingly accessible online.

51.4.2  Administrative

51.4.2.1  Human Resources

The previous several decades have seen a seemingly inexo-
rable increase in administrative requirements for clinical 
research. Research personnel at all levels are required to have 
annual certification in Health Information Portability and 
Accountability Act (HIPAA) and some sort of research con-
duct certification (for example, CITI = Collaborative 
Institutional Training Initiative). Many institutions also have 

their own additional research certification/recertification 
programs. For example, the University of Utah has a Research 
Administration Training Series, or RATS (http://www.edu-
cation.research.utah.edu/). For any research organization to 
be effective, sufficient human resources (HRs) personnel 
must be available to track these issues for all new and ongo-
ing personnel. For our research enterprise, we now employ a 
full-time Research Administrator who supervises all research 
personnel, both within the University and in the other health-
care networks in which we screen, recruit, and follow 
research subjects.

The extension of clinical research programs across 
multiple health-care systems is becoming more common. 
The coordination of HR activities (job expectations, per-
formance review, etc) across health-care systems is becoming 
more complex, in part because of the increasing concerns 
by health-care administrations about research employees 
of another health-care system conducting research activi-
ties in their system. More and more health-care systems 
will no longer allow this practice and in those that still 
permit the practice, the certification process is becoming 
increasingly complex and time-consuming. In addition, 
HIPAA-related concerns about involvement of research 
personnel from outside the “covered entity” further com-
pounds these problems.

Our research network extends across several health-care 
systems and we have found it easier to hire research person-
nel through the respective health-care systems. Their salaries 
are paid by their respective health-care systems via subcon-
tracts with the University of Utah. The HR issues for these 
employees are managed collaboratively by their institutional 
supervisors and by the University Research Administrator 
under terms specified by the subcontracts.

51.4.2.2  Accounting

It has always been important to track research expenditures. 
This process was relatively straightforward in the setting of 
single investigator research, particularly bench research 
where personnel requirements are less and research supplies 
can be credited to a single account.

The process becomes more complex with clinical trial 
networks that involve multiple concurrent protocols and 
multiple institutions. For example, at the time of this writing, 
our Department is participating in seven federally funded 
clinical trial networks conducting a total of 14 different pro-
tocols that are being conducted in 12 hospitals (not all proto-
cols are being conducted at all hospitals!).

The tracking of expenditures (supplies and personnel 
effort) and income (base and capitated) requires considerable 
accounting expertise and resources, the precise amounts 
of which will obviously vary from one situation to the next. 

http://www.education.research.utah.edu/
http://www.education.research.utah.edu/
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At present, our research accounting efforts require two 
full-time positions, a Research Accounting Manager and 
Financial Analyst.

51.4.2.3  Research Coordination

In addition to HR and accounting expertise, one individual 
should be designated as a Research Coordinator. His or her 
responsibility will be to decide, in conjunction with the 
Principal Investigators, which research personnel will work 
on specific protocols and where each protocol will, or will 
not, be conducted. This person can be either a senior research 
nurse or a physician.

51.4.2.4  Institutional Review Board Specialist

If a research enterprise is conducting more than a few proto-
cols in more than a couple of institutions, the Institutional 
Review Board (IRB) requirements for new protocol submis-
sions, annual reviews, adverse event reporting, etc. can rap-
idly become overwhelming. In our infrastructure, we employ 
a full-time IRB Specialist who tracks each protocol for 
renewals, amendments, and adverse event reporting. This is 
a particularly challenging position when a given protocol is 
conducted in multiple hospitals (we have several protocols 
that are being conducted in all eight hospitals in Salt Lake 
County that have obstetrics and gynecology services).

51.4.2.5  Others

Multicenter clinical trials often require data entry specialists. 
Our research program employs approximately three FTEs for 
these efforts (two full-time individuals plus part-time efforts 
by several research project coordinators). While it requires 
some additional expenditure, we have found that our data 
quality can be optimized with routine double data entry.

51.5  Finances

51.5.1  Infrastructure Support

The financial support necessary to support a research infra-
structure can come from a variety of sources, such as clinical 
income, returned indirects, industry research, in-sourcing, 
and fundraising.

Income from patient visits, procedures, and surgeries is the 
primary source of revenue for almost all clinical departments. 

It is often left to departmental leadership to determine how to 
best use clinical income to support central functions. One 
option is to assess a tax on physicians’ clinical income to 
fund a research infrastructure, in whole or in part. Not all 
physicians are involved directly with the research being con-
ducted in their departments and may not want a portion of 
their income to go to a resource that does not directly benefit 
them. Department leadership will need to determine if a tax 
on clinical income is an acceptable method of funding, based 
on the culture of the department and institution.

Options are available to avoid a perceived disconnect 
between a clinical funding source and research infrastructure 
expenses, including returned indirects and industry-spon-
sored research.

Funding awards include a budget for the work that is to be 
done (direct costs), as well as a budget to cover the institu-
tional costs of supporting research (facilities and administra-
tive costs). Facilities and Administrative costs (F&A) are 
often known as indirect costs and are costs that are incurred 
for common or joint objectives and, therefore, cannot be 
identified readily and specifically with a particular sponsored 
project, an instructional activity, or any other institutional 
activity. Depending on the institution, some of these indirect 
costs may be available to support research infrastructure. For 
example, at the University of Utah, a small percentage of the 
indirect costs collected are returned to the departments that 
administer the grants. These returned indirects are budgeted 
at the department’s discretion for research-related costs such 
as investigator start-up costs, seed grants, and research 
administrative support.

Industry-sponsored projects, as opposed to those funded 
by federal and nonprofit sponsors, may offer a means to sup-
plement a research infrastructure budget. These sponsors 
most often used a fixed price budget in which a flat fee is 
paid for each milestone reached or participant enrolled. If the 
work can be done for less money than the sponsor is paying, 
the difference can be used to support other research endeav-
ors, including a research infrastructure. The opposite, how-
ever, is also true – if the project costs more to do than the 
sponsor is willing to pay, the investigator must make up the 
difference. For this reason, it is risky to rely solely on indus-
try research for steady revenue. It has been noted that the 
only way to make a small fortune from clinical research is to 
start with a large fortune. With a well-designed budget and 
closely monitored expenses, the risk of running out of funds 
can be reduced. Remaining funds from well-managed indus-
try-sponsored projects can be a good supplement to infra-
structure funding.

As a research infrastructure is formed and proficiency is 
built, the expertise gained is often sought after by other 
departments and institutions. This provides the opportunity 
for in-sourcing. An established research team can offer it ser-
vices to others for a negotiated fee. These services can include 
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budget development, proposal preparation, compliance 
management, clinical research services, financial reporting, 
study close-out, or any combination of these and others. 
Such an arrangement allows departments without research 
resources to benefit from existing expertise and provides 
financial support for the infrastructure.

Fundraising is also a viable option for securing the funds 
necessary to support a research infrastructure. This can take 
several forms, from an annual donation campaign to naming 
opportunities – such as the ABC Center for Women’s Health 
Research Administration or the XYZ Nephrology Research 
Network. Most universities have public relations and devel-
opment offices that can offer professional services to publi-
cize a department’s research and to create a plan to solicit 
financial support.

51.5.2  Protocol Expenses

As mentioned previously, the tracking of expenditures (sup-
plies and personnel effort) and income (base and capitated) 
requires considerable accounting expertise and resources, 
the precise amounts of which will obviously vary from one 
situation to the next. We have found it imperative to track 
expenses and income separately for each protocol and cur-
rently track the hours expended during each pay period by 
every research employee. While requiring considerable 
effort, it is necessary in order to be able to assess which pro-
tocols are being conducted in a cost-effective fashion and 
which are not. In addition, research funding sources expect – 
and deserve – a precise accounting of how and where their 
funding was utilized.

51.5.3  Subcontracts

Whenever research activities extend across multiple health-
care systems, subcontracts are necessary to ensure that col-
lective expectations are met regarding personnel, finances, 
equipment/supplies, and access to potential participants. 
A potentially important consideration with federal funding is 
the limitation of indirect expenses on subcontracts. In par-
ticular, indirect costs are only allowable on the first $25,000 
of a subcontract. Beyond that amount, the indirect costs must 
be either returned to the funding agency or else approved for 
local use by that funding agency. We have found it mutually 
advantageous to request of the federal funding agency per-
mission to utilize these funds for either research equipment 
or for other research projects related to the originally funded 
protocols. In this age of tight federal funding, this mecha-
nism is often appealing to federal funding agencies, as it 

ensures that they do not have unutilized funds at the end of 
their funding cycle.

This limitation on indirect funding for subcontracts is 
understandably not always seen favorably by the institution(s) 
to whom subcontracts are disbursed. We have made con-
certed efforts to support our subcontractors’ efforts to achieve 
research funding of their own, including the utilization of our 
grant preparation expertise. These efforts, besides being suc-
cessful in procuring research funding, are of substantial ben-
efit for developing and expanding relationships based on 
trust and respect.

51.5.4  Participant Remuneration

Research subjects can, and should, be appropriately compen-
sated for their time and travel when participating in research 
studies. In the past, this has sometimes been conducted in a 
haphazard fashion, with the distribution of cash, gift certifi-
cates, move tickets, etc. by research personnel. Such activi-
ties are not advisable. We require each participant to complete 
a W-2 form (income from research participation in excess of 
$600/year is taxable), including a social security number, 
and then submit a requisition through our University Research 
Accounting office. This mechanism provides a trackable 
record of payment and receipt (e.g., a cashed check).

51.6  IRB/Compliance

Research participants have the right to protection and dignity 
when enrolling in a research study. Investigators and institu-
tions have the obligation to design and conduct studies in 
such a way that this right is not infringed upon. A successful 
and ethical research infrastructure develops a process that 
acknowledges three levels of accountability and compliance: 
Institutional Accountability, Investigator Accountability, and 
Institutional Review Board (IRB) Accountability (1). For the 
purposes of this chapter, Investigator Accountability is dis-
cussed in terms of its ability to facilitate research compliance 
with local and federal policies and regulations.

Institutions and departments are best served by having 
experienced staff that understand the importance of human 
research protection from an ethical and regulatory perspec-
tive in addition to understanding the rights of the investiga-
tor. Such staff should have the ethical and regulatory 
background in order to proactively advise investigators in 
submission and ongoing monitoring of projects. Individuals 
in this role also require a working knowledge of federal-level 
agency interactions (e.g., Office of Human Research 
Protections and Food and Drug Administration, etc.) in order 
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to facilitate discussions with local IRBs and monitor 
situations where an audit by any of these agencies, study 
sponsors, etc. is conducted.

51.6.1  Basic Ethical Principles

In the United States, research on human participants is 
subject to basic ethical principles as outlined in 1979 by 
The Belmont Report (2). The Belmont Report proposes 
three basic ethical principles (Respect for Persons, 
Beneficence, and Justice) that are relevant not only to the 
actual conduct of a research study, but to the “corporate 
mentality” of the research infrastructure as well. A strong 
research infrastructure will recognize these principles and 
advise investigators from initial study design through 
project completion.

51.6.2  Research Regulations

In addition to the framework set by The Belmont Report, 
adherence to the federal human subjects protection regula-
tion must be understood by both investigators and research 
administrators/support personnel. The regulations discussed 
here are not all-inclusive and may be amended in the future. 
There may also be additional requirements based on special-
ized fields. However, these are the currently most important 
for research using human participants whether it be basic 
medical records research through drugs and devices. 
Depending on the type of study undertaken, any or all of 
these may apply.

51.6.2.1  Common Rule and Subparts

Human research participant protection regulations are pri-
marily codified at 45 CFR 46 (3). Subpart A is currently 
adopted by 15 Federal agencies. Subpart A, commonly 
referred to as the “Common Rule” delineates the specific 
regulations for the overall protection of human subjects 
research. These regulations also consist of three additional 
subparts (B–D): Subpart B – Pregnant Women, Human 
Fetuses, and Neonates; Subpart C – Prisoners; and Subpart D – 
Children (4). These latter subparts have been adopted by all 
federal agencies. These regulations apply to all federally 
funded research. However, institutions can choose (and are 
most likely) to apply these regulations to all research studies, 
regardless of funding source. It is important for research 
administration to understand local policies.

51.6.2.2  Food and Drug Administration

Clinical studies that investigate and support applications for 
research and marketing permits for all products are subject to 
Food and Drug Administration (FDA) regulations (e.g., foods, 
drugs, dietary supplements that claim nutrient or health quali-
ties, infant formulas, food and color additives, drugs for 
human use, biological products for human use, and electronic 
projects) (5).The FDA has multiple regulations and guidance 
documents of which all research administrators should be 
aware in ensuring compliance (see Table 51.2) (6).

51.6.2.3  HIPAA Privacy and Research

This set of regulations applies to the protection of individually 
identifiable information and is codified as 45 CFR 164 (3).

51.6.2.4  Informed Consent

The consent process is just that a process. Much focus and 
attention is given to the actual document. However, investi-
gators and research administrators are obligated to make this 
process dynamic between the research staff and the partici-
pant. Revisiting The Belmont Report’s principle of Respect 
for Persons emphasizes the importance of individuals acting 
as autonomous agents. Therefore, relaying the necessary 
information to make an informed decision can be done in 
many ways. The consent document is the means by which 
this process has been documented (7).

The federal requirements of informed consent are outlined 
in 45 CFR 46.116. Generally speaking, however, the consent 

Table 51.2 Selected FDA regulatory compliance documents

General/administrative:
 21 CFR 11: Electronic records; electronic signatures
 21 CFR 50: Protection of human subjects
 21 CFR 54: Financial disclosure by clinical investigators
 21 CFR 56: Institutional review boards

ICH-E6: Good clinical practice (consolidated guidance for 
investigators)
 FDA information sheets: guidance for institutional review boards 

and clinical investigators
 FDA compliance program guidance manual, chapter 48 – bioresearch 

monitoring: clinical investigators
Drugs:
 21 CFR 312: Investigational new drug application
 21 CFR 314: Applications for FDA approval to market a new drug
Devicesa:
 21 CFR 803: Medical device reporting
 21 CFR 812: Investigational device exemptions
 21 CFR 814: Premarket approval of medical devices
aAdditional regulations apply to manufacturing and importation
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must contain enough information that explains to the participant 
that he/she is being asked to volunteer in a research study. The 
voluntary nature of this study must include assurance that no 
penalties will be assessed as a result of nonparticipation. At a 
minimum, the participant must be provided with enough 
information about the procedures (including any alternatives 
to the research), the risks and benefits of these procedures, 
contact information for questions and to report injury/
concerns. Under no circumstances can a document include 
exculpatory language wherein the participant waives (or 
appears to waive) his/her legal rights or limit the liability of 
the institution or its agents.

Although the regulations specifically address certain 
requirements, there may be additional elements required at 
an institutional level. It is important that these be addressed 
and understood by all research staff. It is important that the 
original signed document be kept with research files until the 
study is complete (e.g., no more procedures, data collection, 
or potential for audit) and the documentation is destroyed.

Not all research studies will include direct access to par-
ticipants and a signed consent document is not practicable 
(e.g., medical records review). The regulations allow for a 
waiver of informed consent in these instances. The investiga-
tor needs to demonstrate that the research involves no more 
than minimal risk to the participants; the waiver will not 
adversely affect the rights and welfare of participants; the 
research could not be practicably carried out without the 
waiver; and the participants will be provided with additional 
pertinent information (if appropriate) (4).

Since institutions vary with regard to their requirements, 
investigators and research administrators are cautioned to 
review local policies to ensure strictest compliance.

51.6.2.5  Review Process

Institutions will have a broad range of how the review pro-
cess is conducted. The investigator and research administra-
tion should review local policies to ensure that they are met. 
The federal regulations have basic requirements regarding 
how each review is conducted. These are discussed in this 
section.

Initial Review

The initial review will likely be the most intensive process 
over the course of a project. A working knowledge of local 
policies and federal regulations should enable an investigator 
and research team to have a more positive experience. 
Research administration should be involved early in this pro-
cess to allow for a more streamlined submission. The com-
pliance coordinator within research administration should 

also be in contact with the grants/contracts manager to ensure 
that there will be an organized approach to begin the study. It 
is incredibly frustrating and much time is lost for all involved 
if these considerations are not made before IRB approval is 
obtained.

Continuing Review

Federal regulations require that research be reviewed no less 
than once a year. Review may be required by the IRB at 
greater intervals throughout the year based on the degree of 
risk in the study (8, 9). This must be closely monitored by the 
investigator and/or research administration since research 
must not proceed unless it has been approved by the IRB. 
Typically, researchers rely on the IRB for notices that the 
study will expire. However, the investigator is ultimately 
responsible for monitoring this date and submitting the con-
tinuing review documents per local policy.

51.7  Conclusions

The design, conduct, and supervision of clinical research tri-
als in the early twenty-first century American medical set-
ting are increasingly complex processes. With increasing 
awareness that clinical trial outcomes must focus on clini-
cally significant, rather than surrogate, outcomes, the need 
for larger multi-site extramurally funded studies is becoming 
more apparent. The administration of such studies requires 
careful attention to research personnel administration, care-
ful and thorough financial accounting and appropriate timely 
approval mechanisms. Institutions committed to long-term 
sustainable research programs will need to develop research 
infrastructures capable of proactive administration. This 
chapter provides guidelines for infrastructure development 
as well as specific examples from the authors’ institution.
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Abstract While exposure to research techniques is a standard 
component of the training of most physicians and laboratory 
directors, the progressive migration of reproductive medi-
cine clinics away from academic institutions and into private 
practice has decreased the exposure and involvement of 
many clinicians and laboratory technicians away from clini-
cal or basic science research studies. This chapter explores 
the benefits of implementing research into reproductive 
endocrinology clinics and laboratories. Benefits may include 
the development of a broader clinical knowledge base, 
enhanced reasoning skills, and improved career satisfaction. 
The inclusion of research in a clinical practice can proceed 
in a prudent and measured manner consistent with the aims 
and assets of the practice. Simple initial tools include journal 
clubs and focused study, and the use of an invaluable tool, 
the quality assurance program. Clinicians can establish col-
laborative relationships with basic scientists by providing 
careful characterization, documentation, and organization of 
records for patients (phenotyping) and by providing relevant 
clinical insights. The benefits of participation in research 
studies are available to all clinical practices by the careful 
assessment of resources and sustained commitment to the 
endeavor.

Keywords Research • Quality assurance • Collaboration • 
Journal club • Phenotyping • Collaboration

52.1  Introduction

Most clinicians have participated in research at some point 
during their education and training. For many, their experience 
in research involved retrospective chart reviews to evaluate a 
clinical practice outcome. For others, the research may have 
involved a randomized evaluation of a novel drug therapy, or 

perhaps even a basic science study characterizing a specific 
pathological cell type. Regardless of the type of research 
performed, the researcher was introduced to basic practices of 
research, such as a thorough literature review, careful design, 
critical observation and data analysis, and integration of data 
into a cogent theory for further testing [1].

Most agree that research is important, and that the prin-
ciples learned doing research are of benefit in clinical practice. 
Historically, reproductive endocrinology and infertility is a 
subspecialty in which most clinicians were actively involved 
in research, especially during doctoral or specialty training. 
However, in recent years, the treatment of infertile couples 
has tended to move away from large academic research insti-
tutions and into private practices, therefore, many within our 
industry have lost impetus and resources necessary for 
research [2–4]. Nevertheless, the potential benefits of being 
a clinician researcher exist independent of the practice struc-
ture [5–7]. This chapter will comment briefly on the reasons 
for integrating research into a clinical practice and focus on 
a few key ideas and methods for undertaking the integration 
of research into a busy clinical practice.

52.2  Benefits of Integrating Research  
into a Clinical Practice

In order for research to succeed in a clinical practice, it must 
be a priority. Several negative criteria can preclude making 
research a priority but can usually be narrowed down to two 
major factors, cost and time. The financial and time expenses, 
along with the potential emotional expense involved in 
performing research, are real and should not be ignored 
[5, 8]. However, the benefits of research are also real and 
may outweigh the negative factors. Therefore, a careful 
consideration of the benefits of research to an individual and 
practice is important. Some of the common benefits of active 
participation in research are listed in the following section. 
Individual clinics will undoubtedly have unique benefits in 
addition to those listed.
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52.2.1  An Improved Knowledge  
Base and Critical Thinking Skills

Perhaps, the greatest benefit of integrating research into a 
clinical practice is to improve your knowledge base and 
critical reasoning skills by evaluating evidence from the 
literature and from your own studies. This process, termed 
evidence-based practice, has been shown to improve clinical 
decision making ability [9, 10]. Evidence-based clinical 
practice has been emphasized as an essential means of 
improving patient care, and consists of obtaining and criti-
cally evaluating the evidence presented by other clinicians 
and researchers and integrating it with your clinical expertise 
and your patients’ preferences in order to provide the most 
effective form of clinical practice [11]. Although many 
studies have consistently demonstrated improved patient 
outcomes when evidence-based medicine is practiced, a 
relatively small percentage of clinical practices have 
integrated evidence-based techniques [12]. One reason is 
the lack of experience and skill in acquiring and critically 
evaluating evidence.

Research, at its core, is the development of critical 
reasoning. From an initial observation to review of the 
relevant literature, critical analysis and reasoning are 
necessary. The formulation of a hypothesis and the design 
of a relevant study require logic and insight. Careful 
analysis of data and interpretation of the data to obtain 
correct conclusions are the heart of critical thinking and 
evidence-based medicine. Therefore, while participation 
in research is not essential to acquiring critical reasoning 
skills, it facilitates the process. It is likely that the devel-
opment and continued nurturing of critical thinking skills 
among the staff of any practice is improved through 
participation in research projects, and may be useful in 
avoiding and identifying errors and developing better 
techniques and policies [13].

52.2.2  Improved Job Satisfaction

Most clinicians choose to become clinicians because of the 
rewards of assisting patients and enjoy providing patient 
care, but variety in daily routine is almost always beneficial 
to improving attitude. Research not only provides variety, 
but also helps illuminate daily routines from new angles. The 
spark of insight gleamed from a recent study, or the idea for 
a new study, can change a routine clinical consultation from 
mundane to exciting. Additionally, pride in the knowledge 
that you have contributed to better care of patients both 
within your practice and outside is a positive and rewarding 
experience.

52.2.3  Service to Patients and Community

Although several selfish reasons exist to do research, altruistic 
reasons also exist. Perhaps, the strongest altruistic reason to 
commit resources to research is the belief that we as clini-
cians have a debt to our patients to not only distill therapy, 
but to also improve therapies. Inherent in that belief is an 
understanding that we all have individual skills and assets to 
contribute. While the drive for profit or the constraints of 
resources may dim such an altruistic desire, altruistic motives 
should be encouraged and nurtured. Research to benefit the 
community has been considered an essential part of medical 
practice and should be an aim of all clinicians [5, 14, 15].

52.3  Tools to Implement Research  
into a Clinical Practice

52.3.1  Review the Literature

For most researchers, the study of relevant scientific or 
medical literature is the key stimulus in the development of 
questions that lead to research studies. Research is always 
built on the foundations set by prior studies, and nearly every 
study sets the stage for further studies. Most research reports 
specifically discuss further study options and questions, but 
reading and thinking should also stimulate novel questions 
and insights based on your personal experience and interests.

Relevant literature not only includes journals specific 
to your field, but should also include periodic review of 
broad based journals such as Nature, Science, or the New 
England Journal of Medicine, which may stimulate ideas for 
translating cutting edge techniques into your specific field. 
Several online resources are available to help in focusing 
study efforts, such as Pubmed, Scopus, Biowizard, and 
others [16, 17]. These services allow customized searches 
and immediate access to abstracts, and in some cases, full 
research reports. Additionally, some services perform regular 
searches of keywords and electronically send relevant reports 
to your email.

52.3.2  Discuss Ideas with Colleagues

Regular discussion of ideas and questions with a colleague is 
invaluable in broadening your scope and perspective regarding 
ideas and can stimulate practical ideas for study. Indeed, many 
agree that often more is learned at society meetings during 
casual hallway or dinner conversation than during formal 
sessions of the meeting.
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One recent aid in stimulating conversation is online dis-
cussion forums, such as “Embryomail” and “Androlog”. These 
online forums are available to share ideas, questions, and proto-
cols and may help pinpoint areas of critical need in which you 
may have an interest and/or ability to contribute to the knowl-
edge. Additionally, vendors of laboratory supplies, instruments, 
and medicines can be a resource for practical information and 
often distribute useful literature that may be of benefit in educat-
ing staff in both the specific topic and in the general skill of criti-
cal reading and interpretation of data. Vendor literature may 
describe a new tool that has not previously been applied to your 
field, but could yield immediate useful information.

52.3.3  Involve Staff in a Journal Club

Journal clubs vary in format and intensity, but can be benefi-
cial to all clinicians [18]. Historically, journal clubs were 
generally established to review literature and keep clinicians 
abreast of advances reported in the one or two journals rele-
vant a particular field. However, the explosion of studies 
reported in dozens of journals relevant to reproductive medi-
cine makes the goal of keeping up with all literature nearly 
impossible. Therefore, some journal clubs have evolved into 
a tool for evaluating specific topics, rather than journals. 
Topic-based study may lead to study of topics for improved 
patient care, questions to explore through the clinic’s quality 
assurance program, or areas of transitional research in which 
the clinic may design relevant clinical studies.

Journal clubs are invaluable in educating staff on the 
differences in well designed research and poorly designed 
studies, defects in interpreting data, the importance of validating 
studies, and in short, the importance of critical thinking 
skills. Indeed, one of the first lessons learned in journal clubs 
is that “not all studies are created equally.” This lesson not 
only teaches the importance of critically evaluating studies, 
but may inspire the implementation of the same principles 
into daily responsibilities.

Implementation of a few key principles can improve the 
quality of any journal club [19]. Successful journal clubs are 
built on the foundation of an atmosphere of open dialogue, 
without belittling or criticism of questions and comments. 
Diversity in the make-up of the journal club is important in 
stimulating creativity and broad views, therefore, it may be 
of benefit to include nurses and laboratory technician in a 
common journal club, a tool which may also stimulate team 
unity. Consistency is paramount, and providing incentives, 
like food, may initially help in prioritization of the meeting 
in the mind of staff. The main objective of a journal club 
should be to stimulate questions, such as “Why do we it this 
way?” and “would this technique be a better way of doing 
it?” These are the foundations of clinical research.

52.3.4  Evaluate Your Situation and Utilize 
Your Assets

Just as it would be imprudent for a sedentary person to 
attempt to run a marathon without prior training, it is impor-
tant that the researcher carefully evaluates available assets 
and priorities and plans research contributions with pru-
dence. Assessment of assets includes personnel skills and 
work loads, available physical facilities, monetary issues, 
and the availability of reference and support agencies, such 
as biostatistical support, institutional review boards, and core 
laboratories that can assist [20].

It is important to realize that the most valuable research 
resource that most clinicians possess is a study population. 
Clinicians generally have populations of highly phenotyped 
patients that are key to basic and translational research studies. 
Therefore, a common and prudent approach is to begin the 
research process by enhancing the phenotyping (clinical char-
acterization) documentation of patients and implementing an 
effective means to retrieve patients with desired phenotypes 
for future studies. Such improved documentation and data 
management procedures usually have direct clinic benefits in 
addition to facilitating research. In the laboratory, similar 
efforts may include coding of surplus tissue and banking the 
tissue for future studies. Tissue banking requires patient 
consent and Institutional Review Board (IRB) oversight 
(see Chap. 53), but is invaluable to future studies.

52.3.5  Delegate

Most clinicians are extremely busy and unable to devote 
large amounts of time to research. Effective delegation can 
maximize time usage from all staff to accomplish otherwise 
impossible projects. Additionally, delegation to staff can 
improve job satisfaction by increasing variety and team unity. 
However, delegation requires organization and accountability 
to be effective.

One technique our clinic has employed is to delegate 
responsibilities not only for certain research projects, but 
also for attendance of certain meeting presentations, ongoing 
literature reviews, journal clubs, databases, etc. An especially 
motivating tool is to send a clinical employee to a symposium 
or training course to learn a technique for which that person 
will be the “resident expert.”

52.3.6  Use Your Quality Assurance Program

Current regulations require that laboratories and clinical 
practices implement quality assurance programs [21]. A quality 
assurance program is essentially a method to ask relevant 
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questions about the efficacy of practice, measurement of 
outcomes, and evaluation of the data to revise and improve 
clinical care. It is readily apparent that the quality assurance 
process mirrors research methodology. More importantly, 
the quality assurance program lends itself as a tool for initiating 
clinical research studies [22]. For example, if routine 
monitoring of embryo transfer results demonstrates a consis-
tent difference between the outcomes of two physicians, 
differences in techniques can be determined and studied. 
Such internal quality assurance may evolve into a useful 
clinical study of significant benefit.

52.3.7  Build on Small Successes

Nothing is more discouraging than failure, and success drives 
further success. Those two maxims should always be remem-
bered while establishing a research program. When you have 
identified your assets, it is best to begin with simple, achiev-
able projects. Then, minor successes should be lauded and 
built upon. Waiting to celebrate or extol an effort until a 
“major” paper is published may discourage personnel and 
impede the progress of the project.

52.3.8  Collaborate

Successful research programs are founded on the premise of 
collaboration. While important studies can be accomplished 
within a small clinical lab, refusal to collaborate limits the 
scope and quality of most studies. This is due to the fact that 
as a clinical researcher identifies a topic of interest and 
assesses their assets, the determination may be made that 
the clinic lacks the tools, patient volume and/or laboratory 
skills, to study the question at a high level of quality. 
Additionally, collaborative relationships may foster mentor-
ing of the less experienced researcher [23]. The step to 
collaboration may require a higher level of commitment, 
and sometimes a leap of faith, but it is usually rewarded 
with a better outcome.

Two specific suggestions may be beneficial in facilitating 
collaboration. First, evaluate the research interests of faculty 
at local universities to identify possible areas of overlap. 
This can usually be done using online resources from the 
university, but can also be taken further by visiting with a 
faculty member or attending seminars to acquaint yourself 
with others. If local resources are not available, expand to 
national or international resources. These resources are 
usually available at society meetings or can be identified 
through online searches. As mentioned earlier, it is important 
to realize that as a clinician you are valuable to a basic scientist 

because you can provide patients/tissues that are properly 
phenotyped and/or valuable clinical insights.

A second suggestion is to consider increasing the power 
of your study by joining multi-center studies. Multi-center 
studies are often necessary to obtain statistical power, and 
are generally better trusted than small studies from one site. 
While national collaborative groups are available, such as 
the Reproductive Medicine Network or the Tyho Galilleo 
Research Group, most collaborations are formed during 
informal discussions. Such collaborations are generally 
rewarding in both the quality of research, and the relation-
ships established.

52.3.9  Establish a Research-Oriented Team

Nothing will facilitate clinical research as much as instilling 
within the staff the importance of research, and maximizing 
their desire to participate. Within our clinical Andrology and 
IVF laboratories, we specifically attempt to instill a “spirit of 
research” by insisting that each employee be involved in at 
least one research study, including medical assistants and 
clerical staff. Each employee has skills of meaningful help to 
a study, and participation is expected. Several techniques can 
help, including, as discussed earlier, the consistent holding 
of journal clubs and attendance of national and regional 
meetings. However, the most beneficial tolls, in my opinion, 
are the establishment of the expectation of research partici-
pation and the rewarding of successes. Rewarding of 
successes usually involves acknowledgement of progress, 
and ultimately of publication, verbally in private or at group 
meetings, but may include celebratory lunches or other 
creative awards recognizing their efforts.

It is usually helpful to consider the potential research 
abilities and emphasize the expectation of research participa-
tion before hiring staff applicants. Discussing research during 
the interview process not only aids in selecting employees 
with useful skills, but also sets a tone of the importance of 
research prior to hiring. It may be helpful to specifically consider 
individuals with prior experience, such as clinical research 
coordinators or graduate level students. Personnel with expe-
rience in the process of working with IRB committees and 
data management may be of particular assistance.

52.3.10  Consistently Monitor Progress

Accountability is critical in any group project, and careful 
monitoring of research progress should be consistently 
performed. Group research reports are critical, either in a 
dedicated research meeting or as part of a general staff meeting. 
Additionally, a list of ongoing studies and responsible 
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personnel should be placed in suitable work areas for 
constant reinforcement. Lastly, individual reminders and 
discussions are necessary to reinforce the importance of the 
project and resolve hurdles. The essential principle is that 
continued monitoring aids in adding emphasis of importance, 
in addition to helping with general logistical factors.

52.3.10.1   Make it Fun

The adage that everything is easier if you make it fun is 
certainly true for research. Making research fun requires 
creativity and customization. One method our laboratory has 
employed is to implement debates on controversial subjects. 
Such debates develop reasoning skills and familiarity with 
the available literature, but sometimes cross into the realm of 
entertainment as the debaters imitate internationally known 
proponents of a given position. Another idea we have imple-
mented is to encourage the historical perspectives and human 
aspects of a given study and the researchers involved. 
Humanizing science can not only make it more interesting, 
but also help in understanding the reasons for some current 
situations. Lastly, for large, group-related aspects of research, 
such as the goal of recruiting a given number of participants 
to a study, it is suitable to plan a celebration for the achievement 
of the goal. Celebrations of publications and grants are common, 
but in establishing a research program in a nontraditional 
setting, such as a clinic, celebrating smaller accomplishments 
may be helpful in building inertia.

52.4  Conclusions

Developing a research program within a clinical setting is 
difficult and requires consistent emphasis. However, the 
benefits can be useful in improving staff morale and raising 
the quality of clinical performance. Creativity and consistency 
in implementing the principles discussed earlier can assist 
any clinic in developing a research program.
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Abstract The successful assisted reproductive therapy (ART) 
clinic may wish to support the altruistic nature of medicine with 
the endeavor of advancing emerging technologies and patient 
care through clinically related research. Clinical research is quite 
common in academic medicine, but can also be of great benefit 
to private practitioners. Indeed, the private practice has a unique 
environment and viewpoint that may not be present in academic 
medicine. Additionally, human reproductive tissues that are 
unsuitable for ART use or no longer desired by the patient are 
often used for training personnel in the IVF laboratory or even 
for diagnostic testing. Therefore, it is likely that all ART clinics 
are affected by regulations regarding the oversight of human 
research and/or tissue storage. This chapter will give insight 
into establishing a reasonable method of procurement, storage, 
and tracking of such tissues. Because an ethics committee must 
oversee all research involving human subjects, a role most often 
filled by a local institutional review board (IRB), we will discuss 
how to work with and submit research proposals to the IRB. The 
maintenance and coding of stored tissues is also discussed, as it 
is also mandated under the Code of Federal Regulations.

Keywords Research regulation • Informed consent • Institu
tional review board • Tissue banking

53.1  Background

53.1.1  The Ethics Committee for Medical 
Research

53.1.1.1  Establishment of Federal Regulations

There are three main federal regulations covering biomedical 
research that relate to patient consent and ethical treatment 

of individuals within that setting. The Federal Food, Drug, 
and Cosmetic Act of 1938 (Public Law 75717) covers the 
use of medical devises and therapeutic goods. The “Common 
Rule,” of 1991 (U.S. Code of Federal Regulations 45CFR 
Part 46) provides for Institutional Review Boards (IRBs) and 
gives direction on what can take place as medical research. 
Lastly, the Health Insurance Portability and Accountability 
Act (HIPAA) of 1996 (Public Law 104191, 45CFR Parts 
160 and 164) addresses confidentiality of personal informa
tion in health care, including research.

These regulations provide a structure under which the 
tradeoff between good medical practice, the wellbeing of 
the patient, and continued medical advancement is weighed. 
The weight of this debate still falls on the shoulders of the 
ethics committee reviewing the procedures and ultimately 
the clinician treating the patient and contributing to the 
research. For this reason, this chapter will give details on 
how to work within the governmental regulations and sup
port the advancement of science.

53.1.1.2  Definition/Description of an Ethics 
Committee (The IRB)

The U.S. Office of Human Research Protections (OHRP) is 
the federal oversight body for assurance of compliance to the 
Code of Federal Regulations (CFR) 45, part 46, which stipu
lates the review of all research conducted involving human 
subjects. This mandate is achieved, in part, by local medical/
ethical review boards, which are referred to as institutional 
review boards (IRBs) by the OHRP. The IRB has become a 
common term at most universities and medical centers 
around the U.S. The functioning review board does not have 
to carry this title, but must maintain the required standards 
described in the CFR. The OHRP has a very useful website 
(http://www.hhs.gov/ohrp/) with FAQ pages and copies of 
the relevant CFRs.

The review board is structured to contain at least five 
members with a diverse outlook on biomedical research. The 
review board, whenever possible, should contain members of 
both sexes. The members are to be chosen based on their 
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ability to address issues of diversity (including race, gender, 
and cultural background), their sensitivity to community atti
tudes, expertise, and experience in dealing with issues of 
local and national law and resources of the institution con
ducting the research.

The CFR also requires that the board be well balanced in 
its membership. All members cannot be from the same type 
of occupation. One member should be from the community 
at large without any relationship to the affiliated institution. 
One member should be a scientist and one member is needed 
who is not involved with biomedical research or scientific 
research in general. The review board is allowed to have pre
approved alternates to fill vacancies, invite competent pro
fessionals for expert opinion on protocols (these gests are not 
allowed to vote on the presented protocols), or invite the 
principal investigator to inform the review board in more 
detail. If any member of the board has a conflicting interest 
in the research, an approved alternate must replace them for 
review of the given protocol. Any one member may fill more 
than one of the diversity requirements, but the board must 
still consist of five members.

The charge of the review board is outlined in CFR 45 part 
46.111 (Table 53.1). These guidelines help to ensure that the 

research being performed is first and foremost, safe for the 
participants and equitable to the local community. Additionally, 
guidelines require that the potential participant be well 
informed of the purpose, risks, benefits, and impact of the 
research on them, and the benefits gained by society as a 
whole.

53.2  Finding and Choosing an Institutional 
Review Board

Any academic institution that receives funds from the 
National Institutes of Health is required to operate an IRB 
for approval of medical research as mandated by CFR 45. 
Therefore, clinicians who are operating under the umbrella 
of a major university have an IRB functioning inhouse. For 
those in private practice, or even adjunct to a university, finding 
a private notforprofit review board may be a more feasible 
option. There are several national agencies operating in major 
metropolitan areas that are available.

A word of caution is warranted. Finding a reputable 
review board agency is paramount. The collapse or unprofes
sional behavior of a contracted oversight body will cause 
endless problems with not only reestablishing your proto
cols and patient consents, but is likely to effect the confi
dence of your patients and referral base. For this reason, it is 
suggested that investigators use an IRB from the registered 
list at the United States Department of Human Services, 
Office for Human Research Protections (OHRP). The OHRP 
maintains a searchable database at http://ohrp.cit.nih.gov/
search/asearch.asp.

53.3  The Application Process

53.3.1  What to Expect in Submission

Upon locating and registering with an IRB, one must then 
start the application process. The typical review board will 
have a standardized format for submission. The submission 
forms will include detailed instructions for completing the 
paperwork and guidelines for determining the type of con
sent that should be proposed for the study procedure. The 
forms will ask for disclosure and description of:

1. The type of study (clinical drugs, medical devices, basic 
science studies, genetic analysis)

2. The type of participant (minors, women, minorities, men
tally disabled, prisoners, at risk groups, age range, etc.)

3. Will exclusion/inclusion criteria be used (height/weight/
diagnosis)

Table 53.1 Charge of the Institutional Review Board (adapted from 
45CFR46.111)

1. Risks to subjects are minimized: (a) By using procedures which are 
consistent with sound research design and which do not unnecessarily 
expose subjects to risk, and (b) whenever appropriate, by using 
procedures already being performed on the subjects for diagnostic 
or treatment purposes.

2. Risks to subjects are reasonable in relation to anticipated benefits, if 
any, to subjects, and the importance of the knowledge that may 
reasonably be expected to result. In evaluating risks and benefits, 
the IRB should consider only those risks and benefits that may 
result from the research (as distinguished from risks and benefits of 
therapies subjects would receive even if not participating in the 
research). The IRB should not consider possible longrange effects 
of applying knowledge gained in the research (for example, the 
possible effects of the research on public policy) as among those 
research risks that fall within the purview of its responsibility.

3. Selection of subjects is equitable. In making this assessment, the 
IRB should take into account the purposes of the research and the 
setting in which the research will be conducted and should be 
particularly cognizant of the special problems of research involving 
vulnerable populations, such as children, prisoners, pregnant 
women, mentally disabled persons, or economically or education
ally disadvantaged persons.

4. Informed consent will be sought from each prospective subject or 
the subject's legally authorized representative, in accordance with, 
and to the extent required by CFR 46.116.

5. Informed consent will be appropriately documented, in accordance 
with, and to the extent required by CFR 46.117.

6. When appropriate, the research plan makes adequate provision for 
monitoring the data collected to ensure the safety of subjects.

7. When appropriate, there are adequate provisions to protect the 
privacy of subjects and to maintain the confidentiality of data.

http://ohrp.cit.nih.gov/search/asearch.asp
http://ohrp.cit.nih.gov/search/asearch.asp
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 4. How many patients will be approached
 5. What is the maximum and minimum number of enrollees
 6. What is the scientific justification for the number of 

participants
 7. How will the data be analyzed
 8. Who will have access to the data and how will access be 

restricted
 9. Who is responsible for maintaining the records of con

sent and participation and tissue procurement
 10. What are the qualifications of those involved in the 

research protocols
 11. What type of protocols will be used for sample procure

ment (patient interventions)
 12. What type of protocols will be used for analysis
 13. Where will the study and patient intervention occur
 14. Who will inform the patients (potential enrollees or 

study participants) of the proposed research
 15. Who will consent them for participation and do the 

investigators have any conflict of interest with the study 
protocol or outcome of the study itself

 16. What is the clinical relevance of the study
 17. A description of how the benefit of the study (either 

directly to the patient or to society) outweighs the risk to 
the patient (relative risk assessment)

 18. How is the project funded (internal funding or extramural 
resources) and

 19. Is there a financial burden or reimbursement for the 
study participant?

In addition to the line item description, the review committee 
will require a protocol summary. The summary will include 
a background, study objectives, study design and procedure. 
These items are in the format of a typical grant submission, 
but the details included maybe less than what is required for 
a typical grant.

To determine how much information is needed, one must 
try to put themselves in place of the review board members. 
The key is to be able to readily see the risk to benefit ratio, or 
relative risk, and discern what the expected outcomes are and 
how they benefit both the patient and society as a whole must 
be clear in the proposed document. In some cases, the inter
vention may be minor, and it is easy to see the patient benefit. 
Other research, especially when gametes and embryos are 
used (due to the politically and morally charged nature of 
research involving gametes, embryos, and embryonic stem 
cells), may be less obvious and need more background or 
justification to grasp the relative risk of the research. It is 
important to remember that many of those serving on the 
review board are not scientists, and it is unlikely someone on 
the board is familiar with the kind of work being proposed. 
The easier the protocol is to read and the less background 
work the reviewer has to do independently, the quicker the 
turnaround on the review will be. Saving time and resources 

is always of paramount concern. Most review boards will 
have a posted schedule. Timing your submission and return
ing your revisions in a timely fashion will also reduce down
time. Lastly, the submission will include a draft of the consent 
document. The specifics of this document are not addressed 
here, but are discussed in detail below.

After the initial submission to the review committee and 
review by either the full committee or expedited review, the 
protocols, and consents will be returned with revisions 
requested to clarify the study procedures, refinement of the 
consent documentation and procedures and possibly addi
tional justification for conducting the study.

53.3.2  Informed Consent

53.3.2.1  Overview

The first issue of informed consent is to determine when con
sent is needed. The answer is always [1–3]. Unfortunately, 
obtaining consent is not always possible. One case in point, 
following good quality control and quality assurance prac
tices may yield an interesting perspective and be worthy of 
dissemination to the medical community. Such retrospective 
chart reviews and data analysis protocols should be proposed 
to the IRB for review, but may pose little to no risk to the 
patient, therefore not requiring written consent. It is impera
tive to remember that this judgment of exemption should not 
be made by the investigational team, but proposed to the IRB 
for an impartial evaluation.

The exemption from consent is regulated under the FDA 
set forth in 45CFR 46.116(d); An IRB may approve a con
sent procedure which does not include, or which alters, some 
or all of the elements of informed consent set forth in this 
section, or waive the requirements to obtain informed con
sent provided the IRB finds and documents that:

 1. The research involves no more than minimal risk to the 
subjects

 2. The waiver or alteration will not adversely affect the 
rights and welfare of the subjects

 3. The research could not practicably be carried out without 
the waiver or alteration; and

 4. Whenever appropriate, the subjects will be provided with 
additional pertinent information after participation.

It is important for researchers in assisted reproductive tech
nology (ART) to remember that any type of research using 
human gametes, embryos, or embryonic stem cells is held 
to a higher standard due to the moral stigma tied to repro
ductive tissues and embryos [4–6]. Additionally, the use of 
embryos or gametes retrieved from oocyte and sperm 
donors should be consented for use by both the intended 
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parent and the donor [7]. Education of the patients and the 
community at large will likely increase the acceptance of 
such research protocols, allowing the important work of 
understanding early gametogenesis, the developmental pro
cesses, and realization of embryonic stem cell potential.

53.3.2.2  Consent Document

The content of the consent document is required to contain 
several key components, as directed by the Code of Federal 
Regulations, 45CFR.46.116 (Table 53.2). In addition to these 
items, the review board will look for readability of the docu
ment. The investigator should also be aware that the review 
board may also have exact phrases that must be present in the 
consent document for their approval, check with the IRB that is 
reviewing to find out more about such statements. In most 
cases, the content should be readable and understandable by a 
person with an eighthgrade education. In drafting the docu
ment, one may wish to use the Fry’s Readability Scale to deter
mine how complex the text is, many online tools are available 
through the use of an online internet browser [8]. The resource 
will indicate the grade level of the text. Unfortunately, using  

the readability scale only factors such as the length of the words 
and sentences can be considered. Using the readability scale 
will not:

 1. Indicate how complex the ideas are
 2. Whether or not the content is in a logical order
 3. Whether the vocabulary is appropriate for the audience
 4. Whether there is a gender, class or cultural bias
 5. Whether the design is attractive and helps or hinders the 

reader, or
 6. Whether the material appears in a form and type that is 

easy or hard to read.

Consideration of these six points and the Fry’s Readability 
Scale allows the document to be better understood by all 
those who are to be consented. By no means will the consent 
document stand alone without discussion of the consent by 
the informing or consenting member of the medical team. 
The patient must be able to ask questions and have any portion 
of the document clarified by the presenter.

Lastly, the document must contain space for signature of the 
patient(s) consenting to the protocols contained therein, the con
senting individual, and when the consenting individual is to be 
blinded from the enrollment, a witness to the patient’s signature. 

Table 53.2 Information to be included in the informed consent document (adapted from 45CFR.46.116)

 1. A statement that the study involves research.
 2. An explanation of the purpose of the research, an invitation to participate and explanation of why the participant was selected, and the 

expected duration of the participant's participation.
 3. A description of procedures to be followed and identification of which procedures are investigational and which might be provided as 

standard care to the participant in another setting. Use of research methods such as randomization and placebo controls should be explained.
 4. A description of any foreseeable risks or discomforts to the participant, an estimate of their likelihood, and a description of what steps will be 

taken to prevent or minimize them; as well as acknowledgment of potentially unforeseeable risks.
 5. A description of any benefits to the participant or to others that may reasonably be expected from the research, and an estimate of their 

likelihood.
 6. A disclosure of any appropriate alternative procedures or courses of treatment that might be advantageous to the participant.
 7. A statement describing to what extent records will be kept confidential, including examples of who may have access to research records such 

as hospital personnel, the FDA, and drug sponsors.
 8. For research involving more than minimal risk, an explanation and description of any compensation and any medical treatments that are 

available if participants are injured through participation; where further information can be obtained, and whom to contact in the event of 
researchrelated injury.

 9. An explanation of whom to contact for answers to questions about the research and the research participant's rights (including the name and 
phone number of the Principal Investigator (PI)).

10. A statement that research is voluntary and that refusal to participate or a decision to withdraw at any time will involve no penalty or loss of 
benefits to which the participant is otherwise entitled.

11. A statement indicating that the participant is making a decision whether or not to participate, and that his/her signature indicates that he/she 
has decided to participate having read and discussed the information presented.

When appropriate, or when required by the IRB, one or more of the following elements of information will also be included in the consent 
document:

 1. If the participant is or may become pregnant, a statement that the particular treatment or procedure may involve risks, foreseeable or 
currently unforeseeable, to the participant, or to the embryo or fetus.

 2. A description of circumstances in which the participant's participation may be terminated by the investigator without the participant's 
consent.

 3. Any costs to the participant that may result from participation in the research.
 4. The possible consequences of a participant's decision to withdraw from the research and procedures for orderly termination of participation.
 5. A statement that the PI will notify participants of any significant new findings developed during the course of the study that may affect them 

and influence their willingness to continue participation.
 6. The approximate number of participants involved in the study.
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There may also be additional stipulations from the IRB, when 
minors are to participate in the research protocol.

53.3.2.3  Who Should Consent the Patient and When?

The patient consent process begins with, as does consent for a 
medical procedure, a disclosure of the risks and benefits 
involved in the donation of time, personal medical informa
tion, and body tissue and/or fluids [9, 10]. It is often difficult to 
choose the right person to consent patients for medical 
research. The American Society of Reproductive Medicine 
(ASRM) guidelines stress that the primary caregiver should 
not obtain consent for embryo donation [5, 6]. The rationale 
behind the ASRM guideline lies in which patients may con
sent to research and they would not otherwise agree with if 
they feel their reproductive endocrinologist is depending on 
them to donate. Removing the primary caregiver from the con
sent process avoids this pressure on the patient and may also 
remove the caregiver from some conflict of interest. If the 
treating physician is not involved in the research, this may help 
to ensure that the consent of the patient is truly voluntary.

Another option is to have the laboratory director or a scien
tist involved in the research consent the patient. This is often a 
feasible option, but special attention should be paid to the abil
ities of the presenter. Whereas, the embryology team that often 
has experience in speaking with patients, likely competent in 
the basic science, may be a useful resource. Although, be cau
tious of researchers who are not part of the patient’s clinical 
care or basic scientists who are not trained in patient interac
tion. A poorly conducted research consent is likely to cause 
undue stress to the patient who will be put off by the experi
ence and lose faith in the treating clinics professionalism.

Whereas, the physician is often considered by the patient 
as a reliable source of information, and the most effective 
protocol may be to have the treating physician inform the 
patient of the research, then leave the signing of the consent 
to be witnessed by the support staff. The treating physician is 
then unaware of the consent status. This ensures that the 
patient is properly informed; the patient is assured that his or 
her wellbeing is foremost in the clinic and potential social, 
and scientific benefits are not lost.

The highly emotional nature of medical treatment in general, 
and specifically ART, also introduces constraint as to when it 
is a ppropriate to consent patients for donation. For the 
researcher, it is optimal to have consent prior to starting an 
in vitro fertilization (IVF) procedure, so gametes and embryos 
may be collected in a timesensitive manner. The shortcom
ing of consenting at the onset of this extended procedure is 
that the attitude of the patient towards the embryos and col
lected gametes may change as they experience the collection 
of oocytes and the creation of their embryos. Consenting only 
once at the beginning of treatment may make the patients feel 

as if they made their decision without fully understanding the 
implications of donation, later regretting the consent and even 
perceiving they were unfairly treated or even coerced into 
participation. For this reason, consent may need to be reaf
firmed during the treatment period.

53.4  Patient Privacy and Sample Storage

53.4.1  Sample and Medical Record Coding 
and Protected Health Information (PHI)

HIPPA does indeed cover samples retrieved from research 
participants and must be addressed during the consent proce
dure, as noted above. After samples have been donated to 
research, they must be tracked meticulously in order to pre
serve patient privacy and the fidelity of the research. Random 
number generator for sample coding is an excellent method 
for coding materials. This device can be found online through 
a basic internet searching tool or built into a secured database 
for sample storage and inventory control.

Coding samples is a necessity, but complete deidentifica
tion of material is not always the best option. There are con
tingencies that may require the investigator to track the 
samples back to the donor. The results may be of clinical 
significance or the investigator may need to contact the donor 
to validate results, ask for familial data, or verify the sample 
has been appropriately tested prior to using derived cell lines 
or products for clinical use with another patient; embryonic 
stem cells are of particular interest in this regard.

The principal investigator or research coordinator should 
maintain linked identifiers with limited access. An alterna
tive to maintain the linked identifiers is to retrieve all perti
nent data at the time of tissue collection, remove all PHI and 
link the coded data to the collected samples. This may be an 
option for much of the research performed. It is suggested 
that only the necessary information be collected for the 
research to proceed and then to disseminate only the perti
nent information to collaborators, thus reducing the potential 
for breach of the federal mandate and loss of standing in the 
medical community and possibly the community at large.

These types of assurances are even more difficult to main
tain in the current age of digital media storage and huge data
sets that are only manageable through computerization. The 
review board often requires the use of secured servers main
tained by certified professionals. The flipside is that these  
digital systems can afford increased ease of sample tracking.  
A welldesigned sample storage database can save valuable 
time and resources. Turnkey systems are available for a pre
mium price, but an inhouse system designed through a simple 
database engine may very well be sufficient for most users.
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53.5  Summary

The regulatory mandates put into place by the federal 
govern ment are truly daunting when taken all at once. The 
consolation is that with proper preparation and close com
munication with your local review board, the regulations 
can be easily met. The patient will then be well cared for 
and, as has been the case, medical research will continue 
forward. Table 53.3 contains additional reading sugges
tions for those who wish to delve further into the inner 
workings of the review process and establishment of the 
current law.
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Abstract This chapter is very different from the other 
chapters in this book. Rather than addressing specific repro-
ductive endocrinology and infertility diagnostic and thera-
peutic needs and situations, it is intended to help clinicians 
who come up with ideas that have the potential to improve 
the practice of reproductive endocrinology and infertility 
translate those ideas from bench to bedside.

Keywords Invention • commercialization • Technology 
transfer • Intellectual property • Patents • Copyrights • 
Trademarks • Trade secrets and mask works

54.1  Technology Transfer

Technology transfer means the transfer of a technology from 
one party to another. So, when for example Hewlett Packard 
or IBM establishes a factory in Singapore or Bangalore to 
manufacture a product developed in the US, it involves a 
transfer of technology, from one country to another, but gen-
erally the technology stays within the same company.

In the US, however, the term “technology transfer” has 
come to mean the transfer of a technology developed at an 
academic institution, often with federal or philanthropic 
funding, to a company which can secure the necessary private 
funds to develop the technology, secure any necessary regu-
latory or standards approvals to market the product and then 
manufacture and bring the product to market.

Academic institutions have developed offices and 
resources of varying degrees of sophistication to facilitate 
this process, which we will discuss later.

54.2  A Brief History of Technology Transfer 
in the United States

Until 1980, if an academic researcher made an invention with 
federal funding, the government owned the resultant patent 
rights. The government had a firm policy that it would not 
grant exclusive licenses to inventions it owned, but would only 
license them non-exclusively. This meant that there was little 
incentive for companies to make the investment necessary to 
develop academic technologies because once they had made 
the investment and proved the viability of the technology, their 
competitors could then obtain a license on the same terms 
without having to make the same high risk investment.

As a result, in 1978 the government owned 28,000 academic 
patents and had licensed fewer than 4% of them. Inventions 
reported to NSF and NIH were declining even though federal 
funding of research was booming. And perhaps worst of all, 
companies would talk of research being “tainted” if it had 
received federal funding because of their fear of the govern-
ment being able to grant nonexclusive licenses if it owned the 
patent rights (or even jointly owned them by virtue of having 
provided part of the funding to develop the technology).

Also at this time, the US economy was perceived as being 
in trouble under the double burden of high interest rates 
and high oil prices, coupled with a loss of leadership of 
manufacturing efficiency to Europe and Japan.

Senators Robert Dole (R. KS) and Birch Bayh (D., IN) 
led a bipartisan effort to help restore the vitality all of the US 
economy by removing the barriers to widespread integration 
of academic innovation into the mainstream economy.

In 1980, Congress enacted the Bayh–Dole Act [1] which 
allowed US universities, teaching hospitals, research institutes 
and small businesses to have the automatic right to take title 
to inventions made with federal funding.

The Act imposed a few requirements on institutions:

Institutions were required to share any income they  ·
receive with inventors
Institutions may only use the remainder on research and  ·
education
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Institutions were expected to file patents on inventions  ·
they elect to own
Institutions were encouraged to collaborate with commer- ·
cial concerns to promote the utilization of inventions aris-
ing from federal funding
Institutions were expected to give licensing preference to  ·
small businesses
Products sold in the US must be manufactured in the  ·
US
The government retained a nonexclusive license to prac- ·
tice the patent throughout the world
The government retained march-in rights to grant addi- ·
tional licenses in the public interest if the invention is not 
being exploited in the public good.

Little was visible for quite some time. Institutions estab-
lished offices of technology transfer to seek patent protec-
tion on these inventions and license them to existing and 
new businesses for development and commercialization, 
but there did not seem to be much impact on the economy 
at large. The 1980s were still a difficult time for the US 
economy, with oil prices reaching record levels in 1982 that 
were only exceeded in inflation-adjusted terms in the sum-
mer of 2008, and with the US semiconductor industry sus-
taining heavy losses and loss of market share in DRAM 
memory chips.

As recently as April 1992, the cover story of Business 
Week trumpeted gloom and doom and called on the govern-
ment to establish an industrial policy. It said: “The very 
phrase rattles the teeth. It implies bureaucracy. It suggests 
that government will pick winners and losers. Done badly, it 
would certainly hurt America. But with the Cold War over 
and the global economy taking shape, American needs to 
shore up its competitiveness. How? Certainly by investing in 
education and infrastructure. But that's not enough. We must 
recharge the knowledge base – the basic science and technol-
ogy that are the foundation of an advanced industrial society. 
Perhaps we should call it a “growth policy.”

Just six months later, Business Week was trumpeting an 
entirely different message. “Hot Spots” was the theme off 
the issue with the subtitle “America’s New Growth Regions.” 
Inside it was clear that the recharging of the knowledge base 
had already taken place. A map showed a series of clusters 
from Ceramic Corridor in Upstate New York to Laser Lane 
in Orlando, Florida to optics Valley in Tucson, Arizona and 
up to Boomtown Boise in Boise, Idaho. The map stated that 
600,000 people held high-tech jobs in these places.

As notable as anything was the omission of the tradi-
tional high-tech clusters of Route 128 in Boston, Research 
Triangle in North Carolina, and Silicon Valley in California 
from the map.

The article correctly identified the ingredients for a high 
tech cluster that hold true today, starting with a major 
research university:

A major research university ·
Quality of life ·
Build on local industry ·
Cooperation between local university, business and  ·
government
Technology transfer from the university ·
Funding sources – state, venture capital, angels ·
Incubators. ·

54.3  The Impact of Technology Transfer

Since 1991, the Association of University Technology 
Managers has published an annual survey which has quanti-
fied the magnitude of the US’s technology transfer enterprise 
[2]: For instance, in 2006, institutions

Managed 18,874 new invention disclosures ·
Filed 15,908 total U.S. patent applications ·
Had 3,255 U.S. patents issued ·
Signed 4,963 new licenses ·
Managed 12,672 licenses and options that are yielding  ·
active income.
Had 697 new products introduced to the market in 2006  ·
from active licensees;
Introduced more than 4,350 new products into the market  ·
in the nine years from FY1998 to FY2006.
Launched 553 new startup companies in 2006 and 5,724  ·
since 1980.

Academic technology transfer generates new products in 
a broad range of sectors of society and industry, but has had 
a particular impact on two sectors:

Healthcare, reflecting the large amount of federal funding  ·
for healthcare research
The Internet, reflecting its academic origins. ·

A recent study [3] quantified the considerable contribution 
to improve public health through the discovery, patenting, 
licensing and successful development of over 130 small mole-
cule and biological drugs, vaccines and in vivo diagnostics,

Some of the contributions of academic institutions to the 
development of the Internet are shown in Table 54.1.

Table 54.1 Components of the internet that originated in academic 
institutions

Component Originating institution

World Wide Web European Organization for Nuclear 
Research (CERN)

Mosaic (Internet Explorer) University of Illinois Urbana Champaign
Eudora University of Illinois Urbana Champaign
Yahoo Stanford
Lycos Carnegie Mellon
Akamai MIT
Google Stanford
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It is not surprising therefore that some institutions have 
garnered enormous returns from technology transfer. The 
2006 AUTM Licensing Activity Survey showed that overall, 
US academic institutions received almost $2 billion in licensing 
income. However, this income is highly concentrated in a small 
number of institutions who have had one big success, frequently 
a drug – the so-called “big hit”.

54.4  Intellectual Property

Technology transfer starts with intellectual property. 
Intellectual property is a blanket term for a number of 
different mechanisms for protecting the results of intellectual 
activity. The most common of these, and the most important 
in life sciences research, is the patent system. Other important 
mechanisms are copyrights, trademarks, trade secrets and 
mask works.

It may seem antithetical to the spirit of science to try and 
sequester knowledge, and certainly a number of the critics of 
technology transfer make that argument. However, this view 
reflects a fundamental misunderstanding of the intention and 
purpose of the patent system, which has always been to pro-
vide incentives to inventors to fully disclose their inventions to 
the world so that others may build on them, in return for the 
inventor being given a period of exclusive use of their innova-
tion, rather than holding the knowledge close to their chest and 
practicing it in secret. By properly utilizing the patent system, 
a scientist can publish his or her findings and advance the body 
of scientific knowledge, while reserving for him or herself the 
exclusive commercial use of those findings. Indeed, a recent 
study of publications in Nature Biotechnology found that 
almost 50% of articles in that journal between 1997 and 1999 
had a counterpart issued US patent by 2006, a phenomenon 
the author termed the Paper-Patent-Pair [4].

That said, a minority of academic scientists make the 
effort to commercialize their scientific findings. A study of 
3,342 science faculty at six universities over 17 years [5] 
found that almost 65% of faculty never disclose an invention, 
another 22% disclose an invention once or twice in their 
careers and fewer than 15% are prolific users of the commer-
cialization process. The data are shown in Table 54.2.

Research has also shown that faculty who are involved with 
commercialization are better faculty, as measured by publication 
rate and participation on faculty committees than faculty who 
are not involved with industry [6]. The data are shown in 
Table 54.3. This relationship holds true until industrial support 
accounts for more than 2/3rd of total support for the lab.

54.5  Who Owns Your Invention?

Who owns your invention will have a lot to do with how it 
gets handled and how much you will benefit from it.

If you work for a company, you will have undoubtedly 
been required to sign an invention agreement when you 
joined the company, in which you agreed to assign any inven-
tions you made to the company.

If you work for a university or an academic medical center 
(AMC) which is affiliated with a university, then you will have 
signed also an invention agreement, commonly known as a 
patent policy or patent policy agreement, in which you also 
agreed to assign ownership of your inventions to the University 
or AMC. Unlike a company agreement, where you will most 
likely have been given “$1 and other good and valuable 
consideration (such as keeping your job)” when you assigned 
your rights in the patent to the company but you will not share 
in the profits made from your inventions, the University patent 
policy agreement will probably include a detailed description 
of just how much of the university’s income you will receive. 
As we noted earlier under the discussion of the Bayh–Dole 
Act, it is a legal requirement that the inventor share in the 
income. Theoretically, the university could have a separate 
policy for income from inventions that were not federally 
funded, but the majority of institutions have a single policy. 
Typical rates are from 25–35% though some institutions have 
tiered distributions which give a higher percentage of the early 
income to the inventors and lower percentages as income 
increases. There may be an additional percentage allocated to 
your own laboratory. If there is no lab share, there will undoubt-
edly be a share allocated to your department or college, and 
you should negotiate with the chair/chief/dean for somewhere  

Table 54.2 Faculty invention disclosure rates

Number of disclosures %

Never disclose 64.2
Disclosed once 14.8
Disclosed twice 7.6
Disclosed three to five times 11.4
Disclosed eight or more times 2.0

Table 54.3 Relationship of faculty performance to industrial 
research support

Variable

No. of 
publica-
tions

Teaching 
time

No. of 
service 
activities

Publication-
trends score

No industrial support 10.1 16.6 1.8 2.1
Industrial support 14.6 16.0 2.3 4.2
1–33% 16.8 17.7 2.8 5.0
34–66% 16.4 19.3 2.2 5.3
67–100% 12.1 15.8 2.1 2.5
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between one third to one half of this department/college share 
to be allocated to your lab account.

There will be an office of technology transfer/licensing/
industrial relations to whom you should submit the invention 
disclosure and which will manage the process for you, with 
your enthusiastic support.

If you work for a community hospital, a for-profit hospi-
tal, a nonprofit HMO, a group practice or in private prac-
tice, then it is likely that the total basis for your employment 
is clinical practice with no research component to it. In 
those circumstances, there will likely be no policies on 
inventorship and ownership, in which case you will be free 
to pursue (and pay for!) your inventions entirely by and for 
yourself.

54.6  The Invention

In the course of your clinical practice, you will frequently 
identify an unmet medical need, something that you would 
buy and use if it were available, but which you find is not 
available commercially. It may be a new diagnostic test, a 
new instrument, an improvement on an existing instrument, 
a new drug, a new use for an existing drug, a combination of 
two existing drugs, a new way of delivering or dosing an 
existing drug, and so forth.

One thing that is no longer worth patenting is a surgical 
procedure. In the early 1990s, Dr. Samuel Pallin filed a patent 
infringement suit against Dr. Jack Singer alleging 
infringement of U.S. Patent No. 5,080,111 on a patented 
surgical technique for use during cataract surgery [7]. The 
case caused widespread outrage both within the medical 
profession, among the public and in Congress. The 1996 
Omnibus Appropriations bill, Public Law 104-208, con-
tained a section, which limited the legal remedies available 
for infringement of patents on medical procedures. That 
said, if you identify a new surgical procedure that you think 
has merit, the way to extract value from it would be to 
develop and patent a new instrument or machine to carry out 
the procedure.

54.7  Obtaining a Patent

The basic criteria for obtaining a patent are that the invention 
must be:

Novel ·
Useful ·
Nonobvious; and ·
Adequately described. ·

54.7.1  Novelty

Novelty means that the invention has not been identically 
described in the literature anywhere in the world, or put on sale 
in the country in which patent protection is being sought. In the 
US or Canada, an inventor can publish his or her invention and 
still apply for a patent within a year, and in Japan within six 
months. In the rest of the world, a patent examiner somewhere 
must be the first person to learn about an invention for it to be 
patentable, so a US inventor who takes advantage of this one-
year “grace period” will lose the opportunity for worldwide 
protection. Fortunately, the advent of provisional patent appli-
cations in the US has greatly facilitated the patent application 
process for academic inventors, by reducing substantially the 
time and effort needed to file an initial patent application.

54.7.2  Utility

Utility means that the inventor must disclose a use of his 
invention. He or she doesn’t have to disclose all the uses and 
doesn’t even have to disclose the most important use he or 
she knows of. These can be added at a later stage.

54.7.3  Nonobviousness

Nonobviousness means that the invention could not have been 
anticipated by putting together two existing inventions. 
In many academic inventions, these are some of the most 
difficult arguments made by the patent examiner to overcome. 
A patent examiner frequently combines references from 
widely different areas of science and claims that these make 
the invention obvious.

This has always been one of the most difficult patent 
examiner objections to overcome, and the examiners’ hands 
were strengthened by a 2007 Supreme Court decision, KSR 
v. Teleflex, which eliminated a relatively inventor-friendly 
test for determining obviousness.

54.7.4  Adequately Described

You must disclose your invention in sufficient detail that one 
ordinarily skilled in the art can understand it. For a medical 
invention this would mean say, another OB/GYN, not just 
your 10 closest academic competitors in the world.

You must also disclose the best way you know of to carry 
out the invention at the time you file the patent application – the 
“best mode”. You don’t have to file updates if you subsequently 
learn even better ways of carrying out the invention.
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You do not even have to actually carry out all of the inven-
tion and prove that it works. You can file a predictive patent 
application, politely called a “constructive reduction to prac-
tice”. For example, the University of Rochester obtained a 
patent (US Patent 6,048,850 “Method of inhibiting prosta-
glandin synthesis in a human host”) claiming all uses of 
drugs which selectively inhibited cyclooxygenase 2, but not 
cylcooxygenase 1. At the time the patent was filed, the uni-
versity only had possession of two cell lines, one of which 
stably expressed Cox 1 and the other of which stably 
expressed Cox 2. The rest of the patent is devoted to predict-
ing how one would use these two cell lines to identify com-
pounds which inhibit Cox 2, but not Cox 1. Rochester 
subsequently sued Pfizer claiming infringement of the patent 
by Celebrex [8] and after an enormous (and enormously 
expensive) legal fight, the patent was found invalid for lack 
of enablement (and then Cox 2 inhibitors were found to have 
severe side effects and were withdrawn from the market!).

54.7.5  Patent Systems

There are two patent systems in the world:

First-to-invent ·
First-to-file ·

The US is now alone in operating on a “First-to-invent” 
system. In this system, if two inventors can show that they 
are entitled to be awarded the same patent, then the patent 
will be awarded to the inventor who can show they were the 
first to make the invention. The process by which this deter-
mination is made, if there are two competing inventors, is 
called an “interference”. It is an adversarial process conducted 
not in court, but before a special board of the Patent Office 
– the Board of Patent Appeals and Interferences. Their deci-
sion is appealable to the US Federal District Court and from 
there to the US Court of Appeals of the Federal Circuit, the 
national court of appeals for patent cases. An interference is 
an expensive process and can take a long time to complete – 
the battle between Shmuel Cabilly of City of Hope Hospital 
in Los Angeles and Michael Boss of Celltech in the UK over 
coexpression of both chains of a monoclonal antibody in a 
single cell – an enormously valuable patent, that is required 
in the production of any recombinant antibody – took 18 
years from application to a final (negotiated) settlement after 
appeal to Federal District Court. (The patent has since been 
invalidated on re-examination by the US PTO, a decision 
itself being appealed to the Board of Patent Appeals and 
Interferences! [9], so the fight still isn’t over!).

The rest of the world operates on a first to file system. In 
this system, if two inventors can show that they are entitled  
to be awarded the same patent, then the patent will be 

awarded to the inventor who first filed their application some-
where in the world.

There are other differences between the two patent 
systems. Most notably, as noted earlier, outside the US “abso-
lute novelty” applies – a patent application must be filed 
before the invention is published anywhere in the world. In 
the US and Canada, the inventor has 12 months from when 
they publish enabling details of the invention to file a patent 
application. In Japan, under some circumstances, the inventor 
has 6 months from publication to file a patent application.

What this means is that even the US applications should 
be filed before details of the invention are published, or else 
worldwide rights will be lost. In the past, this presented aca-
demics with a dilemma – should they risk losing scientific 
credit for being first to publish while they took one to two 
months to file a patent application, or should they publish 
first, take advantage of the one year “grace period” and file 
after publication and be content with the US rights only? 
Happily, since 1995, as discussed in the next section, a new 
form of patent application has been available that can be filed 
much more quickly and now it is possible to “have your aca-
demic cake and eat it too.”

Another important difference between the US and 
European systems is that patents cannot be obtained for 
methods of treating people (e.g., a new use for an existing 
drug). Patent attorneys can formulate alternative ways to 
claim the invention to overcome this limitation.

54.8  Types of Patent Application

You will encounter a number of different types of patent 
applications.

54.8.1  Provisional Patent Application

Provisional patent applications have only been available in the 
US since 1995 when the GATT treaty came into effect [10]. A 
provisional patent application may be filed by an inventor by 
him or herself or their technology transfer office for a filing fee 
of $100 plus an Express Mail fee. A provisional application 
doesn’t have to include any claims or even name any inven-
tors. It must merely enable at least as broad a scope as the 
inventors ultimately wish to claim. A provisional patent appli-
cation merely plants a stake in the ground and gives the inven-
tor a year to convert the provisional application to a full utility 
application or PCT application and gain the benefit of the ear-
lier filing date. If the inventor does nothing, then the provi-
sional application dies and is never seen.  
A significant benefit of a provisional application is that the 
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one-year duration does not count toward the maximum 20 
year lifetime of a utility application from initial filing. While 
nothing happens during that year toward examination and 
issuance of a patent, this de facto extension of the term of the 
patent is very valuable with life sciences invention, which will 
have to go through a protracted period of development before 
they can be commercialized. Pharmaceutical companies fre-
quently prepare full utility applications on their inventions, but 
file them as provisional applications and then merely refile 
them as utility applications at their one-year anniversary.

54.8.2  Utility Application

A utility patent application is the main sort of US patent 
application and is intended to lead to issuance of the most 
important category of US patent, the utility patent (the others, 
which are encountered much less frequently are design 
patents and plant patents – only asexually reproduced plants 
such as potatoes).

Under the American Inventors Protection Act of 1999, 
US applications have been published since March 15, 2001. 
Previously, US patent applications were confidential until 
the patent was issued. You can also read the discussion 
between the inventor and his or her attorney and the patent 
examiner as prosecution proceeds.

54.8.3  PCT Application

The Paris Convention of 1883 allowed inventors a year to 
file corresponding foreign applications after the initial filing 
in one of the signatory countries. Today 169 countries are 
signatures to the Paris Convention.

PCT is an abbreviation for the Patent Cooperation Treaty 
and is the primary form of international patent application. The 
Patent Cooperative Treaty came into effect in 1978 and allows 
for a single worldwide filing to fulfill the Paris Convention 
requirements. There are currently around 133 signatories and 
they include all major economies except Taiwan, Malaysia, 
Thailand, Uruguay, and Venezuela. PCT applications are typi-
cally filed a year after the initial (“priority”) application.

A PCT application can be filed in any language though 
effectively the choice is limited to Arabic, Chinese, English, 
French, German, Japanese, Russian or Spanish, and Dutch, 
Korean and certain Nordic languages. The overwhelming 
majority are filed in English.

A PCT application can undergo a preliminary examina-
tion at the international level, which can be helpful. A PCT 
application is published 18 months after its priority date, or 
six months after the PCT filing date.

After a further 12 months (i.e., 30 months from the prior-
ity date), the PCT application expires and applications must 
be filed in individual countries.

54.8.4  National Phase Patent Applications

These are applications in individual country patent offices or 
regional patent offices such as the European Patent Office. 
Academic institutions will generally not file outside the US 
unless they have a licensee to reimburse the costs.

Most licensees other than the very largest pharmaceutical 
companies will only file patent applications in developed 
countries. A typical group of foreign counterparts might 
include:

European Patent Office (“EPO”) ·
Japan ·
Australia ·
New Zealand ·
Canada ·

The next tier of countries might include China, India and 
South Africa.

54.8.5  European Patent Office

The European Patent Office is based in Munich, Germany 
and examines patents on behalf of 34 (as of January 1, 2008) 
European countries. All western European countries cur-
rently belong, and the countries formed by the breakup of the 
former Yugoslavia recognize EPO patents.

All examination and approval of patents, including the 
opportunity for companies to object to the issuance of a pat-
ent that has been approved for granting, occurs at the EPO 
level. The EPO doesn’t issue patents – this is still done at the 
individual country level, and translation costs were substan-
tial. In October 2000, the London Agreement substantially 
reduced the number of translations required. The London 
Agreement came into effect on May 1, 2008.

54.9  Prosecuting a Patent Application

When the patent attorney has finished working with you to 
prepare the patent, he or she mails it to the patent office using 
Express Mail. At the patent office, it is assigned to a patent 
examiner, who probably has a backlog of 120 or so cases. 
Examiners have to work through their backlog and dispose 
of eight cases per two week period.
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Eventually, your invention will reach the top of the examiner’s 
pile and the examiner reads it for the first time. The examiner’s 
normal first reaction to a patent application is to decide that 
there are actually two or more separate inventions contained 
in the application and to split it up into two or more separate 
applications. Since the patent lies in the claims, the examiner 
may say something like: “The first invention is claims 1–4 
and 6–10; the second invention is claims 5, and 11–15, and 
the third invention is claims 16–26.” This is called a restriction 
requirement. The inventor now has to pick the application 
he/she wants to prosecute first. The inventor will normally 
pick either:

 (a) The invention they think they have the best chance of 
getting issued; or

 (b) The invention that they want the patent issued first for 
commercial reasons.

The inventions that the inventor doesn’t pick sit at the patent 
office, and the inventor can come back and start prosecuting 
them when the one they prosecute first is allowed. The so 
sidelined inventions are called “Divisional applications.”

After the inventor, through their attorney, picks which set 
of claims to prosecute, the substantive prosecution will com-
mence in earnest. The next communication from the Examiner 
is likely to be a rejection of all claims, for a combination of 
prior art, obviousness lack of enablement or lack of specific-
ity, and citing references. The attorney will have views on 
some of the Examiner’s arguments and will write to the inventor 
laying out the Examiner’s concerns, his proposed responses 
and asking for the inventors’ views. It is critical that the inventor 
be engaged in the process, read these somewhat dry pieces of 
correspondence (the communications from the Examiner tend 
to be particularly dry), read the references and help the 
attorney mount the strongest possible response.

The prosecution will go back and forth in this way, with 
the attorney and the inventor hopefully whittling away at the 
Examiners’ objections. An inventor has a right to talk to the 
Examiner, either by phone or in person at the Patent Office in 
Washington. This is often an effective way to overcome 
objections and get an allowance – it makes a very strong 
statement to the Examiner that the inventor truly believes 
they’re entitled to something – and the inventor should be 
prepared to put in the effort to take advantage of such an 
opportunity if it is offered.

Hopefully, the Examiner will eventually be convinced and 
will mail a “Notice of Allowance” to the attorney. At that 
point, the attorney will pay the Issue Fee and about three 
months later, on a Tuesday [11], the patent will issue.

In the interim between when the fee is paid and the patent 
issues, it is time to go back and revisit the Divisional applica-
tions that were left on the table at the outset of the process. 
If the inventor wants to pursue them, the additional applications 
must be filed before the patent issues.

54.10  How Much Does it Cost to Get  
a Patent?

How long is a piece of string? As any attorney or economist 
likes to say: “It depends”. However, in overview, healthcare 
inventions tend to be relatively expensive. The examples are 
highly technical, and the inventor will generally want to 
claim much more broadly than the specific examples they’ve 
carried out.

There are three elements to the cost of obtaining a 
patent:

Attorney’s fees ·
Official fees ·
Translation costs ·

Attorneys charge by the hour, in increments generally of 
6 min (0.1 h). As of this writing in early 2008, partners at 
major law firms are charging $500–$750 per h; associates 
$250–$475 per hour, technical specialists with PhD’s $125–$400 
per hour, depending on experience. In New York City, rates 
may be even higher. Smaller firms are variable. Some may 
have very similar rates overall. Typically, the partners’ rates 
will be lower, but the associate and technical specialist’s rate 
may be essentially the same.

By retaining an attorney and asking them to do something 
for you, you are essentially giving them a blank check – you 
are saying “Take as long as you need to get this job done, 
multiply by your hourly rate and send me the bill and I’ll pay 
it.” To avoid unpleasant surprises, it’s advisable to ask the 
firm to cap the fees, by asking them to commit to a “Not to 
exceed” figure. For repetitive matters such as writing a pat-
ent, firms have a lot of experience and will generally be ready 
to do this.

Official fees are reasonable in the US. The US PTO 
charges modest fees and gives a 50% discount to small com-
panies (less than 500 employees), not-for-profits and indi-
viduals. Once a US patent is issued, maintenance fees are 
only due at 3½, 7, and 11½ years and are reasonable -- $490, 
$1,240 and $2,055 respectively for small entities.

Foreign patent office fees tend to be higher. PCT filing 
costs are $3,000–$4,000. EPO fees are substantial and there 
are significant maintenance fees each year.

Technical translation costs are expensive. The major cost 
of filing a Japanese patent application is the cost of translat-
ing the application into Japanese.

In ball park terms, it should be possible to file a provi-
sional patent application for a healthcare invention for 
$2,000–$7,000, depending how much additional work is put 
into converting a publication into a patent application. 
Converting this to a utility application will cost up to $20,000. 
Prosecuting a typical application to issuance will typically 
cost a further $20,000 over its life in the U.S. Filing a US 



770 A.J. Stevens

utility application as a PCT application will cost $3,000–
$5,000 in filing fees. A modest suite of national phase filings 
– Japan, EPO, Canada and Australia – will cost $25,000–
$30,000. The costs to obtain and issue a patent are relatively 
modest in Canada and Australia. They are substantially 
higher in the EPO and Japan, typically about the same as in 
the U.S. In addition, the official fees for maintaining both the 
pending patent applications and the issued patents in effect 
in these countries is quite expensive – typically from $500–
$1,500 per year per country. Thus, a lot of thought needs to 
be given to foreign filings.

54.11  Licensing The Patent

Getting a patent is relatively straightforward – have an origi-
nal, creative idea, pay your attorney, and you will get a pat-
ent. However, the only reason for an academic scientist or 
physician to get a patent is to use it to induce a company to 
make the necessary commitment of human and financial 
resources to develop the invention and bring it to the market, 
and this is a lot more difficult. Anecdotally, one hears it said 
that fewer than 5% of patents are actually practiced though 
the data to support this is hard to come by.

Just as with prosecuting the patent, it is critical – in fact 
even more critical – that the inventor be very involved in the 
process. In a long term study [12] of 1,140 licenses com-
pleted by six institutions – the University of Florida; 
Massachusetts Institute of Technology; Oak Ridge National 
Laboratory; Oregon Health Sciences University; Tulane 
University; and the University of Utah – the authors con-
firmed the results of a preliminary study that had been car-
ried out at MIT that the bulk of the leads that lead to completed 
licenses come from faculty (Table 54.4).

This may lead the inventor to ask: “If I made the invention 
and I find the licensee, what do I need these guys for, and in 
particular, why on earth are they going to get 70% of the 
money the technology brings in?”

The reason why the inventor is the source for over half the 
leads is quite simply that the inventor lives, eats, and breaths 
the science underlying the technology, while the technology 
transfer office has to work with the technologies of every pro-
fessor and physician at the university. The inventor will know 

which companies are publishing in that space, attending the 
conferences and professional association meetings in that 
field, hiring his graduate students and post docs and so forth.

What the technology transfer office brings to the table is a 
business perspective on how to translate the invention into 
products, sources of information and experience in valuing 
the technology and in negotiating with companies. And of 
course the funds to pay for the patent application process.

54.11.1  Types of Licensee

Universities classify the companies that license their inven-
tions into three categories:

Large companies ·
Small companies ·
Start-up companies ·

In this scheme, a start-up company is one that is formed 
specifically to develop the technology. Small companies are 
those with fewer than 500 companies, which makes them 
eligible for various forms of government support, such as 
reduced fees at the patent office, access to the facilities of the 
Small Business Administration and eligibility for Small 
Business Innovation Research (SBIR) and Small Business 
Technology Transfer (STTR) grants.

In general, academic technologies tend to be so early 
stage, uncertain and with such a low probability of leading to 
a successful product that large companies find it hard to make 
the sorts of commitments that universities require from 
licensees, so the majority of academic licenses are with small 
companies, and only a third or so are with large companies. 
Table 54.5 shows the data for 2006 [13]:

This distribution between the types of licensee companies 
has held fairly constant for approaching 20 years.

Clearly, starting a new company is an important pathway 
for commercializing academic technology and we will consider 
this in some detail later in the chapter.

54.11.2  Finding a Licensee

Universities usually use a combination of passive and active 
marketing to find potential licensees.

Table 54.4 Sources of leads that lead to signed 
license agreements at six institutions

Source %

Inventor 56%
Marketing efforts of OTT 19%
Company called university 10%
Research sponsor requested license  7%
Unknown  7%

Table 54.5 Licensees of US academic inventions in 2006

Type of company Number %

Large companies 1,648 34.1%
Small companies 2,416 50.0%
Start-up companies   764 15.8%
Total 4,828
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54.11.2.1  Passive Marketing

Passive marketing is usually achieved through having a 
searchable website where a non-confidential description of 
the technology is posted. This website is usually reached 
through the technology transfer office’s section of the uni-
versity’s website. It is still laborious for prospective licens-
ees to search each universities website in turn, so there are a 
number of websites that accumulate technologies from a 
number of sources. Some of these are commercial – e.g., 
Yet2.com [14] and UTEK [15] – though this has turned out 
to be a difficult business model to generate a return on capital 
(at the height of the dot.com boom there were over 40 tech-
nology matchmaking sites). Others are not-for-profit. The 
pioneer was created by the Massachusetts Association of 
Technology Transfer Offices and the Massachusetts 
Technology Transfer Center and provides access to technol-
ogies from all the universities, teaching hospitals and research 
institutes in Massachusetts [16]. The states of Florida and 
Texas have implemented similar systems. The Kauffman 
Foundation has supported another not-for-profit, iBridge, to 
create another website that appears set to become the domi-
nant standard [17].

An important component of passive marketing is a one or 
two page (no more) non-confidential description (“NCD”) of 
the technology that can be freely distributed to “sell” the 
technology. This document should focus on the advantages 
of the technology and the benefits it can bring to the users of 
it, not on the technical features, and should summarize all the 
work that has been done to demonstrate that the invention 
works – animal data, prototypes, etc.

Another powerful passive marketing tool is the press. 
Issuing a press release to coincide with the publication of a 
key paper in a respected journal, or receipt of an important 
grant can generate coverage in the business press that can 
reach the attention of prospective licensees.

Active marketing involves directly approaching compa-
nies with interests in the area. The normal course of events 
would be to identify a contact, either technical or in business 
development and establish contact by phone or email and 
send them the NCD. Another highly effective active market-
ing approach is for the inventor to give talks at professional 
association meetings. There are also companies which 
organize small, expensive conferences on areas of science 
that are “hot” areas of innovation. Attendance is free for 
speakers.

54.11.2.2  Reeling the Prospect In

Once a company has been identified which is interested in 
the technology, the next step may be to send them the patent 
application. The next step will usually be a technical meeting 

conducted under a confidentiality agreement. This may lead 
to the company doing some work to replicate the scientific 
conclusions, perhaps using samples provided by the inventor 
under a Material Transfer Agreement. The step after that will 
be to send the company a term sheet, a high level, 4 or 5 page 
documents that summarizes the key aspects of the agree-
ment. If the parties can reach an agreement on a term sheet, 
the next step will be negotiation of a license agreement and 
perhaps sponsored research agreement.

The entire process can take from 3 to 12 months from 
initial contact to signed agreement.

54.11.2.3  Deal Structure

There are three important aspects of license agreements:

the due diligence commitments of resources and/or prog- −
ress milestones that the licensee will agree to in order to 
successfully bring the technology to the market;
the business arrangements by which the university will  −
share in the financial success of the product; and
the contractual terms that will govern the relationship and  −
assign risk and management responsibilities.

The term sheet will handle the first two of these in some 
detail, but will only summarize the contractual aspects.

Due Dilligence

Due diligence commitments are both general and specific. 
General legal standards include:

“Best Efforts”, which means that the company will work 
harder on this project than any other. Companies will rarely 
agree to this standard.

“Commercially Reasonable Efforts”, which means that 
the company will work as hard on this project as it will on its 
internal projects of comparable market potential. This is the 
normal standard agreed to.

Specific commitments tend to fall into two categories – 
resource commitments or effort and achievements or outputs.

Resource commitments could include an agreement to 
spend specific amounts per year for a specified number of 
years, or to commit to devote so many FTE’s to the project or 
to carry out specific experiments.

Achievement commitments are usually tied to preclinical 
and clinical development stages – prototyping of diagnostics 
and devices and selection and preclinical testing (tox, ADME) 
of lead compounds, followed by entering successive stages of 
clinical testing and submission for regulatory approval.

To prepare for either resource or achievement due diligence 
negotiations, the inventor should prepare what (s)he believes 
is a reasonable development plan, estimate the resources 
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needed and the likely timeline, and be prepared to discuss 
these with the company. It is critically important that there be 
well defined milestones every six to twelve months, particu-
larly in the first two or three years, so that if the company 
reduces the priority of the project in this time frame, the uni-
versity will be able to detect this, terminate the license and find 
a new licensee.

Business Arrangements

The business arrangements will be divided into a number of 
places in the license agreement. Some will pertain to reim-
bursing expenses – patent expenses both past and future and 
the costs of any technical assistance the licensee will want 
the university to provide – some to payments to be made 
while the product is in development and some to payments to 
be made after the product has reached the market.

As a general proposition, academic inventions are gener-
ally licensed at a very early stage, when the probability of 
successful product introduction is relatively low. The value of 
the technology at that stage is therefore relatively low, but 
will rise as the product moves through the development pro-
cess. A lot of the negotiations will be devoted to agreeing how 
much the value has increased by what stage and how much of 
that increase in value should be shared with the university.

Another critical part of the negotiations will focus on the 
expected commercial pathway the licensee will follow – spe-
cifically, whether the initial licensee will be the one that takes 
the product to market or whether they will develop the prod-
uct a certain distance down the developmental pathway and 
then sublicense the product to a larger company which will 
actually take it to market. This decision has enormous com-
mercial implications.

Specific Business Terms

Patent Expenses

The university normally will expect to see all its patent costs 
reimbursed at the closing of the deal and for future expenses 
to be reimbursed within 30 days.

Upfront Fee

The university will expect to receive an upfront fee to reflect 
the initial value of the technology. This will likely be between 
$10,000 and $1 million.

Annual Minimum Royalties

Annual Minimum Royalties (“AMR”) are royalty payments 
that are made whether the product is on sale and paying 

earned royalties or not. They generally start at a relatively 
modest level of $10,000 or 20,000 per year (and may not 
even start for 2 or 3 years after the license is signed) and then 
escalate over a 5 year period to around $100,000. AMR’s are 
generally payable on January 1 of each year and are credit-
able against earned royalties, milestone payments etc. due in 
the remainder of the year.

As well as guaranteeing a minimum level of income, 
AMR’s serve as a due diligence mechanism – if the company 
has stopped developing a technology, then the company will 
generally terminate the license rather than making the AMR 
payment.

Milestone Payments

These are payments made to reflect the achievement of points 
where the technology has increased in value. These are fre-
quently the same as some or all of the due diligence mile-
stones, but there may be additional ones such as patent 
issuance, achieving certain levels of sales volume etc.

Milestone payments for starting clinical testing are gener-
ally fairly modest, but product approval milestone payments 
should be around $1 million for a device and upward of $5 
million for a drug.

Sublicense Income Sharing

If the initial licensee is a small company, then they may well 
not have the resources, both financial and sales and market-
ing, to take the product all the way to regulatory approval and 
into the market. The license agreement should anticipate that 
the company will be sublicensing rights to a larger company, 
and should provide for the university to receive a percentage 
of all payments the licensee receives from the sublicensee. 
This percentage should be in the range of 15–25%, with 
higher rates due for payments received if the sublicense is 
issued closer to the date of the original license, and lower 
rates if the licensee spends a longer period of development 
and more of its own funds to get the technology to the point, 
where a large company is ready to take it over.

One of the difficult issues is the way the university will 
share in the sublicensee’s sales of products. Say the license 
provides for the licensee to pay a 5% royalty on its own sales 
of the product. Will the licensee agree that the university will 
receive 5% of the sublicensee’s sales? The answer is proba-
bly “No” because at the time the license is signed, the licensee 
will have no idea of what royalty rate they will receive from 
their sublicensees. If the licensee can only negotiate an 8% 
royalty on the sublicensee’s sales and has agreed to pay the 
university 5% of the sublicensee’s sales, then they will only 
be left with 3% to compensate them for all the time and 
money they put into the development of the technology. 
Therefore, the licensee will normally agree to pay the university 
a percentage of the royalties they receive from the sublicensee, 
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perhaps the same percentage as they agree to pay of lump 
sums they receive from the sublicensee.

We have recently observed that if the agreed royalty rate 
is 3% or less, then it is generally possible to get the licensee 
to agree to pay that royalty rate on sublicensee sales too.

On the other hand, if the licensee is a large company, the 
agreement will probably provide for the university to receive 
the same set of payments and royalties whether the licensee 
sublicenses the technology to another company or takes it to 
market itself, and for the university not to share in any pay-
ments the company receives from sublicensing.

Royalties

Royalties are the payments the university will receive on the 
basis of the sales of the product. In general, royalty payments 
will provide the greatest economic return to the university if 
its technology does reach the market.

Royalties should be expressed as a percentage of sales, 
rather than say profits since sales is a very easy number for 
an auditor to verify when the university subsequently audits 
the licensee to ensure that the university is being paid all that 
it is entitled to receive.

One of the fundamental concepts of licensing is that the 
licensor should receive 25% and the licensee 75% of the pre-
tax profits generated by a licensed product. This principle is 
known as the Goldscheider Principle or the 25% Rule, after 
Robert Goldscheider who first enunciated it. Goldscheider 
recently wrote an excellent review of the history, evolution 
and application of the rule [18]. The rule is a guide and pro-
vides onlya starting point only and many other considerations 
must be taken into account in applying it, but the clear 
implication is that the more profitable the product, the higher 
the royalty rate. So, for instance, if the licensee suggests 
that as sales increase the royalty rate should go down (the 
implication being that you’ve made so much money already, 
the rate should go down), the counter would be that since 
products, particularly pharmaceuticals, get more profitable as 
sales increase, the royalty should actually be higher at higher 
annual sales levels, not lower.

Another issue that comes up with royalties is royalties 
that have to be paid to others. The licensee will generally ask 
to be allowed to offset some or all of royalties that have to be 
paid to third parties. If you are negotiating a relatively high 
royalty rate – say 6 to 10% – this will probably be a legiti-
mate request. However, the licensee should only be allowed 
to deduct 50% of the third party royalties so that they have a 
strong incentive to negotiate low third party royalties. If you 
are negotiating a relatively low royalty rate – say below 5% 
and certainly below 3% – you should reject the request. The 
risk of a licensee having to license a third party patent that 
they didn’t know about at the time of the negotiation has 
been substantially reduced since 2001 when US patent appli-
cations started being published (as noted above, previously 

they were confidential till issued). It is legitimate therefore to 
ask a licensee to show you the third party IP they think they 
will need to license in order to practice the IP they’re licensing 
form you.

Auditing: The Ronald Reagan Principle

Ronald Reagan once famously said “Trust – but verify”. This 
is very true of license agreements. The only knowledge that 
the licensor has of what the licensee is doing is what the 
licensee chooses to tell the licensor. After product sales start, 
the licensee sends the licensor a quarterly statement that sys 
“Here’s what I’ve sold and here’s what I owe you.” It is essen-
tial that the licensor have the ability to verify what the licensee 
is telling them. This is achieved through an audit provision.

The licensor will generally have negotiated the right to 
send an independent CPA into the licensor’s business offices 
once a year, with suitable notice, with the right to examine 
the licensee’s business records for the prior three years 
(which is the length of time the IRS requires companies to 
keep records). Audit clauses in licenses generally require the 
licensor to pay the costs of the audit, which will generally be 
around $30,000–$40,000, unless the auditor discovers a 
shortfall in any payment of 5% or more, in which case the 
licensee has to pay the cost of the audit. Most red blooded 
auditors will be confident of their ability to find such a dis-
crepancy, and studies have shown that audits generally do 
find shortfalls.

It is therefore generally a prudent policy to audit licensees 
every three years when annual royalties reach $1 million and 
annually when they reach $5 million.

54.12  Forming a Start-Up Company

Forming a start-up company is a particularly hallowed vehi-
cle for technology transfer. As noted earlier, a dedicated 
start-up is the chosen commercialization pathway for about 
15% of academic technology transfer transactions. It has 
considerable potential for creating substantial wealth for the 
inventor and the university. That said however, forming a 
start-up is not a pathway that should be pursued lightly or 
without a deep appreciation of the effort and commitment 
that will be required of the inventor.

54.12.1  Finding a Business Partner

The first requirement for a professor who wants to form a 
start-up (beyond an invention that is sufficiently disruptive to 
attract the investment needed to successfully commercialize 
the invention) is going to be a business partner.
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How to find such a brave soul? There turn out to be a sur-
prisingly large number of sources in the communities in 
which most academic medical centers are located. Some uni-
versities can supply this capability through a group whose 
job it is to help faculty start companies. If the university does 
not directly provide this assistance, the Office of Technology 
Transfer may know individuals who are suitably experienced 
and who are looking for their next “gig.”

Professional advisors whom the Office of Technology 
Transfer uses, particularly lawyers, frequently have good 
contacts with the entrepreneurial community and will know 
suitable individuals. The alumni or development office may 
be able to introduce the inventor to an alumnus or alumna 
who is involved in the industry. The university’s Business 
School may have professors or alumni who have suitable 
industrial contacts. Other sources may be people the inventor 
has met through prior consulting relationships – say a VP of 
Business Development of a biotechnology company which 
has licensed one of their earlier inventions and who wants to 
start their own company. Other sources may be people to 
whom the inventor is referred by colleagues who have been 
down this path before. Some states have biotechnology cen-
ters with an economic development mandate that can provide 
contacts or provide direct assistance (e.g. Ohio’s Thomas 
Edison Program [19]; Pennsylvania’s Ben Franklin Program 
[20]; New York’s Center of Excellence Program [21].

Many states have biotechnology associations that are nat-
ural congregating points for biotechnology entrepreneurs.

It is critical that the business partner has credibility in 
the life sciences start-up community. Resist the temptation 
to team up with say a stock broker or real estate executive 
or business lawyer (all of whom the author has seen inven-
tors team up with, generally with frustrating and unsatis-
factory results) because they have more with familiarity 
business than the professor does. They will be a negative as 
you move down the road and will probably quickly lead 
you astray.

54.12.2  Working with Students

Before sitting down with a potential business partner, the 
inventor needs to have captured the vision he has for the 
company. This presents a chicken and egg situation – you 
need the commercial vision to engage a business partner, yet 
you need the business partner to develop the commercial 
vision. One way of cracking this egg is to see if your busi-
ness school (or a nearby business school if you are at a hos-
pital or practice that’s not part of a university) has courses 
that require the students to write a business plan or develop a 
business strategy or do a market research study. The profes-
sors who run these courses always have a need for business 

and product ideas for the students to work on, so finding and 
making contact with such professors may be productive. 
You’ll need to keep the academic calendar in mind – most 
likely there will only two starting opportunities available – 
September and January, and the professor will want to have 
everything lined up at least a month, probably two, before 
the start of the semester. That said, the quality of work you 
can get from a dedicated inter-disciplinary team of students 
working for 14 weeks is stunning.

54.12.3  Communicating the Idea

Ultimately, you will need four documents to “sell” a company 
concept to all the stakeholders you’re going to need – employees, 
investors, landlord, customers, etc.

In order of difficulty, and effort to generate them, these 
four documents are:

An Elevator Pitch
A PowerPoint presentation
An Executive Summary
A full Business Plan.

54.12.3.1  Elevator Pitch

The elevator pitch is a two minute summary of the opportunity 
– what you are doing, the scale of the opportunity, what’s 
unique about your approach to solving the problem, how you 
are going to change the world and how the person will profit 
enormously by joining you on the adventure. The term comes 
from the idea that you get on an elevator and suddenly realize 
that your fellow passenger is an ideal potential investor/
employee/customer/whatever and that you have them captive 
for the duration of a 60 floor elevator ride.

The inventor should have an elevator pitch integrated into 
their psyche and be ready to launch into it at a moment’s 
notice, tailoring it to the specific audience – potential investor/
employee/board member/customer, etc. A good elevator 
pitch takes a lot of practice. It’s very easy to go into too much 
technical detail or to stay stuck on the product idea and the 
company concept and not get to asking your captive audience 
for what you think they can contribute and how they’ll profit 
from working with you.

If you can’t capture the idea in two minutes, you haven’t 
thought about it sufficiently. To be able to bring together 
all the resources you need, you have to be able to boil the 
opportunity to a simple, attractive summary that can be com-
municated in two minutes.

Some people advocate practicing at the mirror or giving 
the pitch to your dog. As the last step before going “live,” 
you should give it to your mother and see if she “gets it”.
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The sole purpose of the elevator pitch is to interest the 
person you’re giving it to so much that they want to hear 
more and will agree to meet with you later to learn more.

54.12.3.2  The PowerPoint Presentation

If you get that next meeting, you’ll need a PowerPoint pre-
sentation, which is the heart and soul of communicating a 
new company concept. Like an elevator pitch, it must flow 
seamlessly and communicate the opportunity, the company’s 
approach to filling the need, the status of the technology, 
what’s unique about the company’s approach, including the 
management team and the intellectual property position that 
will keep the enemy at bay, the company’s financial projec-
tions, the investment the company is looking for and how the 
investors will make money – the “exit”.

The individual slides of the presentation should be attrac-
tively designed, not cluttered with too many words and should 
use visuals where ever possible – a picture is worth a thousand 
words, and a video’s worth ten thousand. A good presenter will 
take one and a half or 2 minutes per slide, so a presentation for 
a 1 hour meeting – 40 minutes plus 20 minutes Q&A – should 
be no more than 20 to 25 slides. Use a large “clean” sans serif 
font like Arial rather than say Times Roman. Always try giving 
the slide show using an LCD projector in a sunny room before 
the first meeting – slides that look great on a computer screen 
can have insufficient color contrast and be difficult to read under 
“real world” conditions. Take and use your own laptop rather 
than downloading via a flash drive to their computer – that way 
you know you’ll have compatible software versions, have all the 
plug-ins you’ll need – particularly important if you’re using 
video. Take a laser pointer with you to emphasize the talk.

In short, look technically competent, professional, orga-
nized and in control when you give a presentation on your 
company.

54.12.3.3  The Executive Summary

The executive summary is a five to ten page summary of the 
company’s business plan that summarizes the presentation. 
If the audience liked the PowerPoint presentation, they’ll ask 
for an executive summary and a copy of the PowerPoint to 
share with people within their firm that they want to get 
excited about the opportunity. It is probably the longest writ-
ten description of the company that people will ever read.

54.12.3.4  Business Plan

The company must always have a Business Plan, which is a 
complete description of where the company is, where it’s 

going and what it needs to get there. It documents the scale 
of the market and the opportunity, and demonstrates the 
company’s ability to meet the need. It analyses the planned 
pricing of the product. It describes and justifies the viability of 
the company’s business model – how the company will gen-
erate revenues. It describes the management team and how 
that will evolve. It identifies the partnerships with other com-
panies that the company will need to get to the market. It looks 
at potential competition and how the company’s intellectual 
property position will keep competition at bay. It contains 
detailed financial projections – development costs, capital 
needs, operating costs, profitability and financial return.

A company’s business plan is constantly evolving. At a 
minimum, it should be reviewed every three of four months 
in the light of changing market circumstances and the com-
pany’s progress. The initiation of a round of fund raising will 
normally trigger a new edition of the business plan.

Few outside the company will ever read the business plan 
cover-to-cover. However, your ability to answer detailed 
questions that come up in your presentations will critically 
depend on the thoroughness of the thought and analysis that 
went into the preparation of the business plan. You write it 
for yourself not for others.

54.12.4  Forming the Company

You can (and should) test the waters for your company con-
cept without actually incorporating. You can project a very 
professional image for the company with do-it-yourself com-
puter graphics without actually incorporating. Nobody will 
check at this stage. The story of how Larry Page and Sergei 
Brin raised the seed round financing for Google is a Silicon 
Valley legend. They were introduced to Andy Bechtolstein, 
the Co-Founder and Chairman of SUN Microsystems and a 
fellow Stanford alumnus. He liked the story, went out to his 
Ferrari, got his checkbook and wrote a check for $100,000. 
Brin and Page had to quickly incorporate the company in 
order to be able to open a bank account to cash the check.

You should check out that the company’s name has not 
been taken by another company in the same technical area 
as yourself, together with a suitable URL. It may be worth 
paying the modest fee to reserve the URL at this stage.

However, if you start to get the sense that the company is 
going to be investable and so may be viable, then you will 
want to move ahead and incorporate. Although there are an 
enormous number of web sites that will offer to incorporate 
a company for you for as little as $99, you should use the 
services of a major law firm. Particularly in the major inno-
vation hubs, the large law firms understand that mighty oaks 
from tiny acorns do indeed grow and that their future major 
clients start out as impoverished start-ups. Many of these law 



776 A.J. Stevens

firms have fee deferral programs under which, for a small 
retainer, they will accumulate the fees incurred by the com-
pany until some significant funding threshold is reached, at 
which point the accumulated fees become due.

It will ultimately be to the company’s considerable advan-
tage to be seen to be using the services of a top tier law firm. 
They will have expertise, experience and contacts to contrib-
ute as well, and the quality of your advisors does speak 
legions for you.

They will also prevent you from making the Number One 
mistake of start-ups, which normally occurs at this point – 
giving out Founders’ stock to the Founders without an earn 
in. Since start-ups are generally planned by people who are 
still working for someone else, or are looking at multiple 
opportunities, it is quite likely that one or more members of 
the Founding team at the “virtual” stage will decide not to 
join the company, or may quickly move on. It is critical that 
the same amount of the company’s stock not be held by peo-
ple who aren’t fully committed to the company as by those 
who have staked their future financial well being on the com-
pany’s success. Therefore, it is a standard practice to make 
people earn-in their stock over 4 or 5 years. If they leave 
sooner than this, whether of their own volition of at the com-
pany’s request, they forfeit the balance. This keeps them 
motivated, preserves fairness and prevents unnecessary dilu-
tion of the company’s stock.

A good law firm start-up package will include things like 
employment contracts, confidentiality agreements, consulting 
agreements, board meeting minutes and corporate resolutions, 
in addition to the standard Certificate of Incorporation, 
By-Laws and Shareholders agreements and share certificates.

54.12.5  The Initial Funding

The Founders will normally buy their stock in the company 
at “Par Value”, a purely nominal value that is printed on the 
share certificates and is typically 1¢ or oven 0.1¢ per share. 
So, if they decide to issue themselves 5,000,000 shares, they 
will contribute $5,000 at 0.1¢/share or $50,000 at 1¢/share, 
enough to pay the legal costs of incorporation, but no more.

The first “real” money that goes into the company and 
that will be used to start its operations can come from any 
one of a number of sources:

Second mortgage/credit cards ·
Bootstrapping – selling products and services ·
Friends and family ·
Angels or Angel Groups ·
SBIR/STTR grants ·
Corporate partnerships ·
Venture capital ·

In 2004, the AUTM Survey asked respondents what the 
initial sources of funding for their spin-out companies were. 
The results are shown in Table 54.6.

It is clear that university spin-outs more frequently attract 
their initial funding from individuals than from institutional 
sources.

A more detailed source of these funding sources follows.

54.12.5.1  Second Mortage/Credit Cards

This is a classical method of starting a company, but probably 
doesn’t have much relevance to a life sciences startup because 
of the total financing needs the company will have.

54.12.5.2  Bootstrapping

This is when a company has early sales opportunities – say 
selling reagents to the research market – and can use the 
revenues to fund developing its main products. Bootstrapping 
can reduce capital needs, but will rarely totally eliminate the 
need for investment sources.

54.12.5.3  Friends and Family

Also known as “friends, family and fools”, this approach 
involves passing the hat round the more affluent members 
of the inventor’s family, social and even professional cir-
cles. This can raise a significant amount of money, but 
comes with strings. As several inventors have observed to 
the author: “It does make for some tense Thanksgiving din-
ners” when the company hits the inevitable patch of 
turbulence.

If the company plans on raising later rounds of financing 
from institutional sources, it may find that they won’t want to 

Table 54.6 Initial sources of funding for university spin-outs, FY 2004

Number %

Individuals 49.34%
Friends and family 94 20.52%
No external funding 57 12.45%
Individual angel(s) 49 10.70%
Angel network 26 5.68%
Institutional sources 44.54%
Venture capital 85 18.56%
State funding 36 7.86%
SBIR/STTR 32 6.99%
Corporate partner 25 5.46%
Institutional funding 26 5.68%
Other 28 6.10%
Total 458 100.00%
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have a large number of small shareholders, and it may be 
appropriate to have them invest by buying a membership 
interest in an LLC company, so that there would be a single 
voting entity representing all the investors in that round.

54.12.5.4  Angels or Angel Groups

Angel investors are rich individuals to whom the inventor is 
not related and who invest some or all of their wealth in 
young start-ups. They are generally people who have made 
their money themselves entrepreneurially rather than having 
inherited it when it is normally tied up in trusts and protected 
by zealous and very conservative trust attorneys.

Some Angel groups have a pooled fund and invest out of 
that, while others operate as meeting conveners and bring a 
number of Angels to a monthly breakfast or lunch meeting at 
which companies make presentations, and each individual 
investor decides if he/she wants to invest in a particular 
opportunity and, if so, how much.

The more highly developed a region is as an innovation 
hub, the more likely it is that there will be organized Angel 
groups operating. For instance, there are close to 20 organized 
Angel groups operating in Massachusetts.

54.12.5.5  SBIR/STTR grants

The Small Business Innovative Research Program and the 
Small Business Technology Transfer Research Programs [22] 
have been mainstays of the US economy for 30 years since 
the SBIR program was “test marketed” by the NSF starting in 
1978 and expanded to all federal agencies in 1982.

They are Federal grant programs and so are a particularly 
attractive way to fund a company’s development since they 
are nondilutive – the Government asks for nothing in return 
other than a commitment by the company to commercialize 
the research.

Currently, all Federal agencies with an external research 
budget of $100 million or more have to dedicate 2.5% of 
their budget for SBIR grants and 0.3% to STTR grants, so 
over $2.3 billion is available for these grants, a substantial 
pool of nondilutive investment funds. There are three solici-
tations a year and proposals are solicited for specific fields 
that the agency has established as a priority. The grant pro-
posals are of limited length.

The Phase I awards are for $100,000 for six months and 
are intended to demonstrate feasibility or proof of principle. 
Phase I recipients are eligible to submit Phase II proposals, 
which are worth $750,000 over two years and are intended to 
carry out the project. These funding levels have not changed 
in many years, and Study Sections will frequently award sig-
nificantly higher amounts than these.

The PI of an SBIR must be employed at least 51% by the 
company at the time of the award (not the time of the submis-
sion, and the company must be able to demonstrate that it has 
adequate facilities to carry out the research. A collaboration 
with a university is not required, but upto 30% of a Phase I 
award and 50% of a Phase II award can be subcontracted to 
a university.

A STTR is by contrast at an earlier stage. It requires a 
collaboration with a university. At least 30% and as much as 
60% of the work can be done at a university. The PI can be 
either at the university or at the small company.

54.12.5.6  Corporate Partnerships

It may be possible to fund the company’s start-up and early 
stage development through a partnership with a larger com-
pany though it is highly likely that at the time the technology 
is transferred from the university, it will be at too early a 
stage and too low a probability of success to be attractive to 
a larger company and for this to be a viable approach. 
Corporate partnerships tend to be important later in the com-
pany’s development.

54.12.5.7  Venture Capital

Venture capital funds are pools of funds invested by univer-
sity endowments, very rich individuals, insurance compa-
nies, pension funds and so forth. These investors, who are 
known as Limited Partners, can afford to tie up their money 
for a long time in order to secure a superior rate of return. 
This is critical for venture capital funds because the fund will 
make investments in early stage, privately held companies 
and will most likely not be able to sell the investment for 
many years. Therefore, the Limited Partners typically are 
asked to invest their funds for ten years with no right to ask 
to be repaid.

Some companies have their own venture capital funds, 
but these tend to be more fickle investors. They rely on the 
parent company to make new funds available each year, 
and corporate venture funds are frequently throttled back 
in times of economic downturn when the parent’s cash 
flow suffers.

The actual investments are made by General Partners. 
These are the people that the founders of the company will 
deal with. General Partners are generally people who have 
had a successful operating track record in large technology-
based companies, or more likely in small venture-backed 
companies that the venture investors have made a lot of 
money in. A few grow from freshly minted Associates 
recruited fresh from their MBA’s into partners, and a very 
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few service providers such as lawyers have become success-
ful venture capitalists.

The General Partners will normally draw 2.5% of the 
funds under management each year to operate the partner-
ship – pay the rent, salaries, travel, legal expenses etc. This 
means that over the ten year life of the fund, 25% of the 
invested funds will go to operate the fund, and only 75% will 
actually be invested in companies. In addition, when the fund 
makes a profit on an investment, the limited partners will first 
have their investment returned to them, and the General 
Partners will receive 20% of the net profits from that 
investment.

If a venture capital fund makes ten investments, it will 
expect to write off four (i.e., lose its entire investment), make 
a two or three times return on four, and a ten times or higher 
return on the final two. If you run the numbers, allowing for 
25% of the fund going for operating expenses, and the 
General Partners getting 20% of the net profits on the suc-
cesses, this will result in a 25–30% annual return to the 
Limited Partners. This will then allow the General Partners 
to go back to the same Limited Partners when they are start-
ing to raise their next fund. Venture Capital is a very 
Darwinian business – their first objective is to successfully 
reproduce themselves!

The key conclusion from this analysis is that if you want 
to attract venture capital investment, you must be able to 
show that venture capitalist that if the company is a success, 
they will make 10× their investment. If you think it will take 
an investment of $20 million to launch your products, then 
you must be able to show the VC’s that your company will be 
worth $200 million.

As Table 54.6 shows, venture capital is the second largest 
source of funding for university spin-outs, but is the initial 
source of funding less than 20% of the time. Most technolo-
gies are simply too untested when they’re transferred out of 
the university to be ready for venture capital. This is particu-
larly true in the case of drugs. VC’s are generally going to be 
ready to invest in a new drug company only when the 
company is a year away from starting human clinical trials, 
and very few academic drug discoveries are that far along 
when federal funding runs out. The entrepreneur’s challenge 
is going to be how to fund the gap between the expiration of 
federal funding and when the company is ready for venture 
capital. VC’s are more likely to fund a start-up diagnostic or 
medical device company.

54.12.5.8  Who Gets How Much: The Capitalization 
(“Cap”) Table

There are normally two types of stock in a start-up company:
Common stock
Preferred Stock

Common Stock

Common stock is generally a reward for effort or the provi-
sion of services in kind – the original “sweat equity”. The 
founders will receive common stock, as will the management 
team for their future services and the university (whose 
investment of intellectual property in the new venture repre-
sents past effort).

Preferred Stock

Preferred stock is normally reserved for investors who pay 
cash for it. It’s full name is generally Preferred, Redeemable, 
Convertible Stock.

Preferred means that the stock enjoys various preferences 
over common stock. Redeemable means that the investors 
can force the company to repay their investment under cer-
tain circumstances.

Convertible means it’s convertible into Common stock 
under certain circumstances. The first round of investment 
will normally be called the Series A Preferred, the second 
round of investment will be called the Series B Preferred, 
etc. Each successive round normally takes priority over the 
previous round if times get tough. (When times are good, 
everybody does well!)

Dividing Up the Founders Stock

This will undoubtedly be the subject of intense debate 
between the founders. One common philosophy is that the 
two equal components of a start-up company are the technology 
and the management team that’s going to stake its financial 
security on this new venture. The technology is equally 
divided between the intellectual property, which the university 
owns, and the know-how, which is in the inventor’s head, and 
which he can monetize by agreeing to consult exclusively for 
the new venture. This philosophy would result in a Founders’ 
stock distribution of:

25% to the inventor
25% to the university
50% to the management team
Another philosophy has the university being another 

founder alongside the founding management team.
In yet another philosophy, the university will ask for a 

relatively small stake – say 5% – but that they be protected 
from dilution till a specified amount of investment capital 
has been raised by the company – say $5 million.

It is critically important that the management team’s stock 
be earned in over typically four years. The management team 
share should include adequate provision for the additional 
employees who will need to be hired until the next financing.



77954 Technology Transfer and Its Role in the Practice of Reproductive Endocrinology and Infertility

The Investor’s Stake

The investors will normally expect to get control of the com-
pany for their initial investment. The implication of this is 
that the company should not sell itself too cheaply. If you’re 
going to have to give up half your company, then give it up 
for $5 million, not $1 million. Go out with an ambitious tech-
nical plan that requires $5 million to achieve. The VC’s may 
balk at investing $5 million in an initial investment in a 
totally untried management team, and one way to finesse 
this calculation is to stage the release of the funds – say $1 
million initially, to get the company to a certain technical 
achievement, with another $2 million released when that 
milestone is reached, and the final $2 million released when 
the company successfully achieves a second technical (or 
business) milestone.

The Next Round

The number of shares in the company will normally be 
adjusted (by splitting or reverse splitting) so that the price of 
the Series A stock is $1/share. If the company makes good 
progress, the Series B will hopefully be sold at a higher per 
share price – say $2/share or $3/share, perhaps even $5/
share. This means that the company will give up less of itself 
proportionately to raise the next round of financing, and the 
value of the existing shareholders stake will grow, even 
though they won’t be able to sell their stake and it will be a 
paper profit only.

If the company doesn’t do well, then the next round may 
have to be sold at a lower per share price than the previous 
round. That’s when things start to get ugly, and is beyond the 
scope of this chapter. Hopefully, it’ll never happen to you.

What About the Seed Investors?

If the company raises a relatively small amount of money, 
from friends and family or Angel investors, the investment 
will probably be made not by a purchase of stock, but in the 
form of a loan secured by a note which is convertible into 
stock in the future. This has a number of advantages:

The legal costs are much lower ·
The value of the company can be set when a more sub- ·
stantial amount of money is raised from sophisticated 
investors a little later

The seed round investors are generally rewarded for 
investing early by converting their loan into stock at a lower 
per share price than the Series A investors – say at a 20% 
discount. So, if the Series A per share price is $1/share, then 
the seed round loan will be converted into stock at a price of 

$0.80/share, so they will receive 25% more shares per dollar 
invested than the Series A investors.

Subsequent Rounds

The prior arguments will apply to subsequent rounds of 
financing, which will be labeled Series B, C, D, E etc. High 
tech companies will generally be expected to raise only A, B 
and C rounds and then to have achieved self sufficiency. Life 
sciences companied may need additional rounds of financing. 
Acusphere, an MIT spin-out developing in vivo diagnostics 
for cardiovascular conditions, went as far as a Series J before 
pulling off an IPO. Each round’s investors will have priority 
over those in the prior round.

The Exit

At this stage, the company is still privately held, and there is 
no market for the stock. While the value of the company may 
have increased substantially, this is still all on paper, and nei-
ther management nor investors can actually sell their stock 
and realize any part of that value.

At the end of the day, being able to realize the value that 
has been created is what people will care about, and that is 
achieved through an exit.

There are only two possible exits that will put cash in 
founders’, managements’ and investors’ pockets:

Acquisition, for cash or for stock in a publically traded  ·
company, or
An Initial Public Offering (“IPO”) through which the  ·
company’s shares are listed on a stock market, generally 
the NASDAQ.

Another exit mechanism is acquisition by or merger with 
another privately held company. This may help build value, 
but it will still be “paper profits” until one of the prior two 
events happens.

The acquisition route may seem more attractive, but venture 
capital investment terms and conditions, specifically “liquida-
tion preferences”, may skew distribution of the proceeds toward 
the investors and away from founders and management.

IPO’s have become considerably more expensive and dif-
ficult to pull off since the passage of the Sarbanes–Oxley Act 
in the wake of the Enron debacle. The benefit of an IPO is 
that it allows for the stock price to increase after the IPO (and 
equally to decrease!). The negative is that the shareholders 
from the company’s private days will be required to sign a 
lock-up agreement, in which they agree not to sell their stock 
for six months (12 months for European stock exchange 
IPO’s). Most new companies founded currently are founded 
in the expectation that the exit will be by acquisition.
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54.13  Case Study

54.13.1  CALM

Institution: McGill Univ. Location: Québec, Canada Field 
of: Obstetrics

Emily Hamilton, M.D., a McGill University obstetrics 
and gynecology professor, was teaching at Montreal's Jewish 
General Hospital when it occurred to her that doctors and 
nurses could better evaluate the progress of delivery if they 
knew how their patients were compared with others.

“Students were asking simple questions like, ‘How do 
you know when labor is slow?’” Hamilton says. Doctors 
were relying on a small study of women conducted in the 
1950s for information about delivering babies, yet a num-
ber of medical developments, such as epidurals, greatly 
influence the average length of labor. When Hamilton 
looked at the big picture, she saw that the power of comput-
ing combined with large-scale studies could tell physicians 
and nurses what comprised a normal labor for different 
women.

Her revelation occurred in the early 1990s, and today the 
Computer-Assisted Labor Monitoring, or CALM™, system 
is installed in numerous North American hospitals. Hamilton's 
studies show that the technology can reduce Cesarean sec-
tions. Fewer Cesareans mean less pain and quicker recupera-
tion for women and less time required by surgeons. The 
CALM system tells medical personnel when a labor that 
appears long may, in fact, be progressing normally. After 
inputting information about the patient, a simple-to-read 
graph appears on the screen. The graph shows three lines: the 
woman’s progression of labor, and the high and low limits of 
statistically normal progression, based on data from other 
women with similar clinical characteristics. Doctors can 
quickly and easily update the touch-sensitive screen.

In addition to her position on the McGill faculty, 
Hamilton now serves as vice president for medical research 
and scientific advisory board chair for LMS Medical 
Systems Ltd., which distributes and monitors CALM in 
North American facilities. The company is based in 
Montreal, and Hamilton continues to hire engineering and 

computer science graduates from McGill and Université de 
Montréal as the company expands. Read more at http://
www.lmsmedical.com
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Abstract This chapter reviews the evidence that environmental 
factors have a role in the etiology of reproductive abnormali-
ties. The actions of hormonally active agents, such as endocrine 
disrupting chemicals, that may alter the synthesis, secretion, 
transport, binding, or elimination of natural hormones are high-
lighted. This chapter also highlights the need for and organized 
collection of data to further analyze the involvemnet of environ-
mental factors in reproductive anomalies.

Keywords Endocrine disruptor • Epigenetics • Endometriosis 
• Environment • Reproductive impairment • Biomarkers • 
Chemical substance inventory • Chemicals • Contaminants

55.1  Introduction to Endocrine Disruption

Many observations suggest that chemical exposures in the 
environment and/or workplace (occupational) may be associ-
ated with endocrine disruption of the synthesis, secretion, 

transport, binding action, or elimination of natural hormones [1]. 
For the purposes of this chapter, we define the environment as 
“nongenetic,” inclusive of occupation. Through purported 
endocrine disruption, endocrine disrupting chemicals (EDCs) 
may affect the maintenance, homeostasis, reproduction, 
development, and/or behavioral activities of the species. 
Specifically, environmental exposures resulting in endocrine 
disruption that affect reproduction may potentially: alter indi-
vidual or multiple enzyme pathways and/or gene-dependent 
activities; be associated with identifiable reproductive impair-
ments; and/or result in trans-generational effects. In the long 
term, these direct and indirect mechanisms may cause adap-
tive or disruptive reproductive effects that affect the ultimate 
health, reproductive capacity, and survival of the species [1].

The fetal origin of disease concept, introduced by Barker, 
exposes the potential conflict between fetal compensatory 
mechanisms to direct and/or indirect endocrine disrupting 
insults and their heritable effects [2]. Epigenetics refers to 
those mechanisms that act above the expression of genes and 
that have particular application when considering the indi-
rect effects of environmental chemicals. The term was first 
proposed by the developmental biologist, Conrad H. 
Waddington [3]. He noted that heat-treated Drosophila pupae 
developed altered wing patterns that persisted trans-genera-
tionally [4]. He referred to this phenomenon as “genetic 
assimilation” or “epigenetics.” This recognition has expanded 
the previous gene-centric viewpoint to one which includes 
the possibility of “nongenomic inheritance,” explaining the 
complex variations between individuals and adaptive, as well 
as maladaptive, alterations that result from environmental 
changes or exposure [5, 6]. Primary epigenetic modifiers 
include histone modification, DNA methylation, and non-
coding RNAs. These modifications control genome stability, 
gene imprinting, reprogramming of nonimprinted genes, 
X-chromosome inactivation, and the plasticity of gene 
expression resulting in the permanent alteration of structure 
and function of multiple organs.

Multiple animal studies point to an association between 
environmental synthetic chemicals, or xenobiotics, and 
human reproduction and development. However, the direct 
and indirect, multiple, long-term, and recently recognized 
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epigenetic effects of such substances – individually, cumula-
tively, and in high- and low-dose exposures – on humans are 
only understood in a cursory fashion. This chapter reviews 
our preliminary understanding of both the direct and indirect 
endocrine disrupting and potential epigenetic effects of envi-
ronmental EDCs on reproduction, and the important role 
investigations will play in the future of reproductive endocri-
nology. As a platform for discussion, endometriosis is exam-
ined as a potential marker for the reproductive impact of 
specific endocrine disrupting chemicals. Furthermore, previ-
ously identified environmental chemicals and contaminants 
with reproductive effects are introduced in Table 55.1, along 
with a summary of their documented animal, cell line and 
human adverse reproductive effects. PubMed search terms 
used to identify adverse reproductive effects detailed in 
Table 55.1 include all chemicals/contaminants identified 
combined with the search terms: abortion, birth defect, fertil-
ity, endometriosis, menstrual irregularity, reproduction, 
reproductive tract, and sperm.

55.2  The Chemical Substance Inventory

There are now over 87,000 known chemical substances in 
commerce in the United States [7]. Unfortunately, the major-
ity of these chemicals never have been specifically tested for 
reproductive and/or developmental toxicity. Studies now 
suggest that many of these chemicals may bioaccumulate 
and biomagnify within the food chain [8, 9], and even com-
bine to deliver a total body burden within toxic exposure 
ranges. Contemporary human toxicity testing of synthetic 
chemicals has yet to: systematically characterize; assess 
potential additive chemical interactions; determine epige-
netic effects; or define the dosing responsible for the mecha-
nisms of action (Environmental Working Group 2003; 
Physicians for Social Responsibility 2003) [10].

55.3  Identified Environmental Chemicals 
and Contaminants

A number of unregulated chemicals and contaminants are 
found in toys, beauty products, pets, homes, lawns, food and 
beverage containers, automobiles, fabrics, carpets, furniture, 
building materials, electrical equipment, and agricultural 
products. They permeate our air, food, homes, transportation 
systems, schools, soil, water, and workplaces. Concern 
regarding the reproductive effects of these contaminants is 
justified in light of accumulating animal evidence. In 
February 2005, the Stanford University School of Medicine’s 

Women’s Health and the Collaborative on Health and the 
Environment convened a multidisciplinary group of experts 
to assess the contribution of environmental chemicals and 
contaminants to human infertility. A list of concerning chem-
icals/contaminants are found in their summary report (http://
www.healthandenvironment.org/working_groups/fertility).

Subsequently, this list of environmental chemicals and  
contaminants was expanded to include not only male and 
female effects, but was divided into adult exposures and 
developmental exposures [11]. A majority of the environmen-
tal chemicals/contaminants identified in those documents are 
presented in Table 55.1. Table 55.1 utilizes the identified 
environmental chemicals/contaminants and the PubMed 
search strategy listed above to detail our current knowledge of 
animal/cell line and human adverse reproductive effects.

A number of the chemicals/contaminants listed in 
Table 55.1, as well as pharmaceutical chemicals, are excreted 
in the urine and enter the sewer system. Wastewater treat-
ment plants have avoided regulating these chemicals and 
contaminants. Furthermore, many compounds resist filtra-
tion during municipal waste treatment processes. During 
testing for Organic Wastewater Contaminants, scientists 
found prescription and nonprescription drugs and their 
metabolites, fragrance compounds, flame retardants, plasti-
cizers, and cosmetic contaminants in each sample [12]. The 
authors concluded that the tap water in 42 states is contami-
nated with more than 140 unregulated chemicals that 
presently lack safety standards [13].

In a recent exposure study, it was noted that all 150 
environmental contaminants studied were found in some 
segment of the US population and that the majority of the US 
population is measurably exposed to tobacco smoke, lead, 
mercury, and phthalates [14]. Increasingly, reproductive 
medicine specialists will be asked to weigh in with couples 
regarding the risk of various environmental and occupational 
chemicals and contaminants. An understanding of the indi-
vidual and cumulative risks of various exposures, including 
those associated with assisted reproductive techniques, will be 
important in providing an appropriate perspective, reassur-
ance, as well as precautionary evidence-based information.

55.4  Reproductive Concerns Regarding 
Environmental Chemicals and 
Contaminants

A broad range of studies now document significant reproduc-
tive concerns with environmental chemicals/contaminants in 
a number of species. Biologists now report that male fish in 
detergent-contaminated water express female characteristics 
[15], turtles can be sex-reversed by polychlorinated biphenyls 

http://www.healthandenvironment.org/working_groups/fertility
http://www.healthandenvironment.org/working_groups/fertility
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(PCBs) [16], male frogs exposed to a common herbicide 
form multiple ovaries [17], pseudohermaphroditic offspring 
are produced by polar bears exposed to endocrine disruptors 
[18], seals in contaminated water have an excess of uterine 
fibroids [19], and normal human development may be altered 
by exposure to estrogenic chemicals [20]. Developmental 
exposure to bisphenol A (BPA) has been associated with 
morphologic and functional abnormalities of the genital tract 
and mammary gland, infertility and breast and prostate 
malignancies [21, 22]. Finally, neonatal exposure to BPA at 
environmentally relevant levels in mice results in alteration 
of the prostate genome [23]. Specifically, prostate phospho-
diesterase type 4 variant 4 (PDE4D4) is the target of BPA-
induced epigenetic reprogramming. PDE4D4 normally 
undergoes age-dependent transcriptional silencing via 
progressive hypermethylation of its promoter. Neonatal 
exposure of male mice to BPA or estrogen disengages the 
predestined silencing and, hence, may predispose to pros-
tatic hypertrophy or precancerous lesions [23].

55.5  Endocrine Disruption Study Design 
Challenges

The identification and characterization of “early exposure–
late effect” patterns of insult by endocrine disruptors (direct, 
indirect, reproductive, and epigenetic) pose significant chal-
lenges for investigators. To address some of these challenges, 
there is an ongoing international effort to develop, validate, 
and update contemporary animal toxicological testing meth-
odologies. The 28-day oral toxicity study (Organization for 
Economic Co-operation and Development (OECD) Guideline 
407), and the routine subacute toxicity test applied to chemi-
cals, has been enhanced to now detect potential endocrine 
disrupting actions by adding measurements that include 
serum hormone concentrations, estrus cycle features and 
weights of endocrine-related organs (ovaries, uterus, testis, 
prostate, and other organs [24]). The assay remains, how-
ever, inadequate in fully characterizing dose–response rela-
tionships, varying durations of exposures and developmental 
stages at exposure.

The two-generation reproductive toxicity study (OECD 
Guideline, 416) is used to evaluate alterations in endocrine 
homeostasis during the entire developmental and reproduc-
tive period. Because exposure to endocrine disruptors is  
continual across the lifespan, multigenerational studies 
administer the test chemical continuously to parental (P) and 
subsequent offspring generations (F1, F2…). This testing 
protocol provides more information regarding effects on 
male and female reproductive performance, and fertility. 
Furthermore, pregnancy outcomes, maternal lactation and 
offspring care, prenatal and postnatal health and survival, growth  

and development of the offspring, subsequent reproductive 
capacity, as well as potential epigenetic effects may also  
be evaluated. Presently, these multigenerational studies are 
the only reliable, nonhuman, experimental tools for the 
identification of environmental chemicals with the complex 
exposure patterns described, and potentially pervasive effects 
on all aspects of reproduction.

Contemporary epidemiologic studies seek to identify 
reproductive and/or developmental toxicants. Not only does 
such work attempt to identify critical doses, but also the addi-
tive and/or syngeristic effects of chemical mixtures in keep-
ing with the manner in which humans are exposed. Careful 
attention to the epidemiologic method is required to ensure 
valid results. Unfortunately, credible studies using current 
experimental models demonstrate equivocal low-dose effects 
with the same chemicals (National Institute of Environmental 
Health Sciences 2001). Thus, while increasingly sensitive 
screening programs and experimental models for chemicals 
and pesticides with low-dose endocrine disrupting effects  
are under development, adequately powered epidemiologic 
studies with individually (or pooled) measured concentra-
tions reflecting dose are still needed. An example of such a 
study is the ENDO Study funded by the Eunice Kennedy 
Shriver National Institute of Child Health and Development 
(http://www.endostudy.utah.edu). The ENDO Study’s aim is 
to determine if environmentally relevant concentrations of 
persistent organochlorine compounds (e.g., PCBs, DDT) are 
associated with endometriosis or other gynecologic pathology. 
Transdisciplinary approaches are needed (e.g., epidemiology, 
gynecology, biostatistics, toxicology, risk assessment) for 
answering the many critical data gaps and in communicating 
findings to targeted populations.

55.6  Endometriosis: A Marker for Endocrine 
Disruption

In light of the available experimental and human data, con-
certed study of EDCs and endometriosis is needed. This is 
further underscored by the marked declines in human fertility 
as measured by the number of live births throughout the 
developed and, increasingly the developing, world. These 
trends support the interplay of both macro (e.g., environmen-
tal pollution) and micro (e.g., behavior, diet) factors affect-
ing human fecundity and fertility. Increased prevalence of 
gynecologic (and urologic) diseases may be an earlier marker 
of diminished human fecundity, defined as the biologic 
capacity of men and women for reproduction irrespective of 
pregnancy intentions. Recognition of a purported relation 
between dioxin, (2,3,7,8-tetrachlorodibenzo-p-dioxin or 
TCDD), and endometriosis first emerged in 1993 when Rier 
and colleagues reported a significant dose-dependent increase 

http://www.endostudy.utah.edu
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in the incidence and severity of endometriosis in exposed 
Rhesus monkeys [25]. Subsequently, Yang et al. investigated 
the effects of dioxin on survival and growth of ectopic endo-
metrium in monkeys following auto transplantation [26]. 
Additional evidence supporting an association between 
PHAHs and endometriosis arose from experimental studies 
involving rodents in whom human endometrial implants 
were surgically transplanted [27]. In addition, endometriosis 
has been experimentally produced in rats and mice following 
surgical placement of endometriosis and repeated dioxin 
exposure [28]. These findings support dioxin’s ability to pro-
mote the growth of surgically placed endometriosis in spe-
cies that normally do not develop endometriosis.

Human evidence for an association between dioxin, 
PHAHs and PCBs primarily comes from seven published 
studies, available at the time this chapter was prepared. Four 
research groups reported significant positive associations 
between dioxin [29] and PCBs [30–32] and endometriosis. 
Two studies noted twofold to fourfold increases in risk of 
endometriosis in relation to dioxin and PCB exposure, 
respectively, but had confidence intervals inclusive of 1 [33–
35], respectively. One final study failed to find an association 
between PCB congeners and endometriosis [36]. A clinical 
study comprising women with peritoneal endometriosis or 
deep endometriotic nodules compared with control women 
seeking gynecologic consultation for unknown reasons also 
reported higher concentrations of total toxic equivalency 
quotients (TEQ) levels for PCDDs, PCDFs, and dioxin-like 
PCBs. However, laparoscopic confirmation of disease was 
not required nor did final logistic models retain potential 
confounders [37].

Ecologic evidence is consistent with observational 
research. Specifically, Belgium has some of the highest 
breast milk dioxin concentrations in the world, and also a 
high prevalence of endometriosis [38]. Significantly, higher 
incidence rates of endometriosis were reported among 
women aged 25–44 years who resided in federally or state-
designated national priority and superfund sites and who 
were discharged from New York State hospitals in compari-
son to three other groups of women: (1) New York State resi-
dent women, (2) Upstate New York (exclusive of New York 
City) women residing in geographic areas without concern, 
and (3) Upstate New York residents residing in other federal 
or state superfund sites [39].

While the pathophysiologic mechanisms underlying 
exposure to dioxin and other PHAHs and the development of 
endometriosis are not fully documented, a number of path-
ways have been suggested: (1) alterations in the synthesis 
and metabolism of estradiol; (2) alterations in the production 
of proinflammatory growth factors or cytokines; and (3) mis-
expression of remodeling enzymes [40]. Exposure profiles of 
PHAHs in humans and primates have been compared. Rier 
and Foster compared lipid adjusted body burdens of PCDDs, 

PCDFs, PCBs, and total PHAHs (ppt) in human and monkey 
samples and reported 2–20-fold higher concentrations in 
humans than TCDD-exposed monkeys with endometriosis 
[40]. These findings suggest that current background expo-
sures for human females may be in the range where adverse 
human health effects could be anticipated. The facts described 
above and the ubiquitous nature of endocrine-disrupting 
chemicals raise significant concerns and warrant further 
study. Some hypothesized xenobiotic mechanisms of action 
include: (1) altered enzyme pathways and/or gene-dependent 
activities; (2) reproductive impairments; and/or (3) trans-
generational effects. A brief review of each follows.

55.7  Altered Enzyme Pathways and/or 
Gene-Dependent Activities

55.7.1  The Arylhydrocarbon Receptor

Dioxin is a general term that describes a group of polyhaloge-
nated aromatic hydrocarbon (PHAHs) chemicals that are 
highly persistent in the environment. Tetrachlorodibenzo-p-
dioxin (TCDD) is the prototypical polyhalogenated aromatic 
hydrocarbon (PHAH), whose chemical structure is illustrated 
in Fig. 55.1. Dioxin is an unintentional by-product of many 
industrial processes involving chlorine such as waste incin-
eration, chemical and pesticide manufacturing, and pulp or 
paper bleaching. It was the primary toxic component of Agent 
Orange, the pollutant found at Love Canal in Niagara Falls, 
NY and was the basis for evacuations at Times Beach, MO 
and Seveso, Italy. Dioxin and related chemicals resist degra-
dation and, therefore, bioaccumulate and biomagnify within 
the food chain because of their lipophilic nature. The inges-
tion of contaminated foods is the most common source of 
TCDD and PHAH exposure in humans. Industrial accidents, 
accidental exposures, and wartime are additional sources of 
acute exposure. The xenobiotics PHAH, PCDD, PCDF, PCBs 
possess endocrine disrupting activities, having an affinity for 
the arylhydrocarbon receptor (AhR).

Multiple studies suggest that the toxicity of (TCDD) and 
other PHAH-like chemicals is mediated via the arylhydrocar-
bon receptor [41–45]. The cytosolic AhR has a basic helix–
loop–helix configuration, which acts as a signal transducer 

Fig. 55.1 Structure of dioxin (TCDD)
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and transcription factor. With receptor activation, the receptor–
ligand complex is translocated by the AhR nuclear translocator 
(ARNT) to the nucleus resulting in subsequent transcriptional 
activation. Targeted genes of this activation complex include 
the cytochrome P-450 complex [42] as well as genes involved 
in cellular growth, differentiation, immune regulation, and 
inflammation. A number of potential mechanisms of TCDD 
action have been proposed [43] (Fig. 55.2). Other xenobiotics 
demonstrating a high affinity for AhR with similar toxic 
effects include polychlorinated dibenzo-p-dioxins (PCDDs) 
and dibenzofurans (PCDFs) substituted in the 2,3,7,8 lateral 
positions. Additionally, nonortho and monoortho polychlori-
nated biphenyls (PCBs) are AhR agonists and participate in 
the toxicity of PHAHs [44–49].

55.7.1.1  Ahr Activation and Its Effect on Cytochrome 
P450 Aromatase

Human endometrial explants treated with TCDD demon-
strate increased expression of AhR mRNA as well as the 
mRNA of the dioxin-responsive gene P-4501A [46, 47]. 
Ovarian endometriotic cells also demonstrate increased AhR 
mRNA and an eightfold increase in P-4501A1 mRNA com-
pared to uterine endometrium [48, 49]. Endometriotic tissues 
demonstrate increased expression of P-450 aromatase, and 

de novo estrogen synthesis [50] and endometriotic lesions 
have been observed to regress following treatment with 
an aromatase inhibitor indicating a role for aromatase in the 
maintenance of the lesions [51]. Therefore, dioxins may act to 
promote endometriosis through aberrant activation/induction 
of P-450 isoenzyme expression and the resultant local 
increase in estrogen production and its growth-enhancing 
estrogenic effects on the endometriotic tissues as well as 
other possible agonist and antagonistic effects (Fig. 55.2). 
Of concern to toxicologists is the myriad of AhR-interacting 
xenobiotics. A number of outcomes with AhR and ARNT 
are possible including the direct effect of the activation of 
AHR-ARNT-regulated genes or an indirect effect resulting 
from decreased availability of either the AHR or ARNT to 
participate in different transactivation complexes [45–50] 
(Fig. 55.2).

55.7.1.2  Activation of Inflammatory Cascades

Endometriosis is associated with chronic inflammation and 
local expression of proinflammatory mediators and cytok-
ines by the ectopic endometriotic cells and associated leuko-
cytes. These inflammatory mediators affect endometrial 
growth, tissue remodeling and immune system function. The 
role of dioxin in the creation of inflammatory cytokines 

Fig. 55.2 Possible models for the mechanism of action of TCDD toxicity, which most likely results from alterations in gene expression induced 
by arylhydrocarbon receptor (AHR) – arylhydrocarbon receptor nuclear translocator ARNT activity. This may be either a direct effect of the activa-
tion of AHR-ARNT-regulated genes or an indirect effect resulting from a decrease in the availability of either the AHR or ARNT to participate in 
different transactivation complexes [45]. (Reprinted from Schmidt JV, Bradfield CA. Ah receptor signaling pathways. Annu Rev Cell Dev Biol 
1996;12:55–89 with permission from Elsevier)
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interleukins 1 and 6 (IL-1, Il-6), tumor necrosis factor- alpha 
(TNF-a), interferon gamma (IFN-gamma), transforming 
growth factors (TGF-a, TGF-a), and remodeling matrix 
metalloproteinase enzymes (MMPs) is well-documented 
including within endometriotic tissues [52, 53]. Furthermore, 
the dioxin-response element (DRE) of AhR is present in the 
genes of many potent inflammatory mediators including 
TNF-alpha, IL-1b, IL-6, and IFN-gamma [54, 55].

In particular, the cytokine TNF-a may play a significant 
role in TCDD-induced toxicity and promotion of endometrio-
sis. Both TCDD and TNF-alpha administration to rodents 
enhanced the leukocyte inflammatory responses and cellular 
infiltration of macrophages and neutrophils into the perito-
neal cavity following antigenic challenge that could be 
blocked by neutralizing the endogenous TNF-a activity [56]. 
Other investigators have shown that acute TCDD exposure 
increases both peritoneal and peripheral blood leukocyte pro-
duction of TNF-a [57]. Moreover, the fact that dexametha-
sone or TNF antibody can reverse the morbidity or mortality 
associated with TCDD toxicity in the rodent serve as addi-
tional evidence implicating TNF-a [58]. Activating the 
inflammatory network locally results in the production of 
cyclooxygenase 2 (COX-2) and prostaglandin E2 (PGE2), 
which also induces chronic local estrogen production that 
may foster the development and maintenance endometriotic 
lesions [59, 60]. In addition to the induction of increased 
estradiol production, activation of the inflammatory network 
also suppresses progesterone action causing an increase in 
estradiol production [61], and causes the misexpression of the 
remodeling enzymes matrix metalloproteinases (MMPs) [27, 
53, 62–64], which may prolong endometriotic cell survival 
[65, 66]. Dioxin has been shown to facilitate the survival of 
endometrial implants in cynmologous monkeys [26].

55.7.1.3  Local Dysregulation of Steroidogenesis

Although the total amount of estrogen produced locally by 
endometriotic lesions through aromatase activity is small, its 
local biological effect may be substantial. Aromatase activity 
in endometriosis has been extensively studied [60, 61, 67]. 
High levels of aromatase expression in the endometriotic 
lesions, a positive feedback loop involving PGE2, and 
increased aromatase mRNA in the eutopic (intrauterine) 
endometrial samples of women with moderate or severe endo-
metriosis, but not in disease free (intrauterine) endometrial 
samples, are some of the notable findings in these studies. 
Recent studies confirm that local dysregulation of aromatase 
plays a significant role in local estrogen production [68].

The most important substrate for aromatase in endometri-
otic lesions is androstenedione giving rise to estrone (E1), a 
weak estrogen. For full activity, E1 must be converted to estra-
diol (E2). The 17b hydroxysteroid dehydrogenase (17b-HSD) 

enzyme is key in the biosynthesis of both estradiol and 
testosterone, with 17b-HSD type 1 catalyzing the conversion 
of E1 to E2 and 17b-HSD type 2 converting E2 to E1 [69, 70]. 
Progesterone stimulates 17b-HSD type 2 activity, however, 
in endometriotic lesions, 17b-HSD type 2 activity in the 
epithelium is deficient, giving rise to locally increased levels 
of estradiol [71].

Although the evidence is indirect, TCDD has been shown 
to selectively downregulate stromal PR-B expression and 
increase matrix metalloproteinases (MMP) expression in 
both stromal and epithelial cells suggesting that exposure to 
this toxin may negatively impact P-mediated cell–cell com-
munication (and possibly 17b-HSD type 2) in the human 
endometrium and likely also in endometriotic lesions [72]. 
TCDD alters tissue remodeling processes and promotes 
endometriosis by disrupting progesterone regulated expression 
of MMPs in a nude mouse model. The MMPs are critical to 
endometriosis establishment. Progesterone, in the absence of 
TCDD, suppresses MMP production. TCDD exposure blocks 
the routine progesterone induced suppression of MMP [27, 
53, 62–64]. These studies provide background data suggest-
ing an association between the agents of concern and the 
evolution of the endometriotic lesion in animal models. Their 
potential role in the development of endometriosis in women 
remains to be proven.

55.7.2  Abberant Endometriotic Gene 
Expression

Giudice and colleagues have elucidated the intrinsic abnor-
malities in gene expression of eutopic endometrium in women 
with endometriosis [73]. Some of the genes and gene products 
aberrantly expressed in eutopic endometrium of endometriosis 
patients include: aromatase, endometrial bleeding factor, 
17b-hydroxysteroid dehydrogenease (17b-HSD), HoxA10, 
HoxA11, Leukemia inhibitory factor, matrix metalloprotei-
nase 7 and 11, and the progesterone receptors. Endometriotic 
tissues may show dysregulation of the following genes or gene 
products compared to eutopic endometrium: matrix metallo-
proteinase 1, 2, 3, 7, 11; cathepsin D, plasminogen activator, 
vascular endothelial growth factor; aromatase; 17b-HSD, pro-
gesterone receptors, haptoglobin (ENDO-1); and, tumor 
necrosis factor a [74]. The complex patterns demonstrated 
suggest potential underlying genetic predispositions to the 
establishment of endometrial cells refluxed to the pelvic peri-
toneum. These genetic predispositions may set the stage for 
xenobiotic induced endometriosis and at the same time obscure 
the effects of xenobiotics in a study of endometriosis which 
does not also account for such predispositions. Thus, contem-
porary investigations must include adjustments for the genetic 
diversity in the population studied.
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55.7.3  Reproductive Impairment

In addition to the disrupting events on enzyme pathways and/
or gene-dependent activities noted above, the potential repro-
ductive impairment resulting from environmentally induced 
endometriosis include the following observations in humans. 
Endometriosis is a leading cause of infertility and, therefore, 
a major health concern to our population. Endometriosis has 
a prevalence of 0.5–5% in fertile and 25–40% in infertile 
women as reported in a recent review [75]. Clearly the choice 
of the study population may have important implications 
when assessing the role of environmental factors and endo-
metriosis. According to the Centers for Disease Control and 
Prevention [14], the number of couples who report difficulty 
becoming pregnant or carrying a pregnancy to term has 
grown from 6.1 million in 1995, to 7.3 million in 2002. Using 
data from the US National Survey of Family Growth, there 
has been cross-sectional evidence that infertility rates have 
continually increased for women aged 20–24 years and in 
black women. Worldwide data confirm the decline in fertil-
ity, but do not quantify responsible factors including behav-
ior, biology, or a combination of the two (Fig. 55.3).

Few studies have estimated the incidence of endometriosis, 
especially in a population-based design. One notable excep-
tion was conducted in Rochester, Minnesota, from 1970–
1979. The estimated age-specific incidence of surgically 
reported and histologically confirmed endometriosis among 
white women aged 25–29 and 30–34 years was 150 and 200 
cases per 100,000 person years, respectively [77, 78]. The 
peak incidence was observed for women aged 40–44 years 
(approximately 350 cases/100,000 person-years) (Fig. 55.4). 
The National Hospital Discharge Survey indicated that the 
prevalence of endometriosis requiring hospitalization peaked 
between the ages of 40–44 years, supporting the age-specific 
incidence finding [79].

Using data from the Nurses Health Study, II, the incidence 
rate of endometriosis among women aged 25–29 years with-
out a prior history of infertility was 300 cases/100,000 
person-years [80] (Fig. 55.5). However, incidence increased 
to 3,360 cases/100,000 person-years among similarly aged 

infertile women. Diagnostic criteria, disease recognition, 
healthcare-seeking behavior including the increased utiliza-
tion of laparoscopy may explain, in part, the increase in 
incidence. However, these findings also are consistent from 
an ecologic perspective of an environmental etiology.

In addition to the potential increase in the incidence of 
infertility and endometriosis, the outcomes of pregnancies 
associated with endometriosis may be compromised. In a 
recent retrospective cohort study, the preterm birth rate 
increased among women with ovarian endometriosis when 

Fig. 55.3 Changes in fertility rates in developing and industrialized countries. The green line is the 2.1 fertility rate, which is necessary to sustain 
a population at its current level (from World Bank 2005) [76]. (Graph adapted from data provided by the World Bank)

Fig. 55.4 Age-specific incidence rates of pelvic endometriosis per 
100,000 person-years for white females 15–49 years of age in Rochester, 
MN, during 1970–1979, by types of cases included in rate numerators. 
HC histologically confirmed, SV surgically visualized, CPR clinically 
probable, CPO clinically possible [77, 78]. (Reprinted from Houston 
DE. Evidence for the risk of pelvic endometriosis by age, race and 
socioeconomic status. Epidemiol Rev 1984;6:167–191 by permission 
of Oxford University Press)
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compared to unaffected women using community birth 
records (n = 850,000). Furthermore, in women with ovarian 
endometriomata utilizing assisted reproductive technologies, 
a statistically significant increase in small for gestational age 
(<10th percentile of weight for gestation) deliveries was 
found when compared to women with other forms of endo-
metriosis [81].

55.7.4  Epigenetic Effects

While epigenetic alterations from endocrine disrupting 
chemicals are yet to be fully elucidated with regard to endo-
metriosis, indirect evidence is accumulating. In a recent 
study, the expression of HOXA10 in the eutopic endome-
trium of baboons with induced endometriosis showed a nota-
ble decrease in HOXA10 mRNA which was observed after 
12 and 16 months of disease. HOXA10 protein levels were 
decreased in both the epithelial and stromal cells of the endo-
metrium. Furthermore, expression of beta 3 integrin (ITGB3), 

which is upregulated by HOXA10, was decreased, whereas 
EMX2, a gene that is inhibited by HOXA10, was increased. 
Methylation patterns of the HOXA10 gene were analyzed in 
both diseased and control animals. The F1 region on the pro-
moter was found to be the most significantly methylated in 
the endometriosis animals, and this may account for the 
decrease in HOXA10 expression. These methylation patterns 
may set the stage for generational effects [82]. Although not 
yet identified in endometriosis, epigenetic effects of the 
PHAH endocrine disrupting chemicals has been reported by 
Couture and colleagues [83]. Exposure of mouse preimplan-
tation embryos to TCDD was found to inhibit fetal growth in 
a response characterized by changes in the methylation status 
of the imprinted genes H19 and IGF [84]. Additionally, 
TCDD has been shown to induce histone modifications in 
normal human mammary epithelial cells [85].

55.8  Reproductive Health Effects  
of Environmental Chemical Exposure

Using endometriosis as an example for weighing evidence 
that environmental chemicals may affect gynecologic health, 
it is important to appreciate that other conditions may have a 
similar etiology. It remains plausible that a structural group-
ing or mixture of chemicals may give rise to various gyneco-
logic disorders. Recently, some authors have suggested the 
need to develop a paradigm for considering the effects of 
EDCs on gynecologic health similar to the approach used for 
males. Borrowing from this collective body of work known 
as the testicular dysgenesis syndrome (TDS), Buck Louis 
and Cooney advocated for considering ovarian dysgenesis 
syndrome (ODS) [86]. To this end, the authors posit that in 
utero exposure to hormonally active agents such as EDCs 
may permanently reprogram the fetus and, thereby, increas-
ing susceptibility for later onset gynecologic disorders. This 
hypothesis supports considering a spectrum of gynecologic 
disorders (e.g., endometriosis, fibroids, premature ovarian 
insufficiency, and polycystic ovaries) as possibly sharing 
similar etiologic mechanisms that arise in utero. As demon-
strated using endometriosis as a marker, we have only a cur-
sory knowledge of the potential reproductive health effects 
of environmental chemicals. Recently, the term Ovarian 
Dysgenesis Syndrome has been proposed for a number of 
adverse reproductive effects, including endometriosis, attrib-
uted to endocrine-disrupting chemicals as reviewed by Buck 
Louis and Cooney [86].

Table 55.1 summarizes select experimental and observa-
tional data including animal, human cell line and human data 
focusing on environmental exposures and their effect(s) on 
reproduction.

Fig. 55.5 Nonparametric regression curve of the age-specific inci-
dence of laparoscopically confirmed endometriosis among premeno-
pausal women with no past infertility in the Nurses’ Health Study II 
(1989–1999) (not adjusted for covariates). Dashed and dotted lines, 
95% confidence intervals [80]. (Reprinted from Missmer SA, Hankinson 
SE, Spiegelman D, Barbieri RL, Marshall LM, Hunter DJ. Incidence of 
laparoscopically confirmed endometriosis by demographic, anthropo-
metric, and lifestyle factors. Am J Epidemiol 2004;160:784–796 by 
permission of Oxford University Press)
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55.9  Actions

While the animal evidence for EDCs reproductive impairment 
and potential epigenetic affects has accumulated over time, 
epidemiologic research has lagged especially from a popu-
lation perspective. In 1996, the EPA’s Office of Research and 
Development identified endocrine disruption as one of its top 
six research priorities and developed a risk-based research 
approach to address concerns (http://www.epa.gov/ORD/
WebPubs/final). Three long-term goals were identified:

First, providing a better understanding of the science 
underlying the effects, exposure, assessment, and risk man-
agement of endocrine disruptors. Research in this area 
includes determining dose–response relationships, the effects 
of exposure to multiple endocrine disruptors, major sources 
of exposure, and approaches for managing risks.

Second, determining the extent of the impact of endocrine 
disruptors on humans, wildlife, and the environment. 
Research includes determining what effects are occurring in 
human and wildlife populations, the chemical classes of 
greatest concern, the ambient levels of exposure, and how 
unreasonable risks can be mitigated.

Third, supporting EPA’s screening and testing program. 
Developing needed computational tools as well as in vitro 
and in vivo assays in support of the implementation of a 
screening and testing program for endocrine disruptors, 
required by the 1996 Food Quality Protection Act.

The Eunice Kennedy Shriver National Institute of Child 
Health and Human Development is completing two popula-
tion-based epidemiologic studies designed to evaluate a num-
ber of persistent environmental chemicals and their associations 
with couple fecundity and gynecologic disorders. (http://www.
lifestudy.us and http://www.endostudy.utah.edu) Advocacy 
groups continue to press for additional studies, information, 
and regulation. Government agencies, in concert with advo-
cacy and industry groups, hopefully will develop adequate 
testing paradigms, establish toxic exposure levels, clean up 
and eliminate documented endocrine disrupting chemicals, 
and recommend steps to avoid future unrecognized toxic 
exposures.

Scientists, health-care professionals, community activists, 
and politicians met in 2007 for the Summit on “Environmental 
Challenges to Reproductive Health and Fertility,” wherein 
directions for the advancement of reproductive environmental 
health through research, health-care policy, and community 
action were outlined. These recommendations included: lon-
gitudinal animal and human studies including the full life 
cycle; leveraging existing mechanisms for data collection to 
include semen analyses into the CDC’s NHANES study; bio-
marker discovery; overcoming regulatory obstacles; increased 
funding for research of individual and mixed chemical expo-
sures, fetal programming and transgenerational effects, low-
dose effects, nontraditional dose–response curves, cross-talk 

among endocrine receptors, and the identification of new 
emerging contaminants [11]. Future scientists in the field of 
reproductive endocrinology are well-advised to keep abreast 
of and participate in the basic, clinical and epidemiologic 
studies that will be required to keep our environment free of 
endocrine disrupting chemicals.

55.10  Conclusion

A considerable body of research offers support for an envi-
ronmental etiology for adverse male and female reproductive 
effects gynecologic diseases. Of key concern are the hor-
monally active agents such as endocrine disrupting chemi-
cals that may alter the synthesis, secretion, transport, binding, 
or elimination of natural hormones. The complexity of diag-
nosing many gynecologic conditions and reproductive dys-
functions coupled with the healthcare-seeking behaviors of 
affected individuals including access to healthcare make it 
difficult, as yet, to quantify how much and in what capacity 
the environment may be affecting reproductive and general 
health. Reproductive scientists have a role in helping to fill 
these and other critical data gaps. Working as a part of 
research teams to help recruit individuals, obtain biologic 
specimens for quantifying exposure or assessing biomarkers 
or disease susceptibility, as well as participating in interdis-
ciplinary teams to develop strategies for communicating risk 
and uncertainty will be critical roles for reproductive special-
ists in the future.
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A
Academic medical centers (AMC)

ART program, 15
invention agreement, 765
service designation site, 30

Acid Tyrode (AT)
embryonic hatching, 602
PZD, 608

Acquired immune deficiency syndrome (AIDS)
donor sperm, 510
HIV-1 DNA detection, 518

Acridine orange test (AOT)
correlation, 471
DNA breaks, 470

Acrosomal exocytosis (AE)
calcium influx, 396
ion channels, 397
lipid rafts, 397
models, 396
phospholipases, 397
signaling pathways, 398
sperm-egg coat binding

acrosome biogenesis and structure, 394
calcium-dependent signaling, 393
oocyte zona pellucida, 393–394
sperm-zona binding, 394–395

Activated protein C resistance (APCR), 290
ADAMTS (a disintegrin and metalloproteinase with thrombospondin)

ECM families, 125
proteinases, 123

Adenomyosis
cause, 246–247
diagnosis, 247–248
manifestations, 247
MRI, 248
patient characteristics, 247
possible involvement, infertility, 249
postulated mechanisms, 248
prevalence, 247
and subsequent fertility

endometriosis, and, 250
pregnancy rate, 249
risk, 249–250
UAE, 249

Adult onset adrenal hyperplasia (AOAH)
hirsutism, 154
21-hydroxylase deficiency, 169–170
17-OHP levels, 158–159

Adult respiratory distress syndrome (ARDS)
mechanical ventilation, 713
OHSS, 711

AE. See Acrosomal exocytosis
AhR nuclear translocator (ARNT), 790
AIDS. See Acquired immune deficiency syndrome
AIs. See Aromatase inhibitors
AMC. See Academic medical centers
American Association of Bioanalysts (AAB), 56, 66
American Association of Tissue Banks (AATB), 72
American Board of Bioanalysis (ABB), 61, 65–66
American Fertility Society (AFS), 252
American Society for Reproductive Medicine 

(ASRM)
alert on TS, 318
donor sperm banking, 72
guidelines, 61
infertility, definition, 133
Müllerian anomaly classification system, 266, 

269–274
posthumous donation, 20, 21
recommendations

ART practice, 17, 28–30
donor sperm usage, 510
embryos, 681, 717
myomectomy, 242

AMH. See Anti-Müllerian hormone
Androgen-secreting ovarian and adrenal tumors

evaluation step, 172
neoplasms, androgen-production, 173
nonfunctioning ovarian tumors, 173
steroid cell tumors, 173
stromal hyperplasia and stromal hyperthecosis, 

173–174
testosterone and DHEAS levels, 172

Angelman syndrome, 596
Anonymous oocyte donor, 89
Anti-Müllerian hormone (AMH)

measurements, 704
production, 266

Antinuclear antibodies (ANA), 289
Antiphospholipid syndrome (APS)

ANA, 289
clinical recommendation, 289–290
IVIG, 288
pregnancy complication model, 288–289
role, pregnancy loss, 288
UF/LMWH, 288

Antipolyspermy defense, 402–403
Antisperm antibody (ASA), 138
AOAH. See Adult onset adrenal hyperplasia
AOT. See Acridine orange test
APS. See Antiphospholipid syndrome
ARDS. See Adult respiratory distress syndrome
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Aromatase inhibitors (AIs)
advantages, 529
gonadotropins, 530
pregnancy and birth, 529
surgical methods, 529–530
transient estrogen receptor, 529

ART. See Assisted reproductive technology; Assisted reproductive 
therapies

Arylhydrocarbon receptor
cytochrome P450 aromatase, 790
inflammatory cascades, 790–791
steroidogenesis, 791
TCDD, 789–790

Asherman syndrome
classification, 251–252
clinical presentation, 250
definition, 250
diagnosis, 252–253
IUA, 250–251
prevalence, 252
prevention strategies

adhesion barrier, 256
IUA, 258
pharmacologic adjunct, 255
separation, 255–256
serial adhesiolysis, 256–257

surgical procedures
cervical ripening, 254
13F Pratt cervical dilator, 254
hysterotomy, 253
menstrual effluvium, 254
resectoscope vs. Versapoint bipolar electrosurgical system, 

253–254
scoring procedure, 254–255

therapeutic outcome, 257–258
therapy, 253

ASRM. See American Society for Reproductive Medicine
Assisted embryo hatching (AH), 602
Assisted reproductive procedure event tree, 113
Assisted reproductive technology (ART)

assent, minors, 50–51
complicated pregnancies, risk, 715
document storage, 52
egg donations

donors risk, 49–50
oocyte donors, 49

embryo cryopreservation, 51
ethical and medical issue, 521
genital tract infections, 521
induction and embryo transfer, 522
infertility factors, 520–521
IVF/ICSI

audio-visual presentation, 44
difficulties, 44
documents, 43
domains, specific, 45–47
futility, 47–48
impaired decision makers, 48
precautionary principle, 48
pregnancy/no pregnancy, 44
randomized trials, 43–44

oocyte and ovary tissue cryopreservation, 50
patients consent, 761
PGD and PGS

counseling and issues guideline, 49
key elements, 48–49

posthumous donation

ESHRE, 52
gamete harvest, 52
sperm/ova harvest, complex issue, 51–52

serodiscordant couples, 520
sperm aneuploidy, 424–425
sperm DNA damage, 424
sperm washing technique, 521
tissues and embryos, 759
treatment progression, 102
zona-pellucida binding assay, 427

Assisted reproductive therapies (ART)
cross contamination

artificial insemination, 513
hepatitis B transmission, 513–514
LN tanks and levels, 514

donor sperm
regulations, 510
STDs, 510

frozen semen
artificial insemination, 514
gradient centrifugation, 515

sperm banking, 509–510
sperm cryopreservation

laboratory procedures, 511–512
laboratory techniques, 512–513
storage, 513
transport, 514

sperm donor testing
federal and state regulations, 511
sex committed relationships, 511
sexually transmitted infections, 511

AT. See Acid Tyrode
Australian and New Zealand Assisted Reproduction Database 

(ANZARD), 66
Azoospermia

comparison, 462
nonobstructive

diagnostic biopsy and multibiopsy TESE 
cryopreservation, 460

finding sperm chances, 459
fine needle aspiration mapping and map-directed,  

461–462
FNA mapping, 462
microdissection TESE, 460–461
multibiopsy TESE, 460
vs. obstructive, 462
retrieval strategies, 459

obstructive
definition, 457
negative pressure, 458
oocyte fertilization rates, 458–459
percutaneous core biopsies, 458

Azoospermia factor (AZF), 593

B
Basic wash preparation

decapacitation factors, 500
protocol, 500–501

Bayh-Dole act, 763, 765
Beckwith-Weidemann syndrome (BWS)

analysis, 596
ART, 721
characteristics, 596
definition, 721
risk, IVF, 596

Belmont report principle, 748
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Blastocyst cryopreservation
blastocoele, 694–695
cavity, 694–695
cryostraws, 694
freezing and thawing solutions, 694–695
morphological changes, human, 694
re-expansion, 694–695
transferred embryos, 695

Blastomere
embryo

biopsy, 651
division, 651
selection, 650–651

preparation and nuclei fixation, 651–652
Bone marrow transplantation (BMT), 705

C
Caffeine, 506
CAH. See Congenital adrenal hyperplasia
cAMP response element-binding (CREB) protein, 120
Cancer, childhood, 703
Cardiac magnetic resonance angiography 

(CMRA), 313
CAVD. See Congenital agenesia of vas deferens
Centers for disease control (CDC)

ART practices, 17
CLIA, 56
infertility rates, 792
IVF data collection, 45, 53
pregnancy data, FCSRCA, 66

Cervical factor subfertility
pregnancy results, 491
semen parameters, 490

CF. See Cystic fibrosis
CFR. See Code of federal regulations
CGTP. See Current good tissue practice
Childlessness, 96–97
Chromosome segregation errors

family linkage analysis
trisomy 21, 329–331
trisomy 13 and 18, 331

fetal ovaries, behavior
abnormalities elimination, 329
meiotic crossovers analysis, 328
oocyte crossover patterns, 328–329

meiosis, 325
meiotic process, male vs. female

frequency, 326
incidence, 326
timing, 325–327

oocyte aneuploidy, direct evaluation
CGH, 333–334
description, 331–332
in early human embryos, 336–337
FISH, 332–333
in human oocytes, 334–335
karyotyping, 332

PGD
chromosomal rearrangements, 337
diagnosis, 337
PB analysis problems, 337–338
PGS, 337
RCT, 339
screening, 339–340
single blastomere analysis, 339

problem, oogenesis, 327

Chromosome synapsis errors, infertile men, 362
Cleavage stage embryos, cryopreservation

blastomeres, 693
first pregnancy, 693
implantation potential, 693
multicell embryo, 693
vitrification, 693–694

Clinical Laboratory Improvement Amendments (CLIA).  
See also Reproductive laboratory regulations

inspections and sanctions, 58–59
laboratory definition, 56
laboratory personnel certification, 65–66
patient test management, 57
personnel requirements and responsibilities

clinical consultant, 58
complexity testing, 57
director responsibilities, 57–58

proficiency testing (PT), 56
quality assessment, 58
quality control (QC), 57

Clinical research infrastructure
administrative

accounting, 745–746
human resources, 745
institutional review board specialist, 746

financial support
federal and non-profit sponsers, 746
fundraising, 747
indirect costs, 746
participant remuneration, 747
protocol expenses, 747
sources, 746
subcontracts, 747

IRB/compliance
accountability levels, 747
consent process, 748–749
ethical principles, 748
FDA, 748
HIPAA, 748
review process, 749
rule and subparts, 748

NICHD networks, 741
patient population

population-based recruitment, 743
specialty-based recruitment, 742–743

personnel research, 744–745
protocol

grants vs. contracts, 744
single site vs. multi-site, 744

puerperium, 741
Clinic staffing model, 8
Clomiphene and tamoxifen

adjunctive agents, 529
adverse effects, 527
with dexamethasone, 528
dosing and administration, 526–527
insulin enhancing agent, 528
measures, 528
monitoring, 527
pharmacology, 526
pregnancy outcomes, 527–528
pretreatment suppression, 528–529
side effects, 527

Code of federal regulations (CFR)
board, 758
compliance, 757
IRB, 4
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COH. See Controlled ovarian hyperstimulation
Coitus inter-ruptus, 580
Collaborative Stillbirth Research Network (CSRN), 743
College of American Pathologists (CAP)

description, 64
inspections and accreditation, 64
performance standards and checklist, 64

Comparative genomic hybridization (CGH)
oocyte aneuploidy, 333–334
single blastomeres, 339

Complementary/alternative medicine (CAM), IVF
acupuncture, energy forces, 728
medical systems, 727
outcome data, non-IVF

adjuvant acupuncture, 731
auricular acupuncture, 730–731
confounding variables, 733
embryo transfer and oocyte retrieval, 731
meta-analysis, 733
Paulus protocol, 732–733
peri-operative analgesia, 730–731
placebo needling, 731
pregnancy rates per transfer, 733
sham acupuncture, 732
sham control groups, 731–732
trials, 733

physiological changes, b-endorphin
anxiety and depression, 729–730
autonomic nervous system and blood flow regulation, 729
follicular fluid levels, 728
opioid peptides, 728
POMC gene expression, 728–729
pro-opiomelanocortin, 728

Complete androgen insensitivity syndrome (CAIS), 438
Congenital adrenal hyperplasia (CAH)

21-hydroxylase deficiency, 169
NCCAH

AOAH treatment, 170
genetics, 21-hydroxylase deficiency, 171
prenatal diagnosis and treatment, 171

11ß-hydroxylase deficiency, 171–172
3ß-hydroxysteroid dehydrogenase deficiency, 172

Congenital agenesia of vas deferens (CAVD)
mono/bilateral, 434
patient, 434

Continuing education units (CEUs), 6, 59
Controlled ovarian hyperstimulation (COH)

clomiphene citrate, 488
gonadotropins, 489

Conventional FISH, 653
Cryopreservation

cryodamage
cold shock, 691
ice crystal formation and solution effects, 691–692
osmotic stress, 691
physical events, cells, 691

cryoprotectant agents
equilibrium and nonequilibrium, 690
groups, 689
morphological appearance, 690
toxicity, 690

human embryos
blastocyst, 694–695
cleavage stage, 693–694

human oocytes
biophysical characteristics, 696

childbearing age, 695
quality, 697
rapid cooling rate, 696
sucrose, 696

oocytes and embryos storage
cross-contamination, 697–698
safety, 697

slow freezing
cooling rate, 690
equilibration, 690
thawing, 690–691

sperm
donor samples, 504
patient samples, 504

vitrification
dangerous temperature zone, 692
slow freezing, 692
water freezing temperature, 692

Cumulus cells
hCG priming, 640–641
oocyte maturation, 634–635

Current good tissue practice (CGTP)
inspections and enforcement, FDA, 86–87
labeling aspect, cryopreserved tissue, 86
manufacturing arrangements, 85–86
sections, 85

Cushing's syndrome
adrenal cortex classes, 166
causes, 166
diagnostic workup, 168
screening, 166, 167
treatment

ACTH-independent forms, 166–167
medical therapy, 169
surgical and radiation therapies, 167–169

Cyclooxygenase (COX), 122
Cystic fibrosis (CF)

CFTR protein, 434
description, 648
Wolffian ducts, 383

Cystic fibrosis transmembrane regulator (CFTR) protein
genetic testing, mutations, 370, 373
mutation, 434

Cytokines and chemokines
CC-chemokine RANTES, 127
interleukin-1, 126
macrophage-CSF, 126
MCP-1 expression, 127
subgroups, 126

Cytomegalovirus (CMV) testing, 78

D
Dense fibrillar component (DFC), 666
Density gradient preparation

centrifugal force, 501
protocol, 501

Detoxification mechanism, 570
Directed sperm donor

eligibility/transfer/labeling/tissue handling, 90
situation, 89–90

Donor eligibility final rule
departures, procedures and deviations, 84–85
determination

cryopreserved tissue, 79
description, 79
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oocyte and sperm, 79
performance process, 79–80
screening, 81–82
test result basis, 80

guidance, 74
labeling, 82–84
program, 75
quarantine, storage and shipping, 84
recordkeeping, 82
screening (See Donor screening)

Donor screening
definition, 75
medical history, 75–76
medical records review, 75
physical performance, 76
relevant donor review, 76
SIP, 75
testing

cytomegalovirus (CMV), 78
infectious disease, 78
plasma dilution, 78
RCDADs, 77–78
specimen time duration, 76–77

Donor testing. See also Donor screening
definition, 75
description, 76–78

Doppler effect
definition, 546
radar devices, 546
ultrasound application, 546

Down syndrome, 221
Duffy antigen receptor for chemokines (DARC), 126

E
Early cleavage (EC)

observation timing, 668–669
stage embryos, 693, 696

ECMs. See Extracellular matrices
EDCs. See Endocrine disrupting chemicals
Egg donations

donors risk, 49–50
oocyte donors, 49

Electroejaculation (EEJ), 505
Electronic medical record (EMR) systems, 40
Embryo cryopreservation

low-temperature storage methods, 707
ovarian stimulation protocol, 707

Embryo culture
animal, 614–615
cleavage division, salt solution, 614
development, 628
IVF

advances, 615
air quality, 616
human baby, 615
incubator gas phase, 617–618
inseminating rabbit and guinea pigs, 613
landmark events timeline, 614
light, 616–617
media, 618–623
temperature, 616

oocyte and embryo
density, 627
fertilization, 627
insemination, 626–627

somatic cell co-culture, 628
transfer day, 627–628

pH, 618
plating considerations

dish equilibration, observation and media renewal, 626
limitations, 623–625
oils, 625
plate design, 623

Embryogenesis
aneuploidy

incidence, human, 591
Klinefelter syndrome, 592–593
paternal origin, human, 592
sperm chromosome and reproduction, 592

diagnostic screening, male, 597
DNA methylation, gametes and embryos

CpG dinucleotides, 595
gestational trophoblastic disease, 596
imprinting diseases, 596, 597
PGCs, 595

epigenetic factors
DNA, 595
germ cell and embryo development, 595

Y chromosome microdeletions
and ART outcome, 594
AZF, 594
fertile and infertile man, 593–594
phenotypes, 593
testing and standardization, 594–595
Yp and Yq, 593

Embryo transfer (ET), IVF
alternative methods, 681
blastocyst vs. cleavage stage embryo transfer

implantation rate, 683
temporal synchronization, 683

catheter preparation
cannulation, 680
hyaluronan, 680
soft and firm, 680

deposition
fundus, 680
plunger effect, 680
time interval, 680–681

ease of transfer, 677
number

blastocyst, 682–683
multiple pregnancies, 681
patient education, 683
twin births, 681–682

patient preparation
cervical mucus, 679
pelvic infection, 679

retained embryos, 681
trial transfer

afterloading technique, 678
uterine fundus, 678

UG vs. clinical touch
disadvantages, 678
hydrosalpinx, 679
pregnancy rates, 678–679

Endocrine disrupting chemicals (EDCs)
animal evidence, 794
chemical exposures, 781
chemicals and contaminants

reproductive health effects, 782–787
wastewater treatment plants, 782
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Endocrine disrupting chemicals (EDCs) (cont.)
endometriosis

ecologic evidence, 789
human fertility, 788
pathways, 789
xenobiotic mechanisms, 789

enzyme pathways
abberant endometriotic gene expression, 791
arylhydrocarbon receptor, 789–791
epigenetic effects, 793
reproductive impairment, 792–793

fetal compensatory mechanisms, 781
reproductive health effects

gynecologic disorders, 793
semen analysis, 793
TDS and ODS, 793

substance inventory, 782
testing protocol, 787
toxicological testing method, 788

Endocrinopathy
prolactin disorders

hyperprolactinemia, 223–228
secretion, 221–223

thyroid disorders
evaluation, 211–221
hormones, 209–210
iodide metabolism, 210–211
risk factor, autoimmune, 211

Endometrial polyps
clinical consideration, 238–239
diagnosis, 236
evidence

estrogen, role, 236–237
IVF cycle, 238
miscarriage vs. pregnancy rate, 237, 238
pregnancy rates, before and after, 237–238
prevalence rate, 237
size and implantation rate, 238
uterine cavity evaluation, 237

insemination study, 235
subfertility mechanisms, 236

Endometriosis
adolescent, 201–202
aromatase inhibitors, 201
assisted reproduction technique

gamete intrafallopian transfer, 202
ICSI, 202
IUI, 202
IVF, 202

average delay, pain symptoms and, 193
clinical examination, 194
ecologic evidence, 789
efficacy, medical treatment, 201
empirical therapy, 199
endocrinologic disorders, 194
hormonal therapy

danazol, 200
gestrinone, 200
gonadotropin-releasing hormone agonists, 200–201
intrauterine progesterone treatment, 200
oral contraceptives, 199
pre-and post-operative, 198
progestins, 199–200

human fertility, 788
imaging, 195
laboratory tests

CA125 level, 195
histologic confirmation, 196
laparoscopic findings and classification, 195–196

nonhormonal therapy
dysmenorrhea, 201
evolving drugs, 201
pelvic pain, 201

pain symptom treatment, 193–194
pathogenesis

coelomic transformation, 192
ectopic transplantation, 191
environmental factors and research, 193
genetic basis, 192
immunologic mechanisms, 192–193
induction theory, 192

pathways, 789
pregnancy evolution, 196–197
prevalence, 193
prevention, 197
recurrence, 202
risk factors, 193
spontaneous abortion, 194
subfertility and infertility, 194
surgical therapy

adhesiolysis, 198
deep rectovaginal, 198
ovarian, 197
peritoneal, 197

surgical treatment results
pain, 198
subfertility, 198–199

treatment/evaluation algorithm, 203
xenobiotic mechanisms, 789

Energy applications, laparoscopy
electrosurgery, 299–300
harmonic scalpel, 299
laser, 299
staplers, 299
suture, 299
vascular clips, 299

European Society of Human Reproduction and  
Embryology (ESHRE)

ART data collection program, 66, 68
EIM monitoring program, 67
gametes and reproductive tissues cryopreservation, 51, 52

Extracellular matrices (ECMs)
ADAMTS-1, 125
collagens, 123
hyaluronan, 393

F
Factor V Leiden (FVL), 290
Family linkage analysis, meiotic crossover errors

trisomy 21, 329–331
trisomy 13 and 18, 331

FDA. See Food and Drug Administration; Food and drug 
administration

Female infertility evaluation
abdominal pelvic cavity

endometriosis, 143
laparoscopy method usage, 143

endometrial receptivity
as cause, 141
fertile vs. infertile couples, 141–142
luteal phase disorder, 141
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PdG measurement, 142
treatment, luteal phase defect, 142

infertility, definition, 133
medical history and pelvic examinations, 134
oocyte reserve

fragile X syndrome, 135
FSH and IVF, 135–136
menopause, 135
pregnancy success rate, 136

ovulation
basal body temperature readings, 136–137
LH level measurement, 137
serum progesterone level, 136
vaginal bleeding, 136

reproductive tract, patency
ASA, 138–139
cervical mucus, 138
gas and radiopaque usage, 139
hysteroscopy, 140–141
mycoplasma hominis infection, 138
proximal tubal obstruction, 140
sonohysterography, 140
spermatozoa and oocyte, 137
sperm-cervical mucus interactions, 138
technical errors, hysterosalpingography  

performance, 139–140
Fertility Clinic Success Rate and Certification  

Act of 1992 (FCSRCA)
ART laboratory procedure, definition, 59
ASRM guidelines, 61
components, 59
description, 59
facilities and safety, 60
personnel qualifications and responsibilities, 59–60
quality management, 60
records maintenance, 60–61
sanctions and enforcement, 61

Fertility patients, treatment
evaluation, 97–98
expectations, 97

Fertility preservation
chemotherapy agents, ovarian toxicity

antineoplastic agents, 704
cyclophosphamide, 704
menstrual status, 704
models, 704
ovarian reserve, 704
primordial follicle count, 705

embryo cryopreservation
low-temperature storage methods, 707
ovarian stimulation protocol, 707

gonadal cytotoxicity
extragonadal effects, 704
ovarian failure, 703

guidelines, 708–709
oocyte freezing

maturation, 707
unfrozen, 708

ovarian tissue freezing
cryopreservation, 706
cryoprotectant, 706
patient age and cortical pieces size, 706

ovarian transplantation and transposition
abdominal position and radiotherapy, 708
GnRH agonists, 708
grafts, 706–707

menopause, 707
orthotopic and heterotopic transplants, 706–707

radiation and ovarian damage
marrow transplant, 705
oocytes, 705

reproductive harms
chemotherapeutic agents, 705
female sex, 705
uterine function, 705–706

strategies, 706
Fetal ovaries, behavior

abnormalities elimination, 329
meiotic crossovers analysis, 328
oocyte crossover patterns, 328–329
primordial germ cells, 327

FISH. See Fluorescence in situ hybridization
Fluorescence in situ hybridization (FISH)

abnormality identification, chromosome, 648
chromosomal diagnosis

analysis, 654–655
equipment and image capture software, 653–654
filters, 653
fluorescence, 652
hybridizing probes, 653
protocols, 653
quality control, 652

detection, 336
diagnosis, 654
individual chromosomes identification, 358
interphase chromatin, 339
multi-colour, 361
multiprobe, 332

Follicle-stimulating hormone (FSH)
in fertility practice, 489
as initiator, ovulation, 120
pretreatment, 641–642

Food and Drug Administration (FDA)
anonymous oocyte donor, regulations

directed sperm donor, 89–90
embryo donation, 90–91
gestational carrier/anonymous donor, 90
situation, 89

ART programs, regulations
affecting regulation, 72
application, 72
ruling and guidance, 72, 73

21 CFR Part 1271, regulations
current good tissue practice, 85–87
donor eligibility final rule, 74–85
LifeNet Transplant Services, 71
registrations final rule, 73–74
reproductive tissue, communicable disease, 71–72

compliance cycle and measures, 87–88
donor eligibility and specimen labeling

embryos, 63
HCT/Ps, 62–63
reproductive facilities and procedure, 62
sexually intimate partners, 63
SIP donors, 63

general provisions and establishment registration
subpart A, 62
subpart B, 62

inspection, 88–89
regulations and guidance documents, 748
tissue practice and inspections, 63–64

FSH. See Follicle-stimulating hormone
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Futility
concept, 47
fertility treatment, 47–48

G
Gamete transport, sperm

capacitation
phospholipids, 392
seminal plasma removal, 391
sperm-plasma membrane priming, 391–392

ejaculated spermatozoa, 389–390
hyperactivation, 392
interactions, 390–391
ovulation, oocyte pickup and sperm-egg recognition, 392–393
uterotubal junction, oviductal transport and sperm reservoir

mucosal folds, 391
spermadhesin, 391

velocity, 390
Gestational carrier/anonymous oocyte donor, 90
Gestational trophoblastic disease, 596
Gonadal cytotoxicity, cancer therapy

extragonadal effects, 704
ovarian failure, 703

Gonadotropin-releasing hormone (Gn-RH)
agonists, 162, 200, 305
pituitary gland stimulation, 489

Gonadotropins
costs attendant, 531
ovulation induction, 533
preparation, 531–532
uses, WHO Group II anovulation, 533

Graves' disease
characteristics and diagnosis, 217
class II antigens, 216–217
treatment

antithyroid drugs, 218
iodine-131 ablation, 217
ß-blockers, 219
surgery, 218–219
TSHR-Ab level, 218

H
Hamster oocyte penetration assay. See Sperm penetration  

assay (SPA)
Hashimoto's thyroiditis

autoimmune injury, types, 215
characteristics and diagnosis, 215–216
treatment, 216

Health Information Privacy Act Requirements and Authorizations 
(HIPAA), 15

Heparin incubation preparation
calcium movement, 503
protocol, 503

High efficiency particle elimination (HEPE) filtration, 572–573
HIV-1 discordant couples

algorithm, 523
ART

ethical and medical issue, 521
genital tract infections, 521
induction and embryo transfer., 522
infertility factors, 520–521
IVF and IVF-ICSI, 522
serodiscordant couples, 520
sperm washing technique, 521

description, 517
in semen

donor artificial inseminations, 517
nonspecific hybridization, 518
seminal plasma samples, 518

semen processing and sperm washing, swim-up
algorithm, 519
structure, 519–520

Hodgkin's disease, 510
Hormonal therapy, endometriosis

danazol, 200
gestrinone, 200
gonadotropin-releasing hormone agonists, 200–201
intrauterine progesterone treatment, 200
oral contraceptives, 199
pre-and post-operative, 198
progestins, 199–200

b-human chorionic gonadotropin (bhCG), 282
Human chorionic gonadotropin (hCG)

follicular development, 287
in IVF program, 633
vs. LH monitoring, 490
priming

maturation, 639–640
OCC, 640–641
retrieval timing, 641

suppressive effect, TSH, 211
Human menopausal gonadotropin (HMG). See Human chorionic 

gonadotropin (hCG)
Human oocytes

IVM
anovulatory women, 635–637
embryo transfer, 642–643
endometrial preparation and luteal support, 643
fertility preservation, 639
gonadotropin priming, 639–642
monitoring, 642
oocyte retrieval and identification, 642
outcome, women, 643
ovulatory women, 637
poor responders, 637
as rescue, 639

maturation
in vitro, 635
in vivo, 634–635

Human serum albumin (HSA), 618
Human tubal medium (HTF), 515
Hyperandrogenism, PCOS

androgen biosynthesis
adrenal 17-ketosteroids, 156
testosterone, 156–158

hirsutism, 154–155
hypertrichosis and virilization, 155–156
laboratory evaluation, hirsutism, 158–159
treatment

cimetidine, 163
cyproterone acetate, 162–163
finasteride, 163
flutamide, 163
glucocorticoids, 162
gonadotropin-releasing hormone agonists, 162
hair removal methods, 164
insulin sensitizers, 164–165
ketoconazole, 162
laparoscopic ovarian diathermy, 164
medroxyprogesterone acetate, 161
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oral contraceptives, 161
orlistat, 165
ovarian wedge resection, 163–164
spironolactone, 162
weight reduction, 159–161

Hyperprolactinemia
characterization, 530
long-term remission, 530–531
prolactin disorders

adenomas monitoring, pregnancy, 228
drug-induced, 228
estrogen usage, 228
evaluation, 223
hypothalamic disorders, 225
imaging techniques, 224–225
metabolic dysfunction and, 228
physical signs, 223–224
pituitary disorders, 225–228

prolactin elevation, 530
vaginal admininstration, 530

Hyperthyroidism, thyroid disorders
characteristics and diagnosis, 220
gestational trophoblastic disease and hyperemesis gravidarum, 219
postpartum thyroid dysfunction, 219–220
treatment, 220–221
TSHR-Ab, 219

Hypogonadotropic hypogonadism
aromatase inhibitor therapy, 531
estradiol levels, 532
follicular response, 532
FSH and LH, 532
gonadotropin preparations, 531–532
multiple gestation and OHSS, 532–533

Hypo-osmotic swelling test (HOST), 425, 585
Hysterosalpingography (HSG)

advantages and disadvantages, 252
technical errors, 139–140

I
ICSI. See Intracytoplasmic sperm injection
Idiopathic hypogonadotrophic hypogonadism (IHH)

gonadotrophin deficiency, 433
normosmic patients, 433
testosterone treatment, 434

IHH. See Idiopathic hypogonadotrophic hypogonadism
Impaired decision makers, 48
Imprinting disease

Angelman syndrome, 596
Beckwith-Wiedemann syndrome, 596

Indirect medical education (IME), 16
Infertility and treatment

anxiety and depression
during and after treatment, 94
before treatment, 94
treatment outcome, 94

childlessness, 96–97
clinical recommendations, 98–99
fertility patients

evaluation, 97–98
expectation, 97

fertility problem stress, 93–94
marital benefit, 94
mental well-being, pregnancy/delivery, 96
psychosocial intervention effect, 98
social stigmatization, 96

stress
coping, 95
infertility-related communication, 95
treatment failure, 95–96
and treatment outcome, 96

treatment drop out, 98
Institutional review board (IRB)

application process
disclosure and description, 758–759
informed consent, 759–761
typical grant submission, 759

approvals, 744, 749
compliance, 747–748
definition

CFR, 757
charge, 758
diversity requirements, 758

federal regulations, 757
find and choose, 758
patient privacy and sample storage

coding materials, 761
media storage and dataset, 761

requirements, 746
Insulin resistance, PCOS

cause, 153
diagnosis, 153
screening strategies, diabetes and, 153–154

Intracytoplasmic morphologically selected sperm  
injection (IMSI), 604

Intracytoplasmic sperm injection (ICSI)
artificial activation, oocyte

characteristic, 603
IVF, 604

ART procedures, 53
assisted reproduction, endometriosis, 202
circumventing immunoinfertility, 139
cumulus cells and, 603
efficiency, 606
epididymal sperm retrieval techniques, 456
fertilization and embryo development, 475
fresh and frozen-thawed epididymal sperm, 457, 463
high-magnification, 477, 479
indications, 606
IVM cycle, 642, 643
miscarriage and spontaneous abortion, 476
natural fertilization, 407–409
non-ejaculated sperm

elongating spermatid injection (ELSI), 605
fertilization and blastocyst formation rates, 605
post-fertilization dynamics, 605
ROSNI, 605
TESE, 605

oocyte activation, 402
oocyte fertilization rates, 458–459
oolemma-based antipolyspermy defense, 403
pregnancies, 475–476
safety, 606–607
sibling oocytes, 627
SOAF release, 399
sperm-oocyte interaction and penetration, 384
sperm selection

IMSI, 604
MSOME, 604

testicular spermatozoa, 477–478
testicular sperm retrieval, 456
tools, 603
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Intrauterine adhesions (IUA)
prevention, 258
suction curettage, 251

Intrauterine insemination (IUI)
analogues, 489
assisted reproduction, endometriosis, 202
COH

clomiphene citrate, 488
gonadotropins, 489

description, 487–488
diagnosis, 493
DNA damage, 471
donor samples, 504
modalities, 490
ovarian hyperstimulation, 487
ovulation, timing, 489–490
patients preferences, 492–493
prediction model, 493
risks, 492
subfertility effectiveness

cervical factor, 490–491
in male, 491–492
unexplained subfertility, 490, 491

vasal sperm and, 455
Intravenous immune globulin (IVIG)

as treatment, recurrent miscarriage, 292
use, APS pregnancy, 288

In vitro fertilization (IVF). See also Assisted reproductive  
technology (ART); Embryo culture

air quality, 616
assisted reproduction, endometriosis, 202
conception rates, 238
culture dishes, 624
expense, 727
informed consent, 43–48
inseminating rabbit and guinea pigs eggs, 613
laboratory micromanipulation technology

blastocyst embryo trophectoderm biopsy, day 5, 650
egg polar body biopsy, 649–650
eight-cell embryo blastomere biopsy, day 3, 350

light effects, 616–617
media

formulation, 618
gene imprinting, 622–623
gentamicin and streptomycin, 622
glucose metabolism, 622
HF10, 618
HSA and SSS, 618
manufacturers and applications, 622
SQAF, 623

menstrual cycle attempt, 135
oocyte aneuploidy, 331
outcome, affecting variables, 623
risks, 46
technologies, 615
temperature

cooling rates, 616
oocyte cytoarchitecture and embryo, 616

twins, 715–716
In vitro maturation (IVM). See also Human oocytes

anovulatory women
AFC, 635
PCOS, 635–637

cycle
follow-up, 639
monitoring, 642

regular, women, 638
embryo transfer, 642–643
endometrial preparation and luteal support, 643
fertility preservation

cancer treatments, 639
oocyte cryopreservation and retrieval, 639

gonadotropin priming
FSH pretreatment, 641–642
HCG, 639–641

oocyte cumulus complexes, 639
oocyte retrieval and identification, 642
ovulatory women, 637
poor responders, 637
as rescue, 639

Ishikawa fishbone analysis, 22–23
IUA. See Intrauterine adhesions
IUI. See Intrauterine insemination
IVF. See In vitro fertilization
IVF laboratory

architecture, traditional
aldehydes removal, 573–574
volatile organic compounds (VOC), 573

building
design and construction, 576–577
design flexibility and options, 577

characteristics
barriers, 571
exhaust air/return air, 572
HEPE filtration, 572–573
lassie faire approach, 572
material selection, construction, 573

facilities, modern
casework, flooring and paint, 575
chemical filtration, 574–575
layout, laboratory, 575
lighting, 575
100% vs. 50% outside air, 574

maternal system
biological signals, pollutants, 571
detoxification mechanism, 570
mineral oil and embryo culture system, 571
pH control, 570
sterilizing and fixing agents, 570
temperature, 569–570
waste products, 570

modern
air cleaning utilities, 576
cleanroom type ceiling, 576
productivity, 577–578
suspended tile ceiling, 576

IVF procedure, marketing
clinic managers, 115
clinic performance variation

beta-binomial (BB) model, 105–106
heterogeneity assessment, 106
patients, 106
top 5 and bottom 5, 105

decision process
clinics, 103
patients, 103

live-birth probability, 102
model works, 115
money-back guarantees

clinic's difficulty, 104
cycle cost, 103–104
heterogeneity, 105
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marginal vs. average cost, 104
patient, aggressive screening, 104
risk transfer, 104–105
success rates, 104

“No First Use” policy
economic consequence, 113–114
financial implications, 112
infertility treatment, 112
patients guarantee, 112–113
treatments, 111–112

patient outcomes
countervailing effect, 107
cycle failure, 108–109
factors, gamma distribution, 107–108
heterogeneity, 106–107
ongoing pregnancies, 108
success dynamic analysis, 109–110

patients, 114–115
perseverance and house money effect, 110–111
public policy advocates, 115
scope and scale, 102–103
success attempt

modeling, 109
outcome probability, 110
rate, 104

IVM. See In vitro maturation

K
Kallmann syndrome

genetic testing
spermatogenesis, 433
testosterone treatment, 434

IHH
gonadotrophin deficiency, 433
heterozygous patients, 433
receptor mutations, 433

KAL1 and KAL2, 432
PROKR2 gene, 432–433
segregation analysis, 432

Kartagener syndrome, 368, 370
Klinefelter syndrome

azoospermic men, 435
description, 592
genetic counseling, 435
sperm FISH analysis, 436
testicular histology, men, 593

L
Laparoscopy, female infertility

abdominal entry
direct trocar insertion, 302
left upper quadrant entry, 302
open laparoscopy, 302
vaginal approaches, insufflation, 302–303
Veres needle umbilical technique, 301–302

adhesiolysis, 304
anesthsia/conscious sedation usage, 305–306
cul-de-sac obliteration, 304–305
diagnosis and operative, 297
equipment

electrosurgical principles, 300
electrosurgical terms, glossary, 300–301
energy applications, 299–300
imaging system, 297–298

insufflation, 298
surgical instrumentation, 298
uterine manipulators, 298–299

myomectomy, 305
oophorectomy and salpingo-oophorectomy, 305
patient positioning, 301
secondary trocar placement, 303
sidewall and retroperitoneal space dissection, 304
tissue removal, 303
unipolar energy, 304

Laser AH techniques
vs. AT, 608
advantage and drawback, 608

Lassie faire approach, IVF, 572
Late onset congenital adrenal hyperplasia (LOCAH), 171
Lean process

“Lean Thinking,” 24
value determination, 25
work task definition, 23

Leiomyomata
diagnosis, 239–240
and fecundity, 240–241
impact, fecundity, 239
treatment

estrogen and progesterone levels, 241
UAE study, 241–242

LifeNet Transplant Services, 71
LOCAH. See Late onset congenital adrenal hyperplasia
Low molecular weight heparin (LMWH), 288, 290
LPI. See Luteal phase insufficiency
Luteal phase insufficiency (LPI)

clinical recommendation, 287
out-of-phase endometrial biopsy, 286
progesterone (P) level, 286–287

Luteinizing hormone (LH), 120, 136

M
MA. See Müllerian anomalies
Male factor infertility

differential diagnosis
algorithms, 371–372
asthenospermia, 374, 375
azoospermia, 373–374
low seminal volume, 372–373
normal semen parameters, algorithm, 375
OAT, 376
oligospermia, 374–375
teratozoospermia, 376

epidemiology, 367
evaluation goals, 367
history

childhood, 368
malignancy, 369
medications, 369
past medical, 368
past surgical, 368–369
sexual and reproductive, 367–368
social, 369–370

hormonal evaluation
endocrine abnormalities, 371
FSH level, 371

physical examination
duplex ultrasonography, 370
scrotal, 370

semen analysis
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Male factor infertility (cont.)
parameter divisions, 370–371
pH determination, 371
round cells, 371
subfertile, 370

timing, 367
Male infertility, genetic tests

diagnosis, 432
gr/gr deletions

counseling, 439–440
frequency and clinical significance, 439

idiopathic infertility, 431
physical features, 431
post-testicular forms

CFTR, 434
counselling, 434
mutations, 434

pre-testicular forms
gonadotrophins deficit, 431
Kallmann syndrome, 432–434

steroid receptor mutations/polymorphisms screening
androgens and estrogens, 438
AR gene, 438–439
mutation screening, 439
polymorphic regions, 439

testicular forms
chromosomal abnormalities, 435–438
idiopathic infertility, 435

Male subfertility, 491–492
Maternal systems parameters

biological signal pollutants, 571
detoxification mechanism, 570
mineral oil and embryo culture system, 571
pH control, 570
sterilizing and fixing agents, 570
temperature, 569–570
waste products, 570

Matrix metalloproteinases (MMPs)
family, 123
MMP-TIMP system, 124
MT1-MMP, 124
TIMP-1 and TIMP-2 inhibitors, 123–124

Mean arterial pressure (MAP), 246
Meiotic recombination and errors, spermatogenesis

aneuploidy, 357–358
chromosome synapsis, infertile males

errors, 362
frequency errors, 362
prevalence detection, 361

fidelity, meiotic chromosome synapsis, 359
frequency variation

achiasmate bivalents, 360–361
age effect, 360
chiasmata, 360
DNA molecules, physical interaction, 359
males and females, 360
maps, individual chromosomes, 361

genetic recombination
chiasmata, diplotene stage, 358
immunocytogenetic techniques, 358
linkage studies, 358

I and II prophase, 357
pachytene spermatocyte, human, 360
proteins, mammalian chromosome synapsis

pachytene stage, 358
SC and MLH1, 358–359

SC formation, timing and progression, 359

Membrane type 1-matrix metalloproteinase (MT1-MMP), 124
Metformin use, reproductive medicine

effects, PCOS, 183–184
infertility

vs. clomiphene, 185–186
combination therapy vs. single agent therapy, 186
gonadotropins and laparoscopic ovarian diathermy, 187
Kaplan Meier curve, live births, 185
multi-center trials, 184–185

later pregnancy complications, 187–188
miscarriage, 187
multiple pregnancy, 187
ovulation induction and, 184
pharmacology

FDA approval, 183
no known embryonic lethality, 183

usage guidelines, 188
Mevalonate pathway, PCOS

characteristics, 151
clinical trials, statins, 151–152
statin effects, ovarian function, 151

MFPR. See Multifetal pregnancy reduction
Micromanipulation

AH
AT, 608
indications, 609
laser techniques, 608
outcome, 609
piezo method, 608
PZD, 608
zona hardening, 607

ICSI
artificial activation, 603–604
and cumulus cells, 603
efficiency, 606
non-ejaculated sperm, 604–605
procedure, 602–603
safety, 606–607
sperm selection, 604
tools, 603
use, indication, 606

PZD and SZI, 601–602
use, 601

Microscale integrated sperm sorter (MISS), 583
Microscopic epididymal sperm aspiration (MESA), 455–457
Microsurgical fertilization, 601
Microwave FISH, 653
Mixed antiglobulin reaction (MAR) test, 138, 139, 383
Motile sperm organellar morphology examination  

(MSOME), 604
Müllerian anomalies (MA)

evaluation and treatment, 276
fallopian tubes, uterus and uterine cervix

AMH, 266
Ascien's modified classification system, 266, 275
ASRM classification, 266, 268
bcl-2 gene expression, 268
development of, 266–267
duct findings, 266, 269–274

prevalence, 265–266
reproductive malperformance, 276
vagina and hymen, 268, 275–276

Müllerian duct regression, 266
Multifetal pregnancy reduction (MFPR)

perinatal and maternal risks, 716–717
pregnancy loss, 717

Multi-Round FISH, 653
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MutL homologue 1 (MLH1)
foci, 360–362
identification, 359

Myomectomy
approaches, 244
blood loss minimization

balloon catheter placement, 246
B-Lynch stitch, 246
cell-saver technology, 245
hemorrhage, 245
incision location, 245
MAP, 246
pitressin, 246

consideration
fibroids removal, 243
vs. hysterectomy, 242
leiomyosarcoma, 243
spontaneous abortion rate, 243
submucosal and intramural fibroids, 242

disadvantages
fibroid recurrence rate, 244
surgical complications, 243

GnRH-a, 244
planning, 242

N
National Children's Study (NCS), 743
National institute of child health and human development  

(NICHD), 741–743
NCCAH. See Non-classic congenital adrenal hyperplasia
Net present value (NPV) analysis, 26
Non-classic congenital adrenal hyperplasia (NCCAH)

AOAH treatment, 170
genetics, 21-hydroxylase deficiency, 171
prenatal diagnosis and treatment, 171

Non-obstructive azoospermia (NOA)
MLH1 foci, 362
SC gaps, 362

Nucleic acid tests (NAT), 511
Nucleolar precursor bodies (NPB's), 666

O
OHSS. See Ovarian hyperstimulation syndrome
Oligoasthenoteratospermia (OAT), 376
Oocyte aneuploidy, direct evaluation

CGH, 333–334
description, 331–332
in early human embryos, 336–337
FISH, 332–333
in human oocytes, 334–335
karyotyping, 332

Oocyte freezing
maturation, 707
unfrozen, 708

Ovarian dysgenesis syndrome (ODS), 793
Ovarian hyperstimulation syndrome (OHSS)

classification, 711–712
gonadotropins use, 531
hospitalization risk, 49–50
metformin role, 187
multiple gestation and, 532, 533
prevention, 712
risk factors, 711
risk of, 46, 639, 642
treatment

evaluation algorithm, 713
outpatient management, 712
in patient management, 712–713

Ovarian toxicity, chemotherapy agents
antineoplastic agents, 704
cyclophosphamide, 704–705
menstrual status, 704
models, 704
ovarian reserve, 704

Ovary
tissue freezing

cryopreservation, 706
cryoprotectant, 706
patient age and cortical pieces size, 706

transplantation
grafts, 706–707
menopause, 707
orthotopic and heterotopic transplants, 706–707

transposition
abdominal position, 708
GnRH agonists, 708
radiotherapy, 708

Ovulation induction
aromatase inhibitors, 529–530
clomiphene and tamoxifen

adjunctive agents, 529
adjunctive measures, 528
adverse effects, 527
with dexamethasone, 528
dosing and administration, 526–527
insulin enhancing agent, 528
monitoring, 527
pharmacology, 526
pregnancy outcomes, 527–528
pretreatment suppression, 528–529
side effects, 527

hypergonadotropic hypogonadism
premature ovarian failure, 533
response rate, 534

hyperprolactinemia
characterization, 530
long-term remission, 530–531
prolactin elevation, 530
vaginal admininstration, 530

hypogonadotropic hypogonadism
aromatase inhibitor therapy, 531
estradiol levels, 532
follicular response, 532
FSH and LH, 532
gonadotropin preparations, 531–532
multiple gestation and OHSS, 532–533

letrozole and anastrozole
advantages, 529
gonadotropins, 530
pregnancy and birth, 529
surgical methods, 529–530
transient estrogen receptor, 529

treatment, cancer and, 534
weight loss, 525–526

Ovulation process
angiogenic factors, 122–123
cytokines and chemokines

CC-chemokine RANTES, 127
interleukin-1, 126
macrophage-CSF, 126
MCP-1 expression, 127
subgroups, 126
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Ovulation process (cont.)
eicosanoids, 122
endocrine signal and second messengers, 120
epidermal growth factor, 123
immune cells, 125–126
intra-ovarian regulation, 119
molecular events, 119–120
oocyte maturation, 119
progesterone, 121–122
proteases

ADAMTS, 125
ECMs, 123
MMPs, 123–124
plasmin/plasminogen activator system, 124–125

transcriptional regulation, 120–121

P
Partial zona dissection (PZD)

laser AH, 608
and SZI, 601

PCOS. See Polycystic ovarian syndrome
Pelvic structures

adnexae
adnexal masses, 561
benign epithelial ovarian tumor, 561
dermoids, 561–562
endometrioma, 561
functional ovarian cysts, 561
malignant neoplasms, 562
ovarian area measurements, 559–560
pelvic inflammatory disease/tubal ovarian abscess, 561, 562

early pregnancy
chemical pregnancy, 558
crown rump length (CRL) measurement, 557–558
detection, 558–559
double decidual sac sign, 557
gestational age assessment, 558, 559
gravid uterus sectional view, 557

embryo transfer, 562
endometrium

abnormalities, 555–556
thickness measurement, 553–555

uterus
congenital uterine anomalies, 550, 552–554
focal myometrial contraction, 550
leiomyomas, 550–551, 554–555
long axis view, 549
pelvis vasculature, 550, 551, 552
scanning planes, 549
size variations, 549–550
transverse/semiaxial view, 549, 550
vascular status, 551

Penile vibratory stimulation (PVS), 505
Percutaneous epididymal sperm aspiration (PESA), 455–457
Pituitary disorders, hyperprolactinemia

macroadenomas
surgical intervention, 228
treatment, 227–228

microadenomas
expectant management, 226
vs. macroadenomas, 225
mutations, 225
prolactinomas/lactotrope, 225
treatment, 226–227

Platelet-activating factor (PAF), 585

Polychlorinated biphenyls (PCBs), 211, 782
Polycystic ovarian syndrome (PCOS)

adrenal condition
CAH, 169–172
Cushing's syndrome, 165–169

androgen-secreting ovarian and adrenal tumors
evaluation step, 172
neoplasms, androgen-production, 173
nonfunctioning tumors, 173
steroid cell tumors, 173
stromal hyperplasia and hyperthecosis, 173–174
testosterone and DHEAS levels, 172

body mass index absence, 525–526
clinical manifestations, 148
diagnosis, 147–148
genetic origins

caution, 151
factors, 150

guidelines, 174–176
hyperandrogenism

androgen biosynthesis, 156–158
hirsutism, 154–155
hypertrichosis and virilization, 155–156
laboratory evaluation, hirsutism, 158–159

insulin resistance
cause, 153
diagnosis, 153
screening strategies, diabetes and, 153–154

long-term risks, 149
metformin use, 528
mevalonate pathway

characteristics, 151
clinical trials, statins, 151–152
statin effects, ovarian function, 151

OHSS, risk factor, 711
pathology

and laboratory findings, 148–149
radiologic studies, 148

and recurrent miscarriage, 287
treatment, hyperandrogenism

cimetidine, 163
cyproterone acetate, 162–163
finasteride, 163
flutamide, 163
glucocorticoids, 162
gonadotropin-releasing hormone agonists, 162
hair removal methods, 164
insulin sensitizers, 164–165
ketoconazole, 162
laparoscopic ovarian diathermy, 164
medroxyprogesterone acetate, 161
oral contraceptives, 161
orlistat, 165
ovarian wedge resection, 163–164
spironolactone, 162
weight reduction, 159–161

virilization
adrenal neoplasms, 174
pregnancy, 174

Polyhalogenated aromatic hydrocarbon (PHAHs), 789
Polyspermic oocytes, 669
Pregnancy in polycystic ovary syndrome study (PPCOS), 183–187
Pregnancy outcomes, infertile couples

counseling
congenital malformations and chromosomal  

abnormalities, 722
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multiple gestations, 722
obstetric complications, 722

infant and child health outcomes
cerebral palsy, 720
chromosomal and genetic abnormalities, 721
congenital anomalies, 720
genetic imprinting disorders, 721
health care resources utilization, 720
retinoblastoma, 721
risks, 721

maternal disease, 719
multifetal gestation

ART vs. spontaneous twins, 716
multiples reduction, 716–717
preterm delivery, 715–716
spontaneous reduction, 716
triplet and higher-order pregnancy, 716
twin rate, 715
zygosity and chorionicity, 716

pregnancy loss
abortion risk, 718–719
ART conceptions, 718

singleton gestations
conditional probability, 719
meta-analysis, 719

underlying infertility
diagnoses, 718
live birth rates, 717
subfertility, 717

Preimplantation aneuploidy screening  
(PGD-AS). See also Preimplantation genetic  
diagnosis (PGD)

ART laboratory preparation, 650
blastomere preparation and nuclei fixation, 651
clinical uses, 657
pertaining and workshop training, 655–656
vs. PGD

chromosomal defective live births/miscarriages, 649
DNA genomic sequence, 648
FISH, 648–649
single cell gene mutation, 648

Preimplantation developmental timeline, 627
Preimplantation embryos, transfer

blastocysts formation and scoring
blastocoel, 672
inner cell mass (ICM), 672

cleaving embryo scoring
day 2, 669
day 3, 669–672
early cleavage (EC), 668–669

fertilized oocyte
aging process, 668
aneuploidy and PN score, 668
features, 666
fertilization process, 666
functional components, nucleoli, 666–667
mitotic cell division, 667–668
NPBs, 666
nuclei and cytoplasm, 666
pronuclear scoring, 666

gamete scoring
first polar body morphology, 664
microscopic techniques, 664
oocyte maturation and morphology, 664
respiration, oocyte, 665–666
sperm, 664

spindle, 665
ZP, 664–665

morphological features, 663
scoring and selection, 673

Preimplantation genetic diagnosis (PGD)
breakeven points

capital equipment, 656
left-over embryo re-diagnosis, 657

chromosomal rearrangements, 337
diagnosis, 337
embryo biopsy procedures, 650
ethical dilemmas, 657
genetics and public policy, 657
genetic tests, 647–648
government involvement, 657
ICSI, 435
in-house

IVF laboratory micromanipulation technology, 649–650
program management and personnel, 649

Klinefelter syndrome, 436
PB analysis problems, 337–338
personnel training

certification, 656
in-house, 656
workshop, 656

PGD-AS
blastomere, analysis, 650–651
chromosomal defective live births/miscarriages, 649
DNA genomic sequence, 648
embryo, culture and tracking, 652
FISH, 648–649
FISH, chromosomal diagnosis, 652–655
fixation and techniques, blastomere, 651–652
laboratory space, 655
procedure documentation, 652
qualified personnel, 655
setup cost, 655
single cell gene mutation, 648

and PGS
counseling and issues guideline, 49
key elements, 48–49

polarization, 657–658
RCTs, 339
screening, 339–340
sex selection, 438
single blastomere analysis, 339
single gene mutation, 650

Preimplantation genetic screening (PGS)
counseling and issues guideline, 49
key elements, 48–49

Prolactin secretion, 221–223
Protected health information (PHI), 761
Protein kinase A (PKA), 120
PZD. See Partial zona dissection

R
Randomised control trials (RCTs), 339
Reactive oxygen species (ROS), 384–385
Recombination frequency errors, infertile men

pachytene, 362
sex chromosomes, 362

Recurrent miscarriage
alloimmunology

clinical recommendation, 292
concepts, 291
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Recurrent miscarriage (cont.)
fetal loss rate, 291
HLA-DRB1*01/1*03, 291
HLA-G, 291
natural killer (NK) cells, 291–292

APS and autoimmune disorders, 288–290
conceptus development

categorization, 281
early vs. late, 282
gestation, 282
intervillous space, 281

definition, 281
endocrinologic factors

glucose intolerance and thyroid disease, 287–288
LPI, 286–287
PCOS, 287

epidemiology, 282
etiology

causal factors, 282–283
clinical recommendation, 284
environmental and behavioral factors, 284
maternal age, 283

genetic factors
embryonic aneuploidy, 284
parental karyotype abnormalities, 284–285
skewed X inactivation, 285

idiopathy, 292–293
recommendations, practice, 293
thrombophilias

clinical recommendation, 290
FVL and APCR, 290
MTHFR gene, 290

uterine abnormalities
clinical recommendation, 286
endometrium and homeobox mutations, 286
relationship, fibroids and, 286
reproductive outcome, 285

Refrigeration incubation preparation
protocol, 502–503
SPA, 502

Registrations final rule, 73–74
REI. See Reproductive endocrinology and infertility
Reproductive endocrinology ambulatory  

dashboard, 11
Reproductive endocrinology and infertility (REI)

business partner, company
commercializing investment, 773–774
professional advisors, 774

CALM, 780
destination, definition, 3
education and professional development

optimal patient care, 41
staff development, 41–42

effective leadership, 42
funding, company

sources, 776–778
stock types, 778–779

idea communication, company
elevator pitch, 774–775
executive summary, 775
PowerPoint presentation, 775

invention
community hospital, 766
Omnibus Appropriations bill, 766
university/medical center, 765

law firm, 776

leadership
definition, 4
situation and reciprocal approach, 4
trait and behavior approach, 4

management
definition, 4
tool, 5

name, company, 775
patents

application types, 767–768
cost analysis, 769–770
description, 766–767
license, 770–773
non-obviousness, 766
novelty and utility, 766
prosecution, 768–769
systems, 767

patient care and management
care quality, 39
clinic staff role, 40
education, 5
EMR systems, 40
service improvement, 5

physicians, nurses, laboratory technicians, 39
quality management

analytic quality control, 40–41
programs, 40

regulatory affairs, 41
risk management, 41
skill

contributing factors, 5
external proficiency testing programs, 5

staff, 6
students, company formation, 774
success definition, 3
technology transfer

impact, 764–765
intellectual property, 765
United States, 763–764

Reproductive laboratory regulations
CAP (See College of American Pathologists)
CLIA (See Clinical laboratory improvement amendments)
and clinic data reporting systems

CDC and SART, 66
ESHRE, 66–68

embryology, 55
FCSRCA (See Fertility Clinic Success Rate and Certification  

Act of 1992 (FCSRCA))
FDA (See Food and Drug Administration)
Joint Commission on Accreditation Program

CAP and JCAHO system, 65
description, 65
standards, 65
survey process, 65

laws, 55–56
personnel certification

ABB evaluation, 65–66
boards, approved, 65

Reproductive technology practice management
ART

egg donors, 18
frozen genetic material disposition, 19
genetic material, posthumous use, 20
gestational surrogacy, 19
same-sex issues, 20
sperm donation, 18
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traditional surrogacy, 19
uniform laws, 20–21

capital, management and expenditures
allocation rules, 26
borrowed funds, 26
definition, 24
expenditure analyses, 26–27
investment, 24, 26
retained earnings, 26

employee requirements, 27
employment cycle

application, key components, 12
employee discipline, 12–13
exempt employees, 10, 12
federal employment laws, 13
handbook component, 13
HIPAA, 15
illegal and legal work, 13
interview, 10
personal information, 12
staffing, 8
US Federal Employment Law, 14–15

quality improvement
ASRM, 17
fertility practices, 17
standard operating procedures (SOPs), 17

resolving problems
Ishikawa fishbone analysis, 22–23
Lean process, 23–24
quality improvement, 21
root cause analysis, 22
Six Sigma, 21–22
tissue practices regulations, 21

revenue cycle
analysis/assessment tools, 8
ART practice management, 9
healthcare providers, 7–8
patient registration, 7
reproductive endocrinology ambulatory dashboard, 11
resources, 8
UCRM ambulatory dashboard, 10

service designation site
academic medical centers, 16
ambulatory services, 15–16
Balanced Budget Act (BBA), 16
free-standing clinic advantages, 16–17
provider/hospital-based clinic benefits, 16
reproductive endocrinology and infertility, 15

Research integration, clinical practice
benefits

job satisfaction, 752
knowledge base and critical thinking skills, 752
patients and community, 752

tool implementation
collaboration, 754
creativity and customization, 755
delegate, 753
evaluation, 753
ideas, discussion, 752–753
journal club, staff involvement, 753
medical literature, 752
monitoring, progress, 754–755
quality assurance program, 753–754
success, 754
team establishment, 754

Retrograde wash preparation

antegrade sample processing, 504
description, 503
patient preparation semen collection, 503–504
protocol, 504

Ronald Reagan principle, 773
Root cause analysis, 22, 31

S
Sage Quinn's advantage fertilization media (SQAF), 623, 624
Saline infusion sonogram (SIS), 276
SART CORS IVF data collection system, 17
Semen analysis

acrosome reaction, 384
antisperm antibodies

cytotoxic, 383–384
screening test types, 383

biochemistry, 383
biological variability, 380
clinical pathologies

cytoplasmic residuals, 386
inflammatory process, 386
sperm absence and motility, 386
sperm transportation, 385

components
concentration, 382
morphology, 382
motility, 381
sample collection, 381
vitality, 381–382
volume, 381

DNA integrity, sperm
chromatin structure and comet assay, 385
TUNEL assay, 385

errors, 380
hyperactivation and zona binding, 384
methods usefulness, 382–383
prognostic capacity and correlation, 379
ROS, 384–385
sperm-oocyte interaction and penetration, 384
stem cells, 385
technical variability

global standardization, 380
quality control, 380

terminology, 379–280
white blood cells and bacteria, 383

Semen/cervical mucus contact test (SCMCT), 138
Sex hormone binding globulin (SHBG), 184
Sexually intimate partner (SIP), donor screening, 75
Sexually transmissible diseases (STDs), 510
Single embryo transfer (SET), 717
Six Sigma

application, 22
asserts, 21
DMAIC and DMADV processes, 22

Somatic cell co-culture, 628
Specific informed consent domains

alternatives, 46
expenses, 47
probabilities

IVF center, 45
pregnancy, 45
shared decision making and center-specific pregnancy rate, 

45–46
procedure, 45
reasons and expectations, 45
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Specific informed consent domains (cont.)
risk

chromosomal disorder, 46–47
IVF, imprinting disorders, 46
laboratory malfunction and outcome resources, 46
OHSS, 46
structural congenital anomalies, 46

Spermatogenesis
functional phases, 345–346
seminiferous epithelium cycle

definition, 346
germ cells, 346
spermatogenic cycle stages, 346

seminiferous epithelium wave, 347
spermatocyte development

gene expression, 348
meiotic division, 348
SC, 348

spermatogonial stem cell renewal
apoptosis, 348
cell cycle, 347
paired daughter cells production, 347
type, 347

spermiogenesis, 348
Spermatozoon

acrosome formation, golgi apparatus, 349
chromatoid body, 350
endoplasmic reticulum, 349–350
flagellum structure

axoneme, 352
dense fiber proteins, 351
fibrous sheath, 351–352
perforatorium, 352

intercellular bridges, 350
rat spermatozoa head, 349
sperm head and nuclear modifications

acrosome, 350
DNA supercoiling, 351
inative nuclei, 351
protamines, 350–351

Sperm borne oocyte activating factor (SOAF)
identity

Ca2+-ions, 401
peptides, 402
PLC isoforms, 401–402
receptor mechanism, 402
tyrosine kinase activation, 402

sperm perinuclear theca solubilization, 399–401
Sperm capacitation

phospholipid remodeling, 392
spermatozoa, 391
sperm-plasma membrane, 391–392

Sperm chromatin dispersion (SCD) assay, 584
Sperm chromatin evaluation, DNA

assessment
age and DNA integrity, 473
ART treatment, 474–476
natural conception and sperm DNA damage, 474
offspring quality, 476
semen analysis and sperm DNA damage, 473–474

damage/fragmentation, assessment
AOT, 471
comet assay, 472
8-hydroxydeoxyguanosine assay, 472
in situ nick translation assay, 471
sperm chromatin structure assay/ DNA integrity assay, 

470–471

TUNEL assay, 471
damage mechanisms

apoptosis, 469
defective sperm chromatin packaging, 469
factors, 468
oxidative stress, 469

DNA structure
chromosomes, 468
organizational features, 468
protamines, 468

fragmentation, 467
packaging/condensation

aniline blue stain, 472
chromomycin A

3
, 472

toluidine blue, 472
reduction

high-magnification ICSI, 477
oral antioxidants, 477
sperm separation, 477
testicular spermatozoa, 477–478

semen values, 2
Sperm cryopreservation

laboratory
procedures, 511–512
techniques, 512–513

storage, 513
transport, 514

Sperm donor testing
federal and state regulations, 511
sex committed relationships, 511
sexually transmitted infections, 511

Sperm-egg coat binding, AE
calcium-dependent signaling, 393
calcium influx, 396
fertilization slit, 393
ion channels, 397
models, 396
oocyte zona pellucida composition

glycoproteins, 393
protein and gene nomenclatures, 394
ZP layers, 393–394

proteasomal inhibitors, 397
sperm acrosomal proteins, sperm-zona interactions

antibodies, 396
GalT, 395
proacrosin/acrosin, 396
SP56, 395
zonadhesin and spermadhesins, 395

sperm acrosome biogenesis and structure
acrosomal matrix, 394
proacrosomic vesicles, 394

sperm-zona binding, 394–395
sperm-zona penetration

acrosin, 397
motility, 397
ubiquitin proteasome pathway, 397–398

vesiculation, 393
Sperm function, advanced tests

cervical mucus/sperm interaction assay
PCT, 425–426
postcoital testing, 425

DNA damage, 424
hemizona and ZP binding

fluorescence microscopy, 426–427
ICSI, 427
ovum, micromanipulation, 426

HOST, 425
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SPA
IVF success, 427
sperm capacitation index, 428

sperm capacitation and acrosome reaction assays
globozoospermia identification, 426
spermatozoon, hypermotility, 426

sperm FISH, chromosomal aneuploidy
fertile controls, 424
five color probe, 425
recurrent pregnancy loss, 424–425

Sperm incorporation, 399
Sperm motility stimulating agents, 585
Sperm-oolemma binding, 399
Sperm penetration assay (SPA)

as diagnostic tool, ICSI, 606
IVF success, 427
sperm capacitation index, 428

Sperm preparation and selection
ICSI

amorphous-head defect sperm, 586
fertilization and pregnancy rates, 586
fertilized oocytes, 586
sperm selection, 586

IVF, 585
PICSI™ selection

hyaluronan (H), 587
and ICSI, 587
sperm plasma membrane remodeling, 586–587

processing techniques
density gradient and swim-up combination, 582
density gradient centrifugation, 581–582
glass wool filtration, 582
microfluidics, 583–584
sephadex columns, 582–583
swim-up, non-pelleted samples, 581
swim-up, pellet, 580–581
viral sperm, 584–585
washing and dilution, 580

semen collection
masturbation and ejaculation, 580
testicular dissection/percutaneous needle  

biopsy, 580
spermatozoa post-separation treatment

HOS test, 585
motility stimulating agents, 585

Sperm preparation, artificial insemination
chemical motility enhancement, 506
cryopreserved sperm, 504
density gradient preparation, 501
employee training, 498
equipment and reagents, 499–500
heparin incubation preparation, 503
infectious disease processing, 505
IUI collection, PVS/EEJ, 505
laboratory and physician communication, 498
patient education, 498
posthumous collected sperm, 505
refrigeration incubation preparation, 502–503
retrograde wash preparation, 503–504
sample handling and safety, 498–499, 505
sample identification and documentation, 499
sex selection, 505–506
swim-up preparation, 501–502
wash preparation, 500–501
worksheets and records, 500

Sperm processing techniques
density gradient centrifugation, 582

glass wool filtration, 582
microfluidics

advantages, 584
laminar flow sorting system, 583–584
microfabrication advancements, 583

sephadex columns, 582–583
swim-up method

and density gradient, 581–582
non-pelleted samples, 581
pellet, 580–581

viral
cluster differentiation 4 (CD4), 584–585
human immunodeficiency virus (HIV), 584

washing and dilution, 580
Sperm production

spermatogenesis
functional phases, 345–346
seminiferous epithelium cycle, 346
seminiferous epithelium wave, 347
spermatocyte development, 348
spermatogonial stem cell renewal, 347–348
spermiogenesis, 348

spermatozoon
acrosome formation, golgi apparatus, 349
chromatoid body, 350
endoplasmic reticulum, 349–350
flagellum structure, 351–352
intercellular bridges, 350
sperm head and nuclear modifications, 

350–351
testicular histology features, 345

Sperm retrieval
cryopreservation

freeze and thaw, 463
fresh testis sperm, 463
implantation rates, 463

epididymal sperm aspiration
anejaculation cases, 455
epididymal tubules, 457
IVF-ICSI, 456, 457
MESA and PESA, 455–456

evidence-based principles, 453
laboratory effort and timing, 462–463
testicular sperm aspiration and extraction

immaturity, 456
nonobstructive azoospermia, 459–462
obstructive azoospermia, 457–459
testis atrophy, 457

vasal sperm aspiration
ejaculatory failure, 453
hemivasotomy closure, 455
retrieval techniques, 454
sources, 454–455
vas deferens, 454

Sperm-zona binding
adhesion, 394
baculovirus, 395
natural fertilization, 395

Sperm-zona penetration, 397–398
Spinal cord injuries (SCIs), 503, 505
Swim-up method

and density gradient, 582
non-pelleted samples, 581
pellet, 580–581

Swim-up preparation
disadvantage, 501
protocol, 502
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Synaptonemal complex (SC)
length, 360, 361
MLHI foci, frequency, 361
splits, 359

Synthetic serum substitute (SSS), 618

T
Tarkowsky's method, 651
TdT-mediated dUTP nick-end labelling (TUNEL) assay, 385
Technology transfer, reproductive endocrinology and infertility

definition, 763
impact

academic, 764
licensing income, 765

intellectual property
faculty performance, 765
patent system, 765

United States
Bayh-Dole act requirements, 763–764
government, 763

Testicular dysgenesis syndrome (TDS), 793
Testicular sperm aspiration and extraction

immaturity, 456
nonobstructive azoospermia

diagnostic biopsy and multibiopsy TESE cryopreservation, 460
finding sperm chances, 459
fine needle aspiration mapping and map-directed, 461–462
FNA mapping, 462
microdissection TESE, 460–461
multibiopsy TESE, 460
vs. obstructive, 462
retrieval strategies, 459

obstructive azoospermia
definition, 457
negative pressure, 458
oocyte fertilization rates, 458–459
percutaneous core biopsies, 458

Test tube baby, 101
The American Society for Reproductive Medicine (ASRM)  

classification system, 266, 268
Thyroid disorders, endocrinopathy

antithyroid antibodies, 221
autoimmune, 214–215
Down syndrome, 221
function, 211–212
gonadal dysgenesis, 221
Graves' disease

characteristics and diagnosis, 217
class II antigens, 216–217
treatment, 217–219

Hashimoto's thyroiditis
autoimmune injury, types, 215
characteristics and diagnosis, 215–216
treatment, 216

hormones, 209–210
hyperthyroidism

characteristics and diagnosis, 220
gestational trophoblastic disease and hyperemesis 

gravidarum, 219
postpartum thyroid dysfunction, 219–220
treatment, 220–221
TSHR-Ab, 219

immunologic abnormalities, 212–214
iodide metabolism, 210–211
nodules, 221

pregnancy, 219
symptoms, 219

Tissue inhibitors of metalloproteinases (TIMPs), types, 123–124
Transcutaneous electrical nerve stimulation (TENS), 202
Transurethral resection of the prostate (TURP), 368
Transvaginal sonogram (TVS)

adnexae
findings, 561–562
ovarian area measurements, 559–560

bioeffects, examination, 549
description, 545
early pregnancy

chemical pregnancy, 558
crown rump length (CRL) measurement, 557–558
detection, 558–559
double decidual sac sign, 557
gestational age assessment, 558, 559
gravid uterus sectional view, 557

embryo transfer, 562
endometrium

abnormalities, 555–556
thickness measurement, 553–555

image planes, 548
limitations, 545
maneuvers, 549
patient preparation

follicular monitoring, 547
papilloma virus, 548

uterus
congenital uterine anomalies, 550, 552–554
focal myometrial contraction, 550
leiomyomas, 550–551, 554–555
long axis view, 549
pelvis vasculature, 550, 551, 552
scanning planes, 549
size variations, 549–550
transverse/semiaxial view, 549, 550
vascular status, 551

Transvaginal ultrasonography (TVUS)
adenomyosis localization, 248
polyps identification, 236
vs. SHG, 253

Tray agglutination tests (TAT), 138
TS. See Turner syndrome
Turner syndrome (TS)

cardiovascular and renal defects
aortic dissection, 313
CMRA, 313
hypertension, 313–314
renal malformation, 314

causes, 307
chromosomal origins, 309–311
clinical cases, 320–321
diagnosis, 308
fertility preservation, 639
genotype and phenotype

premature ovarian failure, 311–312
short stature, 311

gonadal dysgenesis, 221, 308–309
guidelines, 320
medical care

obesity, diabetes and dyslipidemia, 319
osteoporosis, 319–320
sensorineural hearing loss, 318–319

ovarian hormone replacement, adults, 316–317
physical features
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Madelung deformity, 313
SHOX deficiency, 313

pregnancy, 318
prenatal cytogenetic testing, 312–313
psychosocial concern

education resource, 317
sexual interest, 317–318

pubertal induction
E2 dose, 315
estrogen replacement therapy, 316
FSH level, 314
pill-free week amount, 316

Y chromosome and gonadoblastoma, 312
TVS. See Transvaginal sonogram

U
UCRM ambulatory dashboard, 10
Ultrasound

3-dimensional, 546–547
equipments

angulated probes, 547
transvaginal transducers, 547

high-frequency sound waves, 545–546
UG, vs. clinical touch

catheter, 678
disadvantages, 678
hydrosalpinx, 679
pregnancy rates, 678–679

Unexplained subfertility
definition, 490
pregrancy resuts, 491

Unfractionated heparin (UF) heparin, 288
Uniform Parentage Act (UPA), 20, 21
Urogenital sinus (UGS), 265, 266, 268
US Federal Employment Law, 14–15
Uterine artery embolization (UAE), 241–242
Uterine factor infertility

adenomyosis
cause, 246–247
diagnosis, 247–248
manifestation, 247
MRI, 248
patient characteristics, 247
possible involvement, 249
postulated mechanism, 248
prevalence, 247
and subsequent fertility, 249–250

Asherman syndrome
classification, 251–252
clinical presentation, 250
definition, 250
diagnosis, 252–253
IUA, 250–251, 258
prevalence, 252
prevention, adhesion reformation, 255–257
surgical procedures, 253–255
therapeutic outcome, 257–258
therapy, 253

endometrial polyps
clinical consideration, 238–239
diagnosis, 236
evidence, 236–238
insemination study, 235
subfertility mechanism, 236

leiomyomata

diagnosis, 239–240
and fecundity, 240–241
impact, fecundity, 239
treatment, 241–242

myomectomy
approaches, 244
blood loss minimization, 245–246
consideration, 242–243
disadvantages, 243–244
GnRH-a, 244
planning, 242

Uterovaginal primordium (UVP), 266

V
Valsalva maneuver, 446–447
Varicocele and male infertility

complications, 448–449
diagnosis

dilated pampiniform plexus, 447
scrotal sonogram, 447
Valsalva maneuver, 446

incidence, 445
pathophysiology

cadavers, 445
varicocele-induced dysfunction, 446
venous pressures, 446

percutaneous embolization, 448
physical description, 445
repair outcomes

DNA integrity, 449
pregnancy outcomes, 449

surgery
inguinal, 448
laparoscopic, 448
microsurgical approach, 448
retroperitoneal, 448

treatment
algorithm, 447
semen parameters, 447

Viral sperm processing, 584–585
Virilization, PCOS

adrenal neoplasms, 174
pregnancy, 174

W
Wolffian ducts, 266, 275, 276
Wyden Bill. See Fertility Clinic Success Rate and Certification Act of 

1992 (FCSRCA)

Z
Zona-free hamster oocyte penetration assay. See Sperm penetration 

assay (SPA)
Zona pellucida (ZP)

AT, 608
ICSI, 603

Zygote
ICSI technique, 389
mammalian fertilization steps, 390

Zygote intrafallopian transfer (ZIFT), 105
Zygotic/pronuclear development

degradation, sperm accessory structures, 407
early transcriptional activity

nucleolus precursor bodies, 404–405
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Zygotic/pronuclear development (cont.)
X-chromosome silencing, 405
zygotic clock, 405

natural fertilization and ICSI
oolema binding, 408
ooplasm, 407
sperm head accessory structures, 409
subacrosomal perinulear theca retention, 408

sperm aster formation and PN apposition
centrosomal donation, 406–407
centrosomal inheritance, 406
microtubule organization, 405

sperm chromatin remodeling and pronuclei 
formation

protamines, 404
spermiogenesis, 404
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