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Preface
The editors present this inaugural edition of Transfusion Medicine and Hemostasis –  
Clinical and Laboratory Aspects with great excitement and anticipation.

As the title indicates, we view, and have done so for some time, that both transfusion 
medicine and hemostasis, particularly laboratory methods and diagnostic tests employed 
in routine and specialized coagulation laboratories, are linked. More specifically, coagu-
lation tests, and indeed other laboratory tests and results, are often used to guide and 
monitor transfusion, blood component and coagulation factor therapy. Also, transfu-
sion strategies are used to treat patients with disorders of hemostasis which have been 
previously diagnosed using specialized and vital hemostasis and coagulation laboratory 
tests and methods. In addition, pathology, pediatric and internal medicine residents, and 
transfusion medicine and hematology fellows, often receive training (to varying extents) 
in blood banking and transfusion medicine, and in disorders and diseases of congenital 
and acquired coagulation defects, though a combined and appropriately focused book 
does not appear to exist. Moreover, books that focus on critical and technical elements 
of laboratory testing methodologies, in the context of transfusion and hemostasis, are 
few – if any. Indeed, in our institution both transfusion medicine and the coagulation/
hemostasis laboratories are housed in the same clinical and administrative place – the 
Emory Center for Transfusion and Cellular Therapies – and joint consultation services 
exist. It is thus that we envisioned a manual-style book combining transfusion medicine 
and hemostasis/coagulation medicine. Indeed, the book before you is divided into these 
two main parts, as the title obviously suggests.

Not surprisingly, others have noted the interdigitation of these two fields – such as 
those who conceived the Transfusion Medicine/Hemostasis Clinical Trials Network, now 
funded by the National Institutes of Health. Also, board certification in blood banking and 
transfusion medicine is currently accomplished via the American Board of Pathology, and 
the examination has a significant emphasis on clinical hemostasis and laboratory aspects 
of coagulation as well as blood banking and transfusion medicine. Interestingly, board 
eligibility in transfusion medicine, following an accredited transfusion medicine fellow-
ship, can be achieved directly via internal medicine, pediatrics and anesthesia residencies, 
in addition to pathology and adult and pediatric hematology. Thus, it is our intention that 
this offering be of value to trainees in many specialties, as well as fellows in transfusion 
medicine and hematology. Moreover, as transfusion is the most common therapeutic 
modality in use in the US, it is anticipated that this book will provide valuable information 
for practitioners in a variety of fields, including anesthesiology, surgery and obstetrics.

The format of this book is intentional, with shorter, concise chapters being the 
norm. In each chapter, the intent is to have clear paragraphs, bullet points, and tables 
and figures, with a hierarchy of headings so that presentation of key points will be 
most efficient. Where possible and appropriate, a common hierarchical format has 
xxi
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been employed. Instead of an exhaustive list of references, the editors have chosen 
to offer a small number of key articles from which the reader may gain additional 
information. Even without the usual citation-based technical writing style typically 
employed in books, we have tried to incorporate evidence-based and data-driven 
prose, and have referred to specific authors, studies, and publications in a way that 
will allow the reader to find a specific reference even when it is not cited at the end of a 
chapter. We fervently hope this style will be efficient, informative and enjoyable.

As stated above, the book is divided into two main parts – transfusion medicine and 
hemostasis. That on transfusion medicine is further subdivided into blood banking (that 
is, blood collection, processing, testing and storage) and transfusion medicine (that is, 
components for transfusion, pretransfusion immunohematology testing, product modi-
fications, approaches to transfusion therapy in specific clinical settings, and transfusion 
reactions and complications). Also included are apheresis, cellular therapy, and an intro-
duction to tissue banking in the hospital setting. These chapters and sub-parts follow 
introductory chapters with common elements defining the field of blood banking and 
transfusion medicine, a brief history, and quality and regulatory principles. We have also 
included chapters focused on the role of the physician in both the blood collection facil-
ity and the transfusion service, as well as descriptions of careers in the field.

In the second main part of the book, dedicated to hemostasis, the chapters are further 
divided into sub-parts – clinical coagulation, laboratory-based coagulation testing, and 
coagulation factor products. While these three sub-parts could have been compressed 
into a disease-based chapter system, we felt that focus on the clinical issues, the labora-
tory and testing methods and details to diagnose and guide and monitor therapy, and 
finally the products available to treat the conditions, would be helpful and ease assimila-
tion of the material. We hope you will agree.

Finally, in many places throughout the book, we have sections or paragraphs dedi-
cated to international considerations. These are not exhaustive and were not meant to 
be, especially as regulatory requirements and practice variations vary widely through-
out the developed and the developing, world. Nonetheless, the editors felt it was 
important to broaden the horizon of this book to have somewhat of a “world view.” 
Again, we hope you will agree.

In closing, we are deeply dedicated to the fields of transfusion medicine and hemosta-
sis, the ambition of striving towards optimal diagnosis, laboratory testing and therapies 
for patients worldwide, and the education of trainees, practitioners and future leaders 
in these inter-related disciplines. We hope this book will fill a void, achieve a new vision, 
and perhaps be seen as unique and inspired in its presentation. We ask sincerely for feed-
back, general or specific criticism, and suggestions as to how to improve this book, and 
thank you for the confidence and trust you have placed in the authors and editors.

Christopher D. Hillyer, MD
Beth H. Shaz, MD

Thomas C. Abshire, MD
James C. Zimring, MD, PhD
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Blood Banking and Transfusion medicine



C H A P T E R  1

Blood Banking and Transfusion Medicine –  
the Field, the Discipline and the Industry
Christopher D. Hillyer, MD
A safe, reliable, and available blood supply is critical to the function of complex 
healthcare systems worldwide. Over the past more than 100 years, blood transfusion 
has grown from the transfusion of small amounts of fresh whole blood, to one of the 
most common therapeutic medical practices (a brief history of blood transfusion can 
be found in Chapter 2). Indeed, since approximately 1980, blood banking and trans-
fusion medicine has been a subspecialty in its own right, credentialed by the American 
Board of Pathology.

Blood Banking and transfusion medicine as a discipline: Over the past 
more than 25 years, blood banking and transfusion medicine has expanded to include 
a number of related laboratory disciplines, services and therapeutics, depending in 
part on the degree of complexity of the medical institution. These may include thera-
peutic apheresis, coagulation or specialized laboratories (hence the inclusion of clinical 
and laboratory coagulation in this text), hospital tissue banking, and cellular therapy – 
which itself may include the collection, processing, storage and distribution of human 
hematopoietic progenitor cells (HPC), pancreatic islet cells, and related minimally 
and highly manipulated cells. Some facilities classically designated as blood banks 
also offer HLA typing, ABO and other histocompatibility antigen/antibody and cross-
matching for bone marrow, peripheral blood, and umbilical cord HPC and solid organ 
transplantation. While credentialed as a single entity, specifically blood banking and  
transfusion medicine, the terms have increasingly come to have different meanings.

Blood Banking defined: Blood banking now typically refers to the collection, 
processing, storage and distribution of whole blood and apheresis-derived blood and 
blood components at a blood collection facility or blood center, defined by the Food 
and Drug Administration (FDA) during registration or licensure as a community 
blood bank, although a small percentage of units are collected in the hospital setting, 
defined by the FDA as a hospital blood bank. Chapters 4–16 are dedicated to “blood 
banking.”

Transfusion medicine defined: Transfusion medicine most often connotes  
pretransfusion and compatibility testing; post-manufacture processing, including 
irradiation, washing and volume reduction; and administration of appropriate prod-
ucts to the appropriate patients. Transfusion medicine thus occurs predominately in  
hospitals usually under the FDA designation at registration as a hospital transfusion 
service. The AABB (formerly the American Association of Blood Banks) Standards 
define these activates as simply a “transfusion service,” since a number of blood centers  
will also perform these functions or offer these services. The hospital transfusion 
�
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service is also typically responsible for consultation to clinicians regarding complex 
transfusion and coagulation issues, and the choice of specialized products including 
recombinant and human-derived coagulation-related concentrates, intravenous gam-
maglobulin and albumin. Chapters 17–77 are dedicated to “transfusion medicine.”

The Blood pipeline: The provision of blood is best seen as a continuum or pipe-
line “from vein to vein” – that is, from the vein of the donor to the vein of the recipient. 
From a safe practices standpoint and from the view of federal regulators, including the 
FDA, blood banking is not just “from vein to vein” but rather “from vein to vein and 
back.” This allows for tracking of products transfused to a particular recipient “back” 
to a given donor, and thus determination of infectious disease transmission and other 
donor-specific complications such as transfusion-related lung injury (TRALI). The 
blood pipeline is shown diagrammatically in Figure 1.1.

Blood center Hospital

LossImports

1 12 23 34

Testing
Reference

Control limit Control limit

1. Bookings and collections
2. Manufacture
3. Labeling
4. General inventory
5. Distributions

1. General inventory
2. Crossmatched
3. Issued

5

Reference

Figure 1.1 The blood pipeline.

It is valuable to consider that while blood centers typically provide blood and blood 
components to hospitals, and while hospital transfusion services typically provide  
blood components to medical and surgical services throughout the clinics, wards 
and operating theaters within the hospital confines, the ultimate destination of the 
 products is the patient – and thus it is the patient as the recipient of blood that is ulti-
mately served by the blood industry.

Additional services: Both blood banks and transfusion services most commonly 
offer therapeutic (in contradistinction to donor) apheresis services, though in some 
locations dialysis services will provide this therapeutic modality. Preoperative autologous 
whole blood collection, intraoperative cell salvage and acute normovolemic hemodi-
lution can also be performed under the auspices of the hospital transfusion service, 
though blood centers and many anesthesiology and surgery-run programs are in opera-
tion throughout the US.
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Structure of Blood Banks and transfusion Services: Worldwide, the pre-
dominate structure of blood banks and transfusion services is as a national system, 
often with organizational reporting to the Ministry of Health, likely via a national 
countrywide medical system. One example is the UK National Blood Service. In other 
countries the national blood service predominates but is not exclusive, and some 
fragmentation or sharing of responsibilities exists – such as within the South African 
National Blood Service and the National Blood and Transfusion Service of Tanzania. 
National blood and transfusion services have traditionally been well positioned to for-
mulate nationally adopted clinical guidelines for transfusion and establish hemovigi-
lance programs.

structure of Blood Banks and Transfusion services within the us: A  
national blood and transfusion service does not exist in the US, nor do any blood 
centers or hospital transfusion services (exclusive of the US Department of Defense) 
report organizational or legally to the federal government. Instead, a nationwide net-
work of blood centers has evolved including some blood systems, the largest of which 
are the American Red Cross Biomedical Services (ARC; Washington, DC) and Blood 
Systems, Inc. (BSI; Tucson, AZ). In addition to the ARC and BSI, many other blood 
centers exist as community blood centers and are highly regarded within their locale. 
These blood establishments account for approximately 95% of the blood collected 
and distributed in the US, and are often members (in a variety of different configura-
tions) of several trade organizations, including America’s Blood Centers (ABC), Blood 
Centers of America (BCA) and the Council of Community Blood Centers (CCBC). 
Internationally, the US blood establishments interrelate through organizations such as 
the Alliance of Blood Operators (ABO) and the European Blood Alliance. About 5% 
of blood collected in the US is collected in hospitals, and these too must be registered 
with the FDA as hospital blood banks.

In the US, the formulation of clinical guidelines for transfusion has in many cases 
been accomplished by medical services that use large amounts of blood products, such 
as the American Society of Clinical Oncology regarding platelet transfusion guidelines, 
and the Practice Guidelines for blood component therapy by the American Society of 
Anesthesiologists – though recently the AABB (see below) has begun a broad-reaching 
initiative in earnest. Furthermore, in 2006 the AABB and a number of public and pri-
vate organizations began the development of a hemovigilance system with broadened 
hegemony to include tissues, cells and organs, termed biovigilance.

Centralized transfusion services: In some locations, perhaps most notably 
Pittsburg and Seattle, a single corporate entity staffs and serves as both the blood col-
lection facility and the hospital transfusion service. This model, referred to as the cen-
tralized transfusion service, has a number of real or potential advantages, including 
centralized tracking of blood components and physician consultation, and the ability 
rapidly and easily to move blood components in order to service areas of increased 
need or shortage.

The Blood industry: The collective term the blood industry includes manufac-
turers (also called vendors) of reagents, appliances and devices used by blood estab-
lishments, as well as the blood establishments themselves, which include blood 
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banks (centers) and hospital transfusion services. The vendors have also established 
an organization called the Advanced Medical Technology Association (AdvaMed). 
Indeed, AdvaMed has taken a leadership role in a number of areas, including defining 
appropriate corporate–customer relationships to be in compliance with federal trade, 
financial and tax regulations, and advancing the understanding of the challenges fac-
ing the industry as regards government and third-party insurer reimbursement for 
blood and blood components.

Blood Banking and transfusion medicine as a medical Specialty: Blood 
banking and transfusion medicine is presently credentialed in the US by the American 
Board of Pathology, and as such represents a subspecialty of clinical pathology. In order 
to be eligible for board certification, a 1-year ACGME-accredited transfusion medicine 
fellowship is required. One logical pathway to fellowship in transfusion medicine is via 
a residency in clinical pathology or a combined anatomic pathology/clinical pathology 
program. However, a broad range of training can allow a physician to be eligible for 
transfusion medicine fellowship, including internal medicine, pediatrics and anesthesi-
ology, and adult and pediatric hematology. More information can be obtained at www.
abpath.org. Most transfusion medicine fellowships reside in university and related medi-
cal centers, though some blood centers have particularly excellent programs.

subspecialties within Blood Banking and Transfusion medicine: There are 
no specifically defined subspecialties within the field of blood banking and transfu-
sion medicine, though board-certified transfusion medicine specialists will often 
become focused in either blood center or hospital transfusion service operations. 
Recent recognition of the specialized needs, processes and technologies required for 
optimal transfusion of the pediatric-aged patient has led some to ask whether there 
should be specialized centers of excellence and/or training in pediatric transfusion 
medicine. Additionally, a number of individuals have concentrated their clinical and 
academic efforts in a variety of more specialized areas, including the transfusion of the 
patient with sickle cell anemia, and in ensuring that non-transfusion alternatives are 
used appropriately, safely and effectively, the latter under the terms blood conserva-
tion or blood management.

The role of the physician in Blood centers and hospital Transfusion 
services: The Code of Federal Regulations (CFR) and AABB Standards for Blood 
Banks and Transfusion Services both designate that blood collection and other func-
tions must be under the supervision of a licensed physician, and that the physician 
must be readily available to the blood establishment. Chapters 3 and 18 focus specifi-
cally on the role of the physician in blood centers and hospital transfusion services, 
respectively.

Oversight and regulation of the Blood industry:

The Federal Food and drug Administration (FdA): Regulation is the govern-
ment’s oversight and control of a non-governmental entity’s operations and practices 
through the enactment and enforcement of laws called regulations. Compliance with 
these regulations is not voluntary, and the potential consequences for failure to comply 
with regulations include civil and criminal penalties.

www.abpath.org
www.abpath.org
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In the US, the authority for federal regulatory oversight and enforcement is del-
egated by law to the FDA, an organizational arm of the Department of Health and 
Human Services (HHS) often referred to as the Agency. The FDA has regulatory 
authority over drugs, biologics and devices as mandated by the Federal Food, Drug 
and Cosmetic (FDC) Act of 1938 and the Public Health Services (PHS) Act of 1944. 
Additional information can be found at www.fda.gov/cber/blood.htm.

In particular, blood establishments in the US are therefore: (1) regulated by the 
FDA, (2) required to follow federal regulations provided by the FDA in the composite 
form of the CFR, and (3) inspected at regular intervals by agents of the FDA. In this 
context, blood establishments that ship products across state lines must be licensed by 
the FDA, while blood banks and hospital transfusion services that operate within state 
boundaries must be registered with the FDA. Hospital transfusion services that do not 
perform any manufacturing processes as defined by the FDA are not required to be 
licensed or registered, though they must be in compliance with applicable portions of 
the CFR and state regulations.

Other Applicable regulatory Agencies: Additional oversight in specific circum-
stances is under the authority of the Nuclear Regulatory Commission (NRC), and for 
clinical laboratory testing elements is under the jurisdiction of the Centers of Medicare 
and Medicaid Services (CMS). Also, federal regulations from the Department of 
Transportation (DOT) and the Occupational Safety and Health Administration 
(OSHA) have bearing on important areas of blood center and hospital transfusion 
service operations.

current good manufacturing practices: As above, the regulations of the FDA 
are contained in the CFR. With respect to blood establishments, the CFR focuses 
primarily on current good manufacturing practices, also known as cGMP. In gen-
eral, cGMP requirements are set forth to ensure the safety, quality, identity, potency 
and purity of drugs and biologics. These are collectively referred to by the acronym 
SQUIPP. In the broadest sense, the CFR, cGMP and SQUIPP are intended to provide 
the highest quality of blood collection practices for the protection of the blood donor, 
and of blood components for the protection of the transfusion recipient. In addition 
to blood establishments, manufacturers of reagents, devices and computer software 
are regulated by the FDA, often through licensing and/or approval processes required 
for these items. They must also follow cGMP.

Oversight by non-governmental Organizations: In advanced systems world-
wide, non-governmental organizations (NGO) serve a vital role in ensuring optimal 
function of blood establishments and, by extension, optimal blood donor care and 
blood component quality. Participation in these programs is, on a strict basis, voluntary, 
though the NGOs listed below have become accepted as de facto community standards.

AABB: In the US and worldwide, the AABB has served in this capacity via the for-
mulation of its Standards and through widespread acceptance of its accreditation 
programs. The AABB, a professional organization, also serves a number of other key 
functions for the blood industry, including education, supporting science and research 
and its dissemination, and public advocacy. Indeed, the National Blood Foundation 

www.fda.gov/cber/blood.htm
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(NBF), a subsidiary of AABB, was created with the sole mission of providing seed 
funding and financial support for scientific inquiry related to transfusion medicine 
and biology and cellular therapies. More information can be found at www.aabb.org.

The Joint commission: The Joint Commission (TJC; formerly the JCAHO), an 
NGO, also provides oversight as it has a defined set of standards for hospitals, includ-
ing hospital laboratories and hospital blood banks and transfusion services. More 
information can be found at www.jointcommission.org.

college of American pathologists: The College of American Pathologists (CAP) 
also participates in laboratory accreditation and proficiency testing. The CAP program 
uses a system of peer review, and participating institutions must provide inspectors 
for future accreditation visits. More information can be found at www.CAP.org.
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Hillyer CD, Mondoro TH, Josephson CJ et al. (2009). Pediatric Transfusion Medicine 

(PTM): development of a critical mass. Transfusion �9, 596–601.
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Second Joint Conference of America’s Blood Centers and the European Blood 
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Brief history of Blood transfusion
Alfred J. Grindon, MD

C h A P t e R  2
the history of blood transfusion is part of the fabric of the history of humankind: 
it has included religion and superstition as well as science, and has ranged from circu-
lating humors to modern medicine. Few other substances cause the same emotions, 
have the same associations, lead to the same fears, or have found as many ways into 
our common parlance. Indeed, blood transfusion and blood letting (now called thera-
peutic phlebotomy and apheresis) are some of the oldest and most common medical 
practices. In the US, blood transfusion is the most common discharge code in sur-
veyed hospitals. It is likely that one out of every three Americans will require transfu-
sion of a blood product at some time in his or her life.

Early transfusion: the record of man’s attempt to treat suffering and disease by 
blood transfusion extends back at least to 1667, when Jean Denis published in the 
Philosophical Transactions his experience in Paris with transfusing blood from a lamb 
(because of its presumed soothing qualities) to an agitated man. therein, Denis also 
recorded the first hemolytic transfusion reaction in, and subsequent death of, a patient 
and transfusion recipient. In 1818, James Blundell was the first successfully to trans-
fuse human blood into a patient with post-partum hemorrhage. Blundell recognized 
that he was replacing lost blood volume, not providing a “vital force”. Advances in a 
number of major areas have allowed the development of modern blood banking and 
transfusion medicine. these are described below.

Blood groups: In 1900, Karl Landsteiner published the first of a series of papers 
demonstrating the presence of the ABO blood group system, stating that “the serum 
of healthy men will agglutinate not only the red cells of animals, but also often those 
of other individual humans.” Although the use of this information to improve the 
safety of blood transfusion began within a few years, it was not until about 1920 that 
ABO testing was regularly used.

the Rh blood group system was discovered in 1939–1940 by Landsteiner, Weiner, 
Levine and Stetson, explaining the cause of many unexpected transfusion reactions. In 
1945, Coombs, Mourant and Race described the use of anti-human globulin sera to 
detect IgG antibodies in compatibility testing (unaware that Moreschi had described 
the use of such sera in 1908), thus providing the still-used Coombs test.

Blood storage: Direct transfusion (donor artery anastamosed to recipient vein) was 
performed by Alexis Carrel in 1908, and direct transfusion using a three-way stopcock 
was used until World War II. While sodium citrate as an anticoagulant was considered 
as early as 1914 and was employed (with glucose, by Rous and turner) on a small scale 
during World War I by setting up blood depots before a battle, the blood could be 
stored for only a few days. In 1943, Loutit and Mollison developed acid citrate dex-
trose (ACD) solution, allowing storage of blood for weeks instead of days, and thus 
�
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facilitating the “banking” of blood. In addition, the acidification of the anticoagulant- 
preservative solution allowed it to be autoclaved, and reduced the occurrence of  
bacterial contamination in storage solutions.

Blood derivatives: the cold ethanol fractionation process (Cohn fractionation), 
allowing plasma to be broken down into albumin, gamma globulin and fibrinogen, 
among other constituents, was developed by edwin Cohn in 1940. this allowed the use 
of albumin as a volume expander, and of the fibrinogen fraction (containing Factor 
VIII) to treat hemophilia A. Fibrinogen, as a therapeutic, fell into disuse because of 
the risk of hepatitis B, and treatment of hemophilia remained limited to fresh frozen 
plasma. When Pool and Shannon recognized in 1961 that the precipitate that formed 
when plasma was thawed in the cold (cryoprecipitate) contained Factor VIII, they rev-
olutionized the treatment of hemophilia A. In 1985, dry-heated, lyophilized Factor VIII 
and IX concentrates became available. Genetically engineered (recombinant) Factor 
VIII became available in 1993, and Factor IX in 1998. Most recently, factor products 
are engineered without any human components, including Factor VIIa.

Blood component and derivative therapy: In 1950, Walter and Murphy 
introduced plastic bags as a replacement for glass bottles for the collection and storage 
of blood. this allowed the development of component therapy, with the use of refrig-
erated centrifuges to separate components by density, and pre-collection attached sat-
ellite bags to store the prepared components. Concentrated blood platelets, prepared 
from whole blood, were recognized as useful for the treatment of thrombocytopenia 
by 1961, and platelets for transfusion were collected by apheresis by 1972.

In 1967, a concentrated Rh immune globulin was introduced commercially, begin-
ning the gradual reduction and ultimately the near-elimination of Rh hemolytic dis-
ease of the fetus and newborn.

Apheresis: In the 1950s, Cohn designed a centrifuge to separate cellular compo-
nents from plasma. As a result of work from many fields the advanced instrumenta-
tion for apheresis (both therapeutic and donor) became available. the development 
of donor apheresis allowed collection of therapeutic doses of platelet and granulocyte 
components from a single donor, and the collection of sufficient volumes of plasma 
for further manufacturing into factor concentrates, albumin, immunoglobulin and 
other derivatives. Full automation of therapeutic apheresis devices has expanded and 
simplified the use of this modality, which is vital to the treatment of many diseases 
(e.g. thrombotic thrombocytopenic purpura, sickle cell disease). Starting in approxi-
mately 2000, automated apheresis machine-based collection of red blood cells as 
double red cell products, or as a combination red blood cell unit with platelet or con-
current plasma components, began in earnest and continues to grow today.

Adverse Effects of transfusion: In the 1960s blood banks became increasingly 
aware that paid donors were associated with higher rates of hepatitis transmission, and 
by 1970 the slow and difficult transition to an all-volunteer blood supply had begun. 
In 1971, commercial testing for hepatitis B surface antigen began, and further reduced 
the rate of post-transfusion hepatitis. A decade later, in 1985, and only slightly more 
than 2 years after transfusion-transmitted AIDS was described, a test for hIV antigen 
was introduced. By 1990, testing for hepatitis C had become routine. By 2000, most 
blood collection facilities in the developed world had adopted testing for viral nucleic 
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acids and further reduced the residual risk of transfusion-transmitted hIV and hCV 
to less than 1 : 1,000,000 screened units. Since that time there has been growing recog-
nition of the transmissibility of infectious agents, such as prions (the agent of new var-
iant Creutzfeldt-Jakob disease), West Nile virus and Trypanosoma cruzi (the agent of 
Chagas’ disease), and approaches to protect the safety of the blood supply from each 
of these have been implemented. In some cases, new tests have been developed; in oth-
ers, the blood or components have been treated to minimize the risk of infection from 
a given agent using pathogen reduction or inactivation technologies, though none of 
these technologies is currently approved for use in the US. In still other disease condi-
tions, those donors at risk for transmission of a given agent have been deferred.

Over the past 50 years, non-infectious complications of transfusion have also 
become apparent, such as febrile non-hemolytic transfusion reactions and trans-
fusion-associated graft versus host disease (tA-GVhD). In 1970 Graw and col-
leagues used irradiation to prevent tA-GVhD, and in 1962 Greenwalt and colleagues  
demonstrated that leukocyte reduction filters prevented febrile reactions. Widespread 
use of leukoreduction started in the late 1980s, and became a customary blood center  
pre-storage processing step in the 1990s in most of the developed world.

current transfusion medicine and Blood Banking: the field of transfusion 
medicine and blood banking continues to evolve as new infectious agents emerge and 
as there is increased recognition of non-infectious hazards of transfusion. Increased 
risk associated with blood transfusion in certain patient populations, such as those 
critically ill or undergoing cardiac surgery, has brought a new desire to understand 
better the beneficial and adverse effects of blood transfusion and of the blood storage 
lesion, with the continued goal to improve transfusion therapy.

Patient safety has expanded in hospitals, where patient identification and appropri-
ate and directed therapy are critical. New technologies to prevent ABO incompatible 
transfusions have emerged. In addition, RBCs are being engineered in research envi-
ronments with removal of the group A and group B antigens to form universal group 
O RBC products to minimize the risk of ABO incompatible transfusions.

Work continues on the development of blood substitutes, to eliminate the risks 
of human transfusion completely; however, to date these products have not been 
approved for human use, since they carry additional unique risks and in clinical trials 
have shown increased risk of mortality.

Blood transfusion is a critical element of medical and surgical therapies. the field 
will continue to expand, and there will be fine-tuning of the collection, processing, 
dispensing, and transfusing of blood components; automation of blood component 
preparation and processing; and automation of immunohematology and related test-
ing, including donor and recipient genotyping and cellular therapies and regenerative 
medicine.

Recommended Reading
Blood: An Epic History of Medicine and Commerce in Red Gold, available at www.pbs.

org/wnet/redgold (accessed 26 June 2008).
Kilduff RA, DeBakey M. (1942). The Blood Bank and the Technique and Therapeutics 

of Transfusion. Mosby, St. Louis, MO. 
Starr D. (2002). Blood: An Epic History of Medicine and Commerce. New York, NY: 

Alfred A Knopf. 
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Introduction to quality systems and quality 
management
Jimmie L. evans, mt (asCp) and Christopher D. hillyer, mD
as described in Chapter 1, blood banking is highly regulated, with government 
agencies writing the governing laws or regulations and performing inspections, and 
non-governmental organizations writing standards and providing accreditation. 
quality management systems form a process that guides and tracks all elements of the 
facility’s operations.

In the blood center, quality management helps to ensure: (1) that products have 
the highest level of safety, quality, identity, potency, and purity (sqUIpp); (2) that 
manufacturing is always in compliance with current good manufacturing practices 
(cgmp) and always under review; and (3) that variation in both process and products 
is minimized.

In the hospital transfusion service, quality systems provide a process and proce-
dure structure for optimal pre-transfusion testing, post-manufacture processing, 
crossmatching, issuing and administration of products, and validation, preventative 
maintenance and quality control (qC) of technologies, to name a few of the elements 
incorporated into the quality plan. quality management systems are always ongoing, 
and should be constructed in a way that allows a facility to be in compliance with both 
regulations and standards.

Compliance versus quality: In this setting, the term compliance does not equal 
the term quality. Compliance can be considered as meeting the minimal acceptable 
performance that should satisfy regulations. quality can, and should, be at a higher 
level that should be set by the facility to ensure optimal performance, and cyclic and 
ongoing evaluation, review, and improvement. While most blood establishments are 
(or have been deemed by inspection to be) in compliance, the pursuit of the high-
est level of quality, especially in the most complex of blood centers and transfusion 
services, is paramount and difficult to achieve. It requires commitment, support and 
agreement at all levels of employees regarding the principles and practice of quality.

Background: In the late 1980s, Food and Drug administration (FDa) investigators 
were using an inspection checklist to inspect blood establishments and thus determine 
compliance with FDa regulations. In addition, senior leadership within the FDa noted 
a significant difference between the level of quality performance pharmaceutical man-
ufacturers were being judged against and the level at which blood manufacturers were 
being adjudicated as in compliance. at a presentation in 1995 the Commissioner of 
FDa reported that, in a 12-month period starting in 1993, the agency had issued more 
than 60 warning letters, more than 5 letters of intent to revoke license, approximately 
5 actual suspensions of license to practice, 3 injunctions, and near to 500 recalls to 
13
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blood centers and hospital transfusion services. this led to the formulation and publi-
cation of the 1995 quality assurance in Blood establishments act, which required that 
a blood facility’s quality program must include processes to prevent, detect and cor-
rect deficiencies that could compromise blood product quality. at that time, the aaBB 
was in the process of shifting its accreditation program from a checklist to a quality 
system essentials and quality program based approach. europe was also moving to 
further define IsO-based system(s). thus, there was, in essence, a worldwide move-
ment towards requiring the blood industry to have both an increased focus on qual-
ity and an increase in quality itself. In addition to the FDa and aaBB, the Centers of 
medicare and medicaid services (CCms), Department of health and human services 
(hhs), College of american pathologists (Cap), and the Joint Commission (tJC) all 
have verbiage relating to quality, quality control and quality assurance. Finally, labora-
tories must be in compliance with the Clinical Laboratory Improvement amendments 
of 1988 (CLIa ’88), which also contain quality requirements.

quality system essentials: ten quality system essentials (qses) were and are 
used by the aaBB in laying out the approach to building a functional quality plan. 
these qses are based on the 20 clauses of IsO 9000 and, to some extent, on cgmp. 
the qses are listed in table 3.1 and described below.

Under each qse, three or more critical control points (CCps) are to be identified 
that, if not performed correctly, could adversely affect sqUIpp. Below each CCp are 
key elements (Kes) which identify key steps in particular processes that require written 
standard operating procedures (sOps). training employees (followed by documentation 
of training and competency testing) in the sOps reduces errors and person-to-person 
variation, thus improving quality. One key element of a quality system or program is also 
the identification by the facility of facility-specific key performance indicators (KpIs).

Organization: Organization entails a table of organization and a reporting structure 
designating who is in charge of the facility and in charge of quality, followed by 
reporting relationships of employees. this clearly delineates the facility’s structure, 
and how inspection reports, corrective actions and other determinations are com-
municated. In this qse, the quality goals are presented.

Human Resources: here, a summary of each position, including job description, ori-
entation, documentation of training, performance standards, competency assess-
ments and other related documents, is provided and/or described. training plans 
can also be included.

Equipment: this qse typically covers validation, calibration, preventative mainte-
nance and proficiency testing. It includes the computer system, as well as equipment  

Table 3.1 Quality system essentials

1. Organization
2. Human Resources
3. equipment
4. supplier and customer issues
5. Process control

 6. Documents and records
 7. Non-conformances and deviations
 8. assessments: internal and external
 9.  Process improvement through corrective and preventive action
10. Facilities and safety
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ranging from water baths to fully automated immunohematology testing plat-
forms. Under each section there should be specific sOps with methods, require-
ments and schedules, minimum and standard expectations for outcomes, 
descriptions of qC procedures, documentation of findings, actions to be taken, 
and how data will be communicated, along with follow-up including improvement 
plans. Documentation of repairs, maintenance, calibration and the acceptance of 
daily qC must be traceable to individual instruments and readily available. New 
equipment and equipment returning from repair must be assessed for functional 
ability before it can be placed in service. In general, daily controls with acceptable 
results must be achieved before patient results can be reported. recommendations 
for instrument calibrations, repairs and scheduled maintenance from instrument 
manufactures should be followed.

Supplier and customer issues: Critical in this qse are the sOps for supplier qualifica-
tion, especially as relates to reagents and all other supplies. a tracking system and 
associated log of documentation should be included, as well as appropriate condi-
tions for storage and inventory control.

Process control: process control includes procedures to minimize variation and errors. 
acceptance criteria should be defined, as well as the process employed if products, 
results or particular endpoints are deemed to be either non-standard or non-con-
forming. all process control data should be monitored and evaluated, and commu-
nicated to relevant authorities with an appropriate plan of action to be taken in the 
event of values found outside of the defined range.

Documents and records: a complete list of documents and records must be included, 
as well as details of how they are to be reviewed and stored, including the duration 
of storage, and how they will be retrieved when needed. a plan for outdating or 
archiving documents should be presented, as well as a plan for version control on 
in-date documents. If appropriate, specific sOps should be included in this qse 
that regard labeling.

Non-conformances and deviations: terms such as non-conformances and deviations 
change often, and have included such labels as “error and accidents” and “prob-
lems and problem management.” there should be a mechanism in place to evaluate 
critical non-conformances and deviations, and pathways such as “potential system 
problems” and “urgent health hazard.” Incidents, errors, accidents and other adverse 
occurrences should be described and a system to detect, report and categorize them 
should be included, as well as there being processes in place to ensure timely report-
ing of specific events to appropriate authorities including the FDa and state regula-
tory agencies. Donor- and transfusion-related fatalities, mislabeling, and release of 
unsuitable blood are included in this qse. a process describing who is to be noti-
fied in the event of serious non-conformances and deviations must be developed, 
and records of all such events maintained in accordance with federal, state and 
institutional regulations and policies. methods must be in place for determination 
of adverse events resulting from transfusion, including transfusion-transmitted dis-
eases and immediate and delayed reactions.

Assessments internal and external: Internal assessments are highly recommended, and 
there should be a procedure for how such assessments are conducted, what systems 
will be used, and how results will be recorded and reports prepared. Once deficiencies  
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or potential deficiencies have been identified, corrective actions can be taken and 
further monitoring strategies determined.

Process improvement: this qse allows the facility to demonstrate and even showcase 
improvements that have decreased rework; lessened the incidence of deviations, 
errors and accidents; increased user or customer satisfaction; improved resource 
utilization; decreased outdating; and/or increased compliance with regulations. 
Within this qse are sOps describing how the results of internal assessments are 
to be used to process improvement. the wording of this qse suggests a significant 
goal in quality management – that is, the shift from corrective action to prevention.

Facilities and safety: the inclusion of facilities and safety as a qse is to ensure a safe 
and adequate workplace environment and that continuous evaluation and improve-
ment occur.

In 2007, the aaBB started to change the 10 qses to 12 qses, which are planned to 
be universal throughout all aaBB standards for all areas; release of this new catego-
rization scheme has not occurred at the time of writing but is expected in 2010. the 
12 new qses, as currently drafted, are now grouped into three hierarchical categories 
as follows: Management, which will include qses 1, organization and leadership, 2, 
facilities, work environment, and safety, 3, human resources, 4, customer focus, 5, sup-
pliers and supply management and 6, equipment and management; Work, which will 
include qses 7, process management, 8, documents and records and 9, information 
management; and Measurement, which will include qses 10, non-conforming events, 
11, monitoring and assessment and 12, process improvement.

Other systems:

NCCLS GP26-A: the NCCLs (formerly the National Committee for Clinical 
Laboratory standards) has published a quality system model known as NCCLs gp26-
a. this model comprises 10 qses that are based on aaBB qses with minor changes, 
and include organization, personnel, equipment, purchasing and inventory, process 
control, documents and records, occurrence management, internal assessment, proc-
ess improvement, and service and satisfaction. In some ways these terms may have 
more direct applicability in the hospital transfusion service, but the intent of both sets 
of qses is identical.

World Health Organization: World health Organization (WhO) Aide-Memoire 
for National Blood Programmes (WhO, 2002), under the title of quality systems for 
Blood safety, approached the development of quality and quality systems somewhat 
differently, and in a way that allows ease of use for undeveloped nations. the memoire 
states a single goal, four strategies to achieve this goal, and five key elements that make 
up the quality systems. the goal is “to ensure quality blood and blood products for 
clinical use.” the four strategies to achieve this aim are as follows: (1) a well-organized, 
nationally-coordinated blood transfusion service, (2) blood collected from regular,  
voluntary non-remunerated blood donors from low-risk populations, (3) testing of 
all donated blood, including screening for transfusion-transmissible infections, blood 
grouping and compatibility testing, and  (4) appropriate clinical use of blood. the key 
elements are listed in table 3.2.
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Table 3.3 Other Forms of enforcement

Citation
suspension
Civil penalty
seizure

Product recall or destruction
Criminal prosecution
license revocation
Consent decree

Table 3.2 Key elements of Quality systems

Organizational management
standards
Documentation
Training
assessment

quality as a philosophy and Culture: the pursuit of quality must be embraced 
at all levels of the facility, from top management to the most basic employee. reading 
of the quality manual at orientation and training is important, but the demonstration 
of a smooth, broad and capable process to “live and breathe” quality is critical.

Additional and related terms:
Quality assurance: quality assurance is a systematic and planned review of the entire 

patient experience, providing a high level of confidence that quality goals are met. 
From the time the patient presents for care until he or she is discharged, every serv-
ice process is assessed. process review includes preanalytic, analytic and postanalytic 
assessments.

Continuous quality improvement: Continuous improvement in the blood banking 
industry is an ongoing, continuous process, with the goal of identifying ways to 
reduce waste and improve patient care.

Quality control: quality control is a process of assessing the management of opera-
tional techniques, reproducibility and accuracy of results. the assessment provides 
verification that the operating systems are performing correctly.

Quality system: quality system is the collection of policies, procedures, and processes that 
are organizationally structured to guide the daily quality efforts of an organization.

Facility inspections: Blood establishments are subject to unannounced FDa 
inspections every two years. the objective of the inspections is to evaluate the blood 
establishment’s compliance with all regulations. When an establishment is founded to 
be non-compliant, the FDa issues observations on Form 483. Depending on the type 
and severity of the violations, the blood establishment may be subject to other forms 
of enforcement activities (table 3.3).

after a blood establishment has developed a history of non-compliance, the FDa 
may choose to impose enforcement by filing in court a “Consent Decree of permanent 
Injunction.” a consent decree defines how a blood establishment must operate to 
ensure compliance with cgmps. the establishment is given a timeframe for making 
the required compliance adjustments for continued operations.
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The role of the physician in the blood  
center
christopher D. Hillyer, MD
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physicians play a central and vital role in virtually all blood center elements and 
operations typically with direct and indirect responsibilities. As blood centers are the 
collection, manufacturing, storage and distribution facilities for biologics (blood and 
blood components) and therapeutics (apheresis and hematopoietic progenitor cells 
[Hpcs]), no element in the manufacturing chain is without a medical and scientific 
underpinning and perhaps no other person in the center better understands the rami-
fications to the donor and to the patient/recipient of non-conformances and devia-
tions that can and do occur at every step in the process. In this regard, the physician’s 
role has been sometimes described as the “conscience of the organization,” and indeed 
it is the broad knowledge base of the blood center physician and his or her overarch-
ing responsibility that makes the role both challenging and rewarding.

In a blood center, the physicians have significant and often unparalleled responsi-
bility, though their true lines of authority are often determined by the chief executive 
officer of the center/corporation and, at times, the degree of medical responsibility 
and the specifically designated lines of authority are incongruous. Diagrammatically, 
the physician’s role in the blood center can be depicted as in Figure 4.1.

Blood center table of organization: physicians in blood centers are often 
given the title of chief Medical Officer (cMO) or Medical Director, with a reporting 
line to the chief Executive Officer (cEO). A typical blood center table of organization 
is presented in Figure 4.2. Furthermore, it is not unusual for the cMO to act as cEO 
when needed and appropriate.

Specific roles in Blood center core operations:

Collections: donor selection and Complications: The blood center physician 
is required to oversee all aspects of blood collection, including donor selection and 
complications arising from the blood donation process. Indeed, blood collection is a 
medical procedure, and as such the physician’s role constitutes the practice of medi-
cine. Thus, the physician must be licensed in the states in which he or she has respon-
sibility for this element of blood center operations.

Specific tasks of the blood center physician may include: 1) determination of vol-
unteer allogeneic donor suitability specific to a donor with comorbid conditions or 
who is taking medication(s) both for the safety of the donor him or herself, but also 
for the safety, quality, identity, potency and purity (SQUIpp) of the product and thus 
for the ultimate safety of the patient, 2) determination of autologous, directed and 
dedicated donor suitability, as most of these donors do not satisfy all of the collection 
19
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criteria for allogeneic donation, and 3) determination of specialized donor suitability, 
including planned collection of granulocytes and maternal platelets.

The physician should also play a central role in the determination of technology 
acquisition, including double red blood cell collection by apheresis, and in deter-
mining the best course of action if errors and accidents occur during the collection 
procedure itself. The physician is typically the central figure in evaluating donor com-
plications and injuries both for the medical safety of a given donor and in order to 
determine if a potential system problem or urgent health hazard exists.

Manufacturing and processing: The physician typically has only a limited role 
in well-functioning and standard manufacturing operations, including component 
manufacturing, and preparation and processing (including leukoreduction), though 
he or she should be significantly involved with the selection of technologies related to 
these areas (e.g. leukoreduction filters, automated component preparation devices) 
and during changes in operating procedures that could adversely affect the SQUIpp 
characteristics of the manufactured components or products. This latter event is often 
governed by a change control process for which the physician should be a key signa-
tory. Any non-conformances, errors or deviations that occur in manufacturing and 
processing require, at least, consultation with the blood center physician, and more 
often include his or her determination of product acceptability.

Quality Systems and laboratories: The blood center physician is directly 
involved in the quality systems function of the institution, and again he or she is well 
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Figure 4.1 physician oversight in the blood center.
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suited to understand the impact of procedural changes as well as evaluation of prod-
uct acceptability following deviations from procedures or errors. This last responsibil-
ity is often accomplished by a material review board (Mrb) process. The individual 
make-up and focus of Mrb process is included in Table 4.1.

Table 4.1 Material Review board process: key individuals and functions

1. administrative leadership: typically the CeO, the administrative element of the MRb will focus 
on fiscal issues regarding the loss of unit or units.

2. Medical office leadership: typically the CMO, the medical office element of the MRb will focus on 
medical, scientific, SQUipp and specific donor or patient issues as affects donor, unit and patient 
safety.

3. Regulatory/quality program leadership: typically, personnel within the regulatory or quality 
departments of a blood center will be responsible for the MRb process overall and focus on 
regulatory, fDa-related and procedural aspects of deviations, errors and accidents that occur.

The physician is also directly involved with inspections and accreditation, internal 
audits and problem management, and the plan(s) for resolution of any noted defi-
ciencies. In addition to quality systems and programs, the medical officer will often 
have direct authority over and responsibility for quality control laboratories and the 
interpretation of proficiency testing data.

clinical Services: In the blood center, clinical services is a collective term that 
usually includes the immunohematology reference and/or the histocompatibility 
laboratories (IrL and HLA laboratories, respectively), therapeutic apheresis (TA) 
services, and Hpc collection and processing. The IrL and HLA laboratories are reg-
ulated under current Good Manufacturing practices (cGMp) and Good Laboratory 
practices (cGLp), and require cLIA certification. Hpc collection and processing is 
now regulated under cGTp (current Good Tissue practices), and as such is control-
led by the FDA. TA is considered the practice of medicine, and as such is not under 
the regulatory authority of the FDA. The medical officer usually also serves as cLIA 
laboratory director and holds states’ licensure. If the medical officer serves as the HLA 
laboratory director, additional training and/or certification by the American Society 
of Histocompatibility and Immunology (ASHI) is either required or desirable.

Therapeutic apheresis: In many blood centers the physicians make all determi-
nations about the TA service, including procedure medical appropriateness and tech-
nical aspects (replacement fluids, volume processed, etc.), and provide consultation 
to ordering physicians. In many locations TA is performed by registered nurses or 
specially qualified medical technologists, and the procedures occur outside the blood 
center confines. It is important to define the exact role of the blood center physician 
and where his or her hegemony stops relative to the hospital ordering and/or attend-
ing physician responsible for the ongoing care of the patient. In some cases the blood 
center physician will accompany TA staff to the patient’s bedside. It is important for 
blood center physicians to know if senior management also expects the physician to be 
directly responsible for TA staff and, if indicated, to be given direct authority regard-
ing this aspect of the center’s operations.
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immunohematology reference, HLa and HpC Laboratories: In the IrL, 
the blood center physician plays a highly medical and technical role, providing input, 
interpretation and decision-making regarding immunohematology testing, including 
blood typing (both phenotyping and genotyping), complex rh determinations, testing 
for unexpected antibodies in donor samples and in patient samples sent to the blood 
center IrL, and panel and eluate data interpretation. As with TA above, it is important 
for blood center physicians to know if senior management expects them to be directly 
responsible for IrL staff and to have this authority so designated if required. In addi-
tion, blood center physicians provide clinical consultation to hospital transfusion 
medicine and transfusing clinicians regarding complicated donor–recipient matching, 
as often relates to the transfusion of patients with sickle cell anemia, and adverse out-
comes posttransfusion. Finally, the blood center physician is intimately involved with 
policy, procedural, technical, regulatory and medical automation, device, computer 
and technology aspects of the IrL. These duties parallel the functional activities of the 
physician who serves as the HLA or Hpc laboratory director.

Financial issues and conflict of interest: blood centers serve a humanitar-
ian need, and mission statements of blood centers often include elements regarding 
donors and patients. A model blood center mission statement is included in Table 4.2.  
Still, blood centers are corporate entities and have financial performance measures 
and expectations. Thus, blood center physicians may be in situations of perceived and/
or real conflict of interest between the financial interests and the viability of the blood 
center for which they work, and the best medical interests of blood donors and trans-
fusion recipients for which they have taken an oath.

Table 4.2 Model blood Center Mission Statement

To provide the highest level of transfusion care and 
therapy to patients via optimal collection, processing 
and distribution of safe, effective and available blood 
components, with respect, appreciation and care for the 
donor, and excellent customer service.

research and advancement of the Field: blood centers offer rich environ-
ments for research and development. In fact, the largest blood centers have research 
and development laboratories, including the Jerome H. Holland Laboratory of the 
American red cross, the blood Systems research Institute of blood Systems, Inc., 
and the Lindsey F. Kimball research Institute of the New York blood center. Indeed, 
major NIH-funded research programs could not function without significant blood 
center and blood center physician/scientist involvement, including the retrovirus 
Epidemiology Donor Study-II (rEDS-II) consortium which involves domestic and 
international efforts dedicated to blood donor safety and blood availability issues, and 
the Transfusion Medicine/Hemostasis clinical Trials Network (TMH cTN) charged 
with conducting clinical trials in transfusion medicine and hemostasis.

recommended reading
Mccullough J. (2006). The role of physicians in blood centers. Transfusion 46, 854–861.
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At present, there are no Food and Drug Administration (FDA)-approved, or clini-
cally equivalent, substitutes for the whole blood and blood components donated by 
voluntary non-remunerated donor (VNRDs) in the US, or elsewhere. Indeed, with-
out blood donations of red blood cells (RBCs), platelets, and plasma, modern transfu-
sion therapy, which allows complex surgery, damage control resuscitation for trauma, 
transplantation of major organs, care of the complicated postpartum patient, and 
chemotherapy treatment for cancer patients, would not be possible. Thus, the blood 
donor is a vital element of blood banking and transfusion medicine, which in turn is 
critical to the function of advanced healthcare systems.

In the US, approximately 15 million units of whole blood are collected each year 
(70 million worldwide) from VNRDs and are processed into blood components 
(RBCs, platelets, plasma, and cryoprecipitate) used in the treatment of surgical, obstet-
ric, medical and other patients. Blood components can also be collected from VNRDs 
by automated apheresis (see Chapter 6). The blood donation process is: 1) overseen 
by a licensed, qualified physician, 2) regulated by the FDA, and 3) designed to provide 
protection for both the blood donor and the transfusion recipient by ensuring appro-
priate donor eligibility, donation procedures, and donor and product testing.

In this chapter, general considerations regarding whole blood donors are presented. 
Apheresis donation is discussed in Chapter 6, and autologous, directed, HLA-matched, 
crossmatched, paid and hemochromatosis donors, and other “special” donors and 
donations will be covered in Chapter 7.

Blood Donor: In the US, approximately 15 million whole blood units are collected  
each year from approximately 10 million donors. This blood donor pool is approxi-
mately 7% of 18 years of age or older individuals and represents both first time and 
repeat blood donors. The eligible donor pool was recently estimated by Riley in 2007 
to be 38% of all individuals within the US. Blood donation is considered an act of 
selflessness or altruism and has no tangible benefit to the donor. Because of this, blood 
donors are afforded special protection under federal and state regulations and stand-
ards, and via careful and confidential practices of blood collection facilities.

The traditional US blood donor is a white, college-educated, middle-aged male. 
Recent changes in population demographics have led to increased participation in 
community blood donation programs by all racial and ethnic groups. Understanding 
the motivation and barriers to blood donation is essential for an adequate blood sup-
ply. The motivators to blood donation include altruism, humanitarianism, awareness 
of the need, sense of social obligation, social pressure, need to replace blood used, and 
increased self-esteem. Barriers to blood donation include fear, inconvenience, being 
25
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too busy, perceived (or true) medical disqualification, not knowing there is a need 
for blood, distrust and apathy. Blood donation recruitment focuses on enhancing the 
motivators while minimizing the barriers to blood donation. Few studies, if any, have 
addressed the social and/or motivating factors that lead first-time donors to become 
repeat blood donors. Repeat blood donors are advantageous to the blood industry as 
they have fewer adverse reactions to donation and are a population with less positive 
infectious diseases markers, as donors with infections (in existence at the time of first 
donation) will have been previously deferred.

Blood Donation Process: The blood donation process consists of sequential 
steps prior to phlebotomy in order to ensure both donor and recipient safety. These 
steps include recruitment materials, educational materials, a donor health history 
questionnaire (DHQ), physical examination, and informed consent.

Recruitment Materials: Donor recruitment materials usually highlight the 
reasons to give blood by using phrases such as “give the gift of life”. In addition, they 
provide some of the basic criteria for whole blood donation such as weight and age, 
thus allowing for self-deferral.

Educational Materials: educational materials provide an overview of the donation 
process, donor eligibility, especially focusing on high-risk behaviors, signs/symptoms 
of AIDS, infectious disease transmission, and blood donation risks. Potential donors 
are informed of the need to provide accurate information and the importance of 
withdrawing themselves from the donation if appropriate in order to maximize 
recipient safety. The AABB has created AABB Blood Donation education Materials 
(http://www.fda.gov/cber/dhq/dhq.htm).

Registration: The potential donor must provide the following information: name 
and contact information (to contact donor for future donations or to provide test 
results or other information), age or date of birth, and the date of last donation (to 
ensure adequate time has elapsed between donations). At this time, a donor deferral 
database is searched in order to prevent an individual who was previously determined 
to be ineligible from donating. Correct donor identification is also key to ensuring the 
donor can be informed of any positive infectious disease markers found following his 
or her donation, and for follow up if certain recipient reactions are reported.

Donor History Questionnaire: The DHQ contains a series of questions asked of 
donors prior to the start of the donation process. Whatever the format (verbal, written, 
or computerized) the questions on the DHQ are based on regulations and guidance 
from the FDA and on AABB Standards for Blood Banking Banks and Transfusion 
Services (Standards), covering a wide range of topics intended to protect the health 
of the donor during the blood donation process and to protect a future recipient from 
being harmed by the donor’s blood.

Many questions on the DHQ are designed to qualify a donor and include determi-
nation of weight, date of most recent donation, etc., and are considered to be part of 
the donor physical exam as well (Table 5.1).

Specific questions on the DHQ are designed to protect recipients from transfu-
sion-transmitted diseases for which there are no tests available or applied, including 

http://www.fda.gov/cber/dhq/dhq.htm
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malaria, babesia, vCJD, and others. Some of the elements, criteria and specific deferral 
periods for certain responses to DHQ responses are listed below. To be effective, ques-
tions asked of the donor must be truthfully answered and lead to deferral of a potential 
donor with high-risk behavior, those at risk for carrying certain transfusion-transmitted  
diseases, and those taking medications which may harm a recipient.

Drug Therapy: The donor is asked questions about certain medications he or she 
is taking or has taken recently prior to giving blood.

Indefinite deferral occurs if the donor is taking etretinate (Tegison) or bovine insulin 
manufactured in UK;

3-year deferral occurs if the donor is taking Acitretin (Soriatane);

6-month deferral occurs if the donor is taking Dutasteride (Avodart);

1-month deferral occurs if the donor is taking Finasteride (Proscar, Propecia) or 
Isotretinoin (Accutane); and

48-hour deferral occurs if the donor is the sole source of platelets for a recipient and is 
taking any medication that irreversibly inhibits platelet function (e.g. aspirin).

Other medication deferrals are defined by the blood collection facility medical director.

Medical History:

General health: Appearance of good health, free of major organ disease, free of cancer, 
and free of bleeding disorder. No skin lesions at the venipuncture site. Indefinite 
deferral with a family history of Creutzfeld-Jakob disease.

Table 5.1 acceptable allogeneic blood Donation Criteria

Test Acceptable Value(s)

age 17 years or conforming to applicable state law

Weight 110 lb; If weight 110 lb, then a maximum of 10.5 ml/kg, 
including samples, can be collected

Donation Interval 56 days after whole blood donation

112 days after 2-unit RbC donation

28 days after infrequent plasmapheresis

2 days after plasma-, platelet-, or leukapheresis

Hemoglobin; Hematocrit 12.5 g/dl/; 38% (not by earlobe puncture)

blood pressure 180 mm Hg systolic

100 mm Hg diastolic

Heart rate 50–100 bpm without pathologic irregularities

50 bpm if otherwise healthy athlete

Temperature 37.5°C (99.5°C) measured orally

antecubetal fossa Free of lesions, “track marks”, scars (i.e. signs of IV drug use)

Modified from AABB Standards for Blood Banks and Transfusion Services, 25th ed.
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Pregnancy: Deferral if pregnant in last 6 weeks or currently pregnant.

Receipt of human blood, blood component, or other human tissue: Indefinite deferral 
for receipt of dura mater or pituitary growth hormones of human origin; 12-month 
deferral for receipt of blood, components, human tissue, or plasma-derived clotting 
factor concentrates.

Immunizations and vaccinations: See Table 5.2.

Table 5.2 Donor Deferral Duration* for History of Recent Vaccination

No Deferral Receipt of toxoids, synthetic, or killed viral, bacterial, or rickettsial 
vaccines, if donor is symptom-free and afebrile.

These vaccines include: anthrax, cholera, diphtheria, hepatitis a, 
hepatitis b, influenza, lyme disease, paratyphoid, pertussis, plague, 
pneumococcal polysaccharide, polio (Salk/injection), Rocky 
Mountain spotted fever, tetanus, typhoid (by injection).

2-Week Deferral Receipt of live attenuated viral and bacterial vaccines.

These vaccines include: measles (rubeola), mumps, polio (Sabin/
oral), typhoid (oral), yellow fever.

4-Week Deferral Receipt of live attenuated viral and bacterial vaccines.

These vaccines include: German measles (rubella), chickenpox 
(Varicella zoster).

12-Month Deferral Receipt of other vaccines, including unlicensed vaccines.

*For smallpox vaccine, the reader is referred to the current FDA Guidance.

Infectious Diseases:

Indefinite Deferral:
l History of viral hepatitis after 11th birthday;
l Confirmed positive test for hepatitis B surface antigen;
l Repeat reactive test for hepatitis B core antibody on more than one occasion;
l Present or past clinical or laboratory evidence of HCV, HTLV, or HIV infection, or 

as excluded by current FDA regulations and recommendations for the prevention 
of HIV transmission by blood and components;

l Donated the only component implicated in an apparent transfusion-transmission 
of hepatitis, HIV, or HTLV;

l History of babesiosis or Chagas’ disease;
l evidence or obvious “stigmata” of parenteral (IV) drug use;
l Using a needle to inject non-prescribed drugs; and
l Donors that are recommended for deferral for risk of variant Creutzfeld-Jakob dis-

ease (vCJD), as defined in most recent FDA Guidance.

12-month deferral from the time of any of the following:

l Mucous membrane exposure to blood;
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l Non-sterile needles or other instruments penetrating donor skin, contaminated 
with blood or body fluids other than the donor’s; includes tattoos or permanent 
make-up unless applied in a sterile manner;

l Sexual contact with anyone with a confirmed test for hepatitis B surface antigen;
l Sexual contact with anyone who is symptomatic with any viral hepatitis;
l Sexual contact with anyone with hepatitis C who has had symptomatic hepatitis in 

the last 12 months;
l Sexual contact with anyone who has HIV or is at high risk for HIV;
l Incarceration for more than 72 hours;
l Syphilis or gonorrhea: completion of therapy, or a reactive screening test for syphi-

lis in the absence of a negative confirmatory test; and
l History of syphilis or gonorrhea.

West Nile virus (WNV) and malaria require specialized consideration.

l WNV: Defer according to FDA Guidelines.
l Malaria: Go to http://www.cdc.gov/malaria/risk_map/ for current endemic malar-

ial risk areas on the Centers for Disease Control and Prevention’s website. Then,
3-year deferral: Individuals who have been diagnosed with malaria, or those who 

have traveled to or lived in a malaria-endemic area and have had symptoms sug-
gestive of malaria (must be asymptomatic for 3 years); Anyone who has lived at 
least 5 consecutive years in an area where malaria is considered endemic by the 
CDC (3 years from departure from that area).

12-month deferral: Anyone who has traveled to an area where malaria is endemic 
but does not have symptoms of malaria.

l Travel: Anyone who has traveled outside the country in which they are donating 
blood should be evaluated for potential travel risks. Go to http://www.cdc.gov/
travel for more details.
A Uniform Donor History Questionnaire (UDHQ) contains 48 questions, was 

developed by an interorganizational task force, is recommended by AABB, and 
endorsed by FDA (http://www.fda.gov/cber/dhq/dhq.htm). It is not required that the 
UDHQ is used by blood centers, but center-specific DHQs must comply with FDA 
regulations and AABB Standards.

Some blood centers have sought and received FDA approval for an abbreviated 
DHQ (aDHQ) for repeat donors. Kamel et al. demonstrated the use of an aDHQ with 
34 questions, compared to the full-length questionnaire, which is 55 questions, for 
frequent donors who had donated at least 3 previous times, once within the last six 
months. In this setting, the aDHQ resulted in increased satisfaction with the donation 
process and increased intention to donate in the future.

Donor Informed Consent: Donor informed consent is required and must contain, 
according to AABB Standards, the risks of the procedure, the tests performed, that 
the donor had the ability to ask questions and had them answered, and the ability to 
withdraw from the donation process. The informed consent has come under scrutiny 
recently as it appears that many potential donors do not fully comprehend what 
they are consenting to and the risks involved. Alaishuski et al. demonstrated this in  
whole blood donors, where 3/4 of the information was found to be “understood”. 

http://www.cdc.gov/malaria/risk_map/
http://www.cdc.gov/travel
http://www.fda.gov/cber/dhq/dhq.htm
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Some states require that minor donors (i.e. those under the age of 18) have a parent or 
guardian give written consent for his or her minor to donate blood. Some authorities 
have suggested that separate and more comprehensive informed consent forms be 
required for blood collection from minor age donors.

Technical Aspects of Blood Donation: Collection of blood from donors is a 
highly regulated and technically-specific process. As the starting point for all blood 
manufacturing, the selection and preparation of healthy blood donors and a safe col-
lection process is vital to the eventual preparation of high-quality blood components 
for transfusion and further manufacture. Facilities that collect blood for transfusion 
or further manufacture must have appropriate and adequate standard operating pro-
cedures, trained staff, and properly validated and functioning equipment.

Identification: Identification of the donor, and thus the donor’s blood product(s), 
from collection to final disposition, is critical to the safety and protection of both 
donor and recipient. A numeric or alphanumeric system must be used to identify both 
the donor and the donor’s blood unit(s), and it must identify and relate to the source 
donor, the donor record, the blood samples/tubes used for testing, the collection con-
tainer, and all components that were prepared from the initial donation. Care must 
be taken to avoid mix-ups or duplication of these identifiers. If an error is found, an 
investigation must be performed to ascertain the underlying cause for the error. Any 
numbers that are voided must be kept in a record that can be accessed in the future for 
any type of investigation that may take place.

Preparation of the Venipuncture Site: The antecubital area is the best site for 
locating a firm vein from which to collect blood. This area must be free of skin lesions. 
An inspection of both antecubital fossae must be done to identify any skin disease, 
scarring or evidence of intravenous drug use. A tourniquet or a blood pressure cuff 
inflated to 40–60 mmHg (but no tighter, for donor comfort) can enhance the size 
of the veins in the antecubital fossae being considered. The donor may be asked to 
open and close his or her hand, also to enhance the prominence of the veins being 
inspected. The blood pressure cuff or tourniquet should be removed prior to prepar-
ing the skin for phlebotomy. Adequate skin cleansing and diversion pouches (when 
collecting platelet products) protect against bacterial contamination.

Phlebotomy: Blood must be collected by a trained phlebotomist using aseptic meth-
ods, and a sterile closed system. The blood unit should be collected from a suitable 
vein in a single venipuncture, within the antecubital fossa of the donor’s arm, after the 
pressure device (blood pressure cuff or tourniquet) has been deflated and re-inflated. 
Whole blood is collected into a closed blood collection set consisting of a sterile collec-
tion bag containing anticoagulant, integrally attached tubing, and a large bore needle. 
A balance system or scale is used to measure the amount of blood being collected.

The total amount collected from the donor, including segments and specimen 
tubes, should not exceed 10.5 ml/kg of donor weight (whole blood collections); typi-
cally 70 ml of anticoagulant is in a container to collect 500  50 ml of whole blood. 
During collection, the blood should be mixed well with the anticoagulant in the bag, 
to prevent clotting. Some blood centers use staff to agitate the bag from side to side to 
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mix the fresh blood with anticoagulant; others utilize a specialized “shaking” device to 
mix the blood and anticoagulant mechanically and hands-free.

Post-donation Care: A pressure dressing is applied to the venipuncture site for 
hemostasis. The donor should proceed to the refreshment area to drink liquids and rest 
for 15 minutes. In addition, the donor should receive post-donation instructions, which 
include care of the venipuncture site, drinking liquids, and appropriate post-donation 
activity level. The contact information for the donor center should be provided for the 
donor to report any adverse reactions, to modify his or her donor history information, 
or to request his or her blood not be used for transfusion.

Donor Adverse Reactions: Blood donation is not without risk. The rate of adverse 
events increases based on age, weight, sex, and first-time versus repeat donations. In 
a study of blood donors which performed 1000 post donation interviews, 36.1% of 
whole blood donors had adverse events, including arm injuries (22.7% bruise, 10.0% 
sore arm, 1.7% hematoma, and 0.9% sensory changes), fatigue 7.8%, vasovagal findings  
5.3%, and nausea and vomiting 1.1%. These adverse reactions are further discussed in 
Chapter 6.
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blood and blood components can be collected either by whole blood (Wb)  
collection or by automated apheresis procedures from non-renumerated volunteer 
donors. Most red blood cell (Rbc) and transfused plasma products in the US are 
collected by Wb collection. In contrast, the majority of platelet products (75% in 
the US) are collected through automated apheresis. The manufacturing of Wb into 
various components is time- and labor-intensive, and therefore apheresis collection 
is frequently preferable as there are fewer steps in component processing, especially 
the elimination of the need for post-donation centrifugation and leukoreduction. 
Additional benefits of apheresis collection over Wb collection include the ability 
to control product volume and dose, the ability to use donors more effectively and  
to collect the products that are most needed, the ability to collect multiple components 
from the same donor, and the decreased risk of mislabeling or misidentifying a com-
ponent because of the minimum processing required after collection. Disadvantages 
of automated apheresis collection include increased expense (which may be offset by 
an overall increase in efficiency), an increase in phlebotomist training, and the inabil-
ity to collect a large number of products quickly.

Most of the regulations and standards are the same for blood donors undergoing 
automated apheresis collection as for those undergoing Wb collection (see chapter 5).  
However, a number of donor qualifications are unique to automated apheresis collec-
tions, which are the focus of this chapter. Of note, granulocyte apheresis collections 
are discussed in chapter 32.

Apheresis RBC Collections: Rbc apheresis products can be collected as two 
products (termed a double Rbc procedure) or as multicomponent donations with 
one Rbc component and one plasma and/or platelet component (termed double or 
triple component procedure).

In contrast to Wb, the minimum hematocrit for double Rbc collections is higher, 
at 40% instead of 38%. The deferral period after a double Rbc collection is 16 weeks, 
in contrast to Wb or a single Rbc collection, where it is 8 weeks. In addition, there 
are gender-specific minimum height and weight collection requirements: men must 
weigh more than 130 pounds and be taller than 5’1” to donate double Rbcs, while 
women must weigh more than 150 pounds and be taller than 5’5”.

Rbc apheresis donations are well tolerated, with lower adverse event rates, especially 
vasovagal reactions, than Wb donations. Reasons for lower vasovagal rates in Rbc 
apheresis compared to Wb donation include the larger weight requirement (the high-
est risk of vasovagal reactions is in Wb donors with lower weights, i.e. 130 pounds), 
saline replacement given during apheresis, reinfusion of plasma, and a longer time of 
procedure (30–40 minutes for apheresis versus 8–10 minutes for Wb donation). These 
factors decrease hypovolemia and thus the risk of vasovagal reactions.
33
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Platelet Apheresis (Plateletpheresis) Collections: Apheresis platelet col-
lections allow for single or multiple platelet products to be collected from a single 
donor. Like Rbcs, a platelet component can be collected along with plasma and/or 
Rbc components in double or triple component procedures. Apheresis platelet prod-
ucts are commonly used in lieu of Wb-derived platelet products in the US because 
plateletpheresis products eliminate the need for pooling multiple products, decrease 
donor exposure and ease bacterial testing. Outside the US there are automated sys-
tems which pre-pool and store leukoreduced Wb-derived platelets, making their use 
easier and, therefore, more common.

Apheresis products are preferred in specific patient circumstances. These situ-
ations include HLA matched or crossmatched platelet products for a patient who is 
refractory to platelet transfusions secondary to alloantibodies, and maternal plate-
lets or platelet antigen negative platelets for a newborn with neonatal alloimmune 
thrombocytopenia.

plateletpheresis donors must meet the same criteria as Wb donors, except they may 
donate plateletpheresis products more frequently: up to 24 times per year and twice 
per week, with intervals between donations of 2 or more days. If Rbc loss exceeds 
100 ml, then 8 weeks must lapse prior to the next donation. These criteria can be 
waived if approved by the medical director, as in the special situations cited above.

Additional deferral criteria include deferral for anti-platelet medications. The spe-
cific deferral criteria are defined by the collection facility’s medical director, but at 
minimum include 48 hours after last dose of aspirin and Feldene, and 14 days after 
last dose of plavix (clopidogrel) and Ticlid (ticlopidine).

A platelet count is not required before the first plateletpheresis collection, or if 4 
or more weeks have elapsed since the last plateletpheresis procedure. However, if less 
than 4 weeks have elapsed since the last plateletpheresis procedure, the apheresis plate-
let donor must have a platelet count 150,000/L. platelet count testing of the donor 
may be performed either before the current apheresis procedure, or before or after the 
preceding plateletpheresis procedure. Acceptance of a donor who does not meet all 
criteria can be made in the specific situations described above, with medical director 
approval.

The maximum total plasma volume removal requirements for each plateletpheresis 
collection are 500 ml for donors weighing less than 175 pounds, and 600 ml for donors 
weighing more than 175 pounds.

Unlike Wb collections or double Rbc collections, detailed records must be kept for 
each plateletpheresis procedure performed, including adverse events and the platelet 
count of each product collected. All platelet apheresis laboratory values and collection 
records must be reviewed at least once every 4 months (per FDA guidelines) by the 
blood center medical director.

Plasmapheresis Collections: plasmapheresis products are collected either as 
transfusable plasma or as source plasma for further manufacturing into human-
based plasma derivatives (such as intravenous immunoglobulin, albumin, and factor 
concentrates). Source plasma is usually collected by large commercial plasmapher-
esis collection centers from paid plasma donors. Source plasma is subject to differ-
ent requirements per the FDA and is also overseen by the ppTA (plasma protein 
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Therapeutics Association), which has developed an International Quality plasma 
program (IQpp) certification.

plasmapheresis programs can either be infrequent plasmapheresis (plasma dona-
tions more than 4 weeks apart) or frequent plasmapheresis (donations less than 4 
weeks apart). Infrequent plasmapheresis donors have the same donor eligibility 
requirements as Wb donors. Frequent plasmapheresis donors have other require-
ments, including the following:
l At the initial plasmapheresis, and at 4-month intervals, donor serum or plasma 

must be tested for total protein, and for serum protein electrophoresis or for quan-
titative immunoglobulins. These results must be normal for plasmapheresis proce-
dures to continue.

l Donors can donate up to every 2 days, or twice per week.

Recommended Reading
burgstaler eA. (2006). blood component collection by apheresis. J Clin Apher 21, 

142–151.
Department of Health and Human Services. (2006). 2005 Nationwide Blood Collection 
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Food and Drug Administration. (2007). Guidance for Industry and FDA review staff: 
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Food and Drug Administration. (2001). Guidance for Industry: Recommendations for 
collecting red blood cells by automated apheresis methods. Rockville, MD: cbeR 
Office of communication, Training, and Manufacturers Assistance. 

Smith JW, Gilcher RO. (2006). The future of automated red blood cell collection. 
Transfus Apher Sci 34, 219–226.



Recipient-specific blood donations
Krista L. Hillyer, Md

C H A P T E R  7
Recipient-specific blood components are donated in three circumstances: excep-
tional medical need, directed donation, and autologous donation. Exceptional medi-
cal need reflects blood collected for a specific patient who requires a rare product. 
Examples of this include RbC products for a patient with multiple RbC antibodies 
or antibodies to high frequency RbC antigens, or a neonate with neonatal alloim-
mune thrombocytopenia who requires an antigen negative platelet product. Directed 
donors donate to a specific patient, who is usually a family member. Autologous donors 
donate for themselves, usually prior to a specific procedure which will require the use 
of blood (typically RbCs). Further discussion about the use of autologous donations 
can be found in Chapter 51; the current chapter will focus on donor requirements 
particular to recipient-specific donation.

Exceptional medical need: There are patient-specific situations where the blood 
center medical director may accept a blood donor donating at a shorter time interval 
than normally allowed in order for the donor to supply a product which is medically 
special and indicated for a particular patient. For RbC donation this can occur as fre-
quently as every three days. The donor typically must fulfill all other allogeneic blood 
donation criteria. Circumstances where blood is collected for this reason include the 
following:
l Provision of RbC products for a patient with multiple alloantibodies or alloanti-

bodies to high incidence RbC antigens, where rare RbC products are needed.
l Provision of platelet products for a newborn with neonatal alloimmune thrombo-

cytopenia who requires platelet antigen negative products or maternal platelets.
l Provision of IgA deficient plasma or platelet products for a patient with anaphylac-

tic transfusion reactions secondary to IgA deficiency and anti-IgA.

Directed Donation: directed blood donors donate blood to be used for a friend, 
family member or another specific individual in need of blood products. directed 
donors must meet all the criteria for allogeneic blood donation, and therefore these 
products can be released into the general inventory by the consignee.

There is a perceived notion by the lay public that directed donor units have a lower 
risk of viral infection, especially HIV, because the directed donor is “known” by the 
patient or a requesting family member. In fact, directed donors have a higher rate of 
viral marker positivity overall than volunteer donors, because they are often first-time 
donors. There is also the additional concern that a person who is requested to be a 
directed donor may not be willing to divulge high-risk behaviors on the donor his-
tory questionnaire. In general, the transfusion community considers directed donor 
units to be, at best, no safer than the general inventory of allogeneic blood products. 
In addition, directed donors should be aware that their AbO blood type may not be 
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compatible with the recipient and therefore may not be available for the specified 
recipient’s use. Finally, directed donor units have an increased cost compared to rou-
tine volunteer units, secondary to the need to label them for a specific patient, and 
to ensure they are sent to the correct transfusion service and reserved for the specific 
patient.

Autologous Donation: Autologous donors donate their own blood units for their 
own use, usually prior to scheduled surgeries. The use of autologous blood was high-
est in the late 1980s and the early 1990s when the risk of transfusion-transmitted 
diseases was high, and therefore the risk of transfusion-transmitted disease could be 
decreased with its use. Its use has declined and stabilized, such that currently 0.5 mil-
lion units of autologous RbC products are collected annually. Only 50% of these units 
are transfused. Autologous units are not placed into the general inventory except in 
exceptional circumstances where a given blood component has an extremely rare phe-
notype. As with directed units, autologous units are more costly to produce secondary 
to the need to label and store them for a specific patient. In order to defray some of 
the additional costs, some blood centers will keep the unit as whole blood instead of 
manufacturing it into packed RbCs.

In order to prevent the collection and subsequent discarding of autologous units, 
autologous donation should only be allowed for planned procedures that have a 
high likelihood of RbC use. These include: major orthopedic procedures, vascular 
surgery, and cardiothoracic surgery. Procedures which are not indicted for autolo-
gous collection include uncomplicated obstetric delivery, cholecystectomy, and  
hysterectomy.

As well as mitigating the patient’s risk of contracting transfusion-transmitted dis-
eases, the benefits of autologous blood may include minimizing exposure to foreign 
RbC or white blood cell antigens that may stimulate alloimmunization and thus per-
haps avoiding transfusion-associated immunomodulation (see Chapter 64).

In order to collect autologous blood, the patient’s physician must write an order/
prescription which includes the date of the anticipated transfusion (usually date of 
the surgery) and the number of blood products needed (typically RbC products are 
needed, but some complicated surgeries may also require the use of plasma or plate-
let products). The criteria for acceptance of autologous donors are less stringent than 
those for allogeneic donors, because the goal of the questionnaire is to protect the 
individual from harm as a result of donation. Table 7.1 compares the criteria for allo-
geneic and autologous blood donation.

The blood center medical director has the ability to modify or set criteria for autol-
ogous donors, based on discussions with the donor/recipient’s ordering physician and 
weighing the risk/benefit analysis of the safety of donation for the donor versus having 
or not having the blood products available for the planned surgery (or other reasons 
for the need for blood products by the recipient). In some cases, the health risk to the 
donor of donating blood may outweigh the benefit of having his or her blood avail-
able for transfusion.



Table 7.1 Comparison of Criteria for allogeneic and autologous blood donors

Criterion Allogeneic donors Autologous donors

age Conform to applicable state law or 
16 years old

as defined by medical director

Wb volume collected 10 ml/kg, including samples 10 ml/kg, including samples; 
collection of small volume units 
requires adjustment of the 
anticoagulant volume in order to 
obtain the appropriate ratio

Hemoglobin 12.5 g/dl 11.0 g/dl

Hematocrit 38% 33%

Intervals between 
donations of RbCs

56 days after each Wb donation Typically 72 hours after each Wb 
donation*

blood pressure 180/100 mmHg as defined by medical director

donor history Full set of dHQ questions abbreviated, as defined by 
medical director:

Heart and lung diseases

blood disorders

bleeding conditions

Pregnancy

Medication and 
vaccination deferrals

Finasteride, dutasteride, isotretinoin, 
acitretin, etretinate, growth hormone 
from human pituitary glands, bovine 
or beef insulin, hepatitis b immune 
globulin, unlicensed vaccines

as defined by medical director

Heart rate (pulse) 50–100 bpm, or 50 bpm if otherwise 
healthy athlete

as defined by medical director

Temperature 37.5°C (99.5°F) orally as defined by medical director; 
defer for conditions that present 
risk of bacteremia

Venipuncture site Free from skin lesions and punctures/
scars indicative of self-injectable drug 
(narcotic, etc.) use

as defined by medical director

Platelet count  
(for platelet donors)

150,000/ul before procedure, if 
performed more frequently than once 
every 4 weeks

as defined by medical director

Not required before first procedure, 
or if procedure is not performed more 
often than every 4 weeks

Contraindications as per dHQ and blood center criteria as defined by medical director, 
likely including:

Unstable angina

Recent myocardial infarction or 
cerebral vascular event

Symptomatic heart or lung disease

Untreated aortic stenosis

*Last donation no less than 72 hours prior to date and time of need
Modified from Eder A (2008). Allogeneic and autologous blood donor selection. In: Roback JR, Combs MR,  
Grossman bJ, Hillyer Cd (eds), Technical Manual, 16th edition. bethesda, Md: AAbb Press.



Adverse donor reactions
Krista L. Hillyer, Md

C H A P T E r  8
A variety of adverse reactions and injuries can and do occur in blood donors as 
a result of the blood collection process. Approximately 4% of donors will experience 
some form of reaction, though most are mild vasovagal reactions and hematomas. 
The American red Cross classifies complications into defined categories, and reports 
syncopal-type (vasovagal) and phlebotomy-related complications to occur at rates of 
300/10,000 and 75/10,000 whole blood donations, respectively (rates are modestly 
lower in donors of apheresis-derived red blood cells). First-time donors, women, and 
donors less than 20 years of age are at higher risk for adverse events (see Figure 8.1). 
The most common reaction is classified as a vasovagal event, which can lead to loss 
of consciousness, seizure-like activity, and severe injury if precautions are not taken 
to avoid falls. Occasionally, adverse reactions such as nerve injury and injury from 
falling can lead to permanent disabilities, which have been estimated to occur with 
a frequency of 1:250,000 donations. death from blood donation has been investi-
gated by the FdA, including 22 events reported to the agency from October 2004 to 
September 2006. In their report the FdA concluded that no deaths were a direct result 
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of the blood donation, though one could not be ruled out (http://www.fda.gov/Cber/
blood/fatal0506.htm#g).

Complications of whole blood donation:

Minor local tissue injury: Most adverse donor reactions are minor, and include 
bruising, soreness and hematoma. Small hematomas occur in 75/10,000 donations. 
These complications can be treated with warm compresses and mild analgesics, and 
generally resolve completely within 7–14 days.

Nerve injury: Local nerve injury occurs with an incidence reported in one study of 
1 in 6,300 donations. donor complaints include sensory changes in the forearm, wrist, 
hand or shoulder, as well as radiating pain. About 15% of affected donors will also 
report decreased arm or hand strength. Nerve injury can be due to nerve compression 
as a result of a large hematoma, which can be due to unrecognized arterial puncture. 
direct nerve damage from the phlebotomy needle is an unusual event. Nerve injury is 
almost always transient, however, and 70% usually disappear within a month; almost 
all resolve within 1 year. rare cases of complex regional pain syndrome (reflex sympa-
thetic dystrophy) have been reported.

Vasovagal reactions: The most common systemic donor reaction is the vasova-
gal reaction, occurring in 250/10,000 donations. Predisposing factors include: (1) 
first-time donors; (2) donors with low weight; and (3) a history of previous donor 
adverse reaction. Complication rates after allogeneic whole blood donation are known 
to be higher in young and first-time donors, though the reasons for this are not 
known. Proposed mechanisms include changes in central thalamic pathways, vascu-
lar baroreceptor sensitivity, and age-dependent responses to physical and emotional 
stress. Anxiety related to blood donation, blood or needles in general may play a large 
part in vasovagal reactions as they can precipitate the reaction even before donation, 
and clusters of fainting (“epidemic fainting”) can occur when prospective donors wit-
ness an untoward event at a blood drive. Symptoms of vasovagal reactions include 
lightheadedness, nausea, pallor, sweating, weakness, hyperventilation, and declara-
tion of nervousness or complaints of any of these symptoms on the part of the donor. 
Vasovagal reactions can progress to loss of consciousness and seizure activity (tonic–
clonic convulsive movements, tetany, or tonic–clonic seizures with loss of bladder or 
bowel control).

Interventions for symptoms of vasovagal reactions, including fainting, include:
l having the donor breathe into a paper bag,
l calmness and reassurance from the phlebotomist,
l elevation of the donor’s legs above his or her heart,
l having the donor breathe in ammonium salts,
l cold compresses to the neck or forehead,
l loosening of tight clothing,
l ensuring that the donor has an adequate airway,
l monitoring blood pressure, pulse and respirations (vital signs) periodically until 

recovery, and
l reassurance from the collections staff.

http://www.fda.gov/Cber/blood/fatal0506.htm#g
http://www.fda.gov/Cber/blood/fatal0506.htm#g
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Prolonged recovery: Prolonged recovery is defined as presyncopal symptoms, 
with or without loss of consciousness, that do not resolve within 30 minutes. If the 
donor has not recovered from a vasovagal reaction or has unstable vital signs dur-
ing the typical 5–30 minutes expected for complete recovery from the reaction, most 
blood collection centers not located within a hospital (in the US) should call 911 for 
emergency medical services (EMS) response. The staff members should also notify 
their facility medical director either prior to or following the 911 call, depending on 
the severity of the symptoms and/or resulting injury that occurs. The EMS staff will 
travel to the blood center or mobile collection site and proceed to evaluate whether or 
not the donor should be transported to an emergency room for further medical evalu-
ation and treatment.

Arterial Puncture: Arterial puncture occurs at a rate of 1 per 10,000 donations, 
and is more common among inexperienced phlebotomists than those with experience. 
The most common indicator is rapid filling of the collection bag, a total phlebotomy 
time of less than 4 minutes and a bright red color of the blood. This event can occur 
with the initial puncture, or after needle adjustment. Proper treatment requires imme-
diate removal of the needle and application of pressure at the site of the injury. rarely, 
pseudoaneurysms will complicate arterial puncture.

Complications of apheresis donations:

Apheresis-specific reactions: Apheresis (the withdrawal of blood with a por-
tion being separated and the remainder re-transfused into the donor) removes a lim-
ited amount of blood from the donor, and with some systems the volume removed is 
replaced, so vasovagal reactions are less frequent (1%) than for whole blood dona-
tion. In addition, apheresis donors are required to have higher blood volumes than 
whole blood donors. Hematomas and venepuncture complications can also occur in 
apheresis donors, as described above for whole blood donation. There are donor reac-
tions which are specific to apheresis, including hypocalcemia, allergic reactions, and 
machine malfunction leading to thrombi, hemolysis, air emboli and leakages.

Hypocalcemia: Hypocalcemia is due to citrate anticoagulant, which binds calcium, 
used to keep the blood from clotting in the apheresis machine tubing. Usually hypoc-
alcemia results in perioral or peripheral parathesias, nausea and shivering. Severe 
hypocalcemia can result in loss of consciousness, convulsions or cardiac arryhthmia. 
Hypocalcemia occurs in up to 10% of collections, but is severe in less than 0.03% of 
collections. Treatment of hypocalcemia includes reducing citrate infusion rate, admin-
istering calcium tablets and, for severe cases, terminating the collection and adminis-
tering intravenous calcium.

Machine Malfunction: Machine malfunction leading to thrombi, hemolysis, air 
emobolism or leakage occurs in less than 0.5% of collections, but the effects can be 
severe. It is usually secondary to improper manufacturing of the disposable set or 
improper mounting of the set. Newer apheresis devices have improved safety features 
to protect the donor and mitigate these complications.

Allergic reactions: donors may be hypersensitive to sterilizers, especially ethylene 
oxide, or to components of the apheresis set.
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Platepheresis/granulocytapheresis: There are other considerations that must 
be taken into account for processes that extract platelets or granulocytes. In some 
instances frequent plateletpheresis can cause a drop in platelet levels that, in some 
cases, will cause collections to be discontinued altogether. Granulocytapheresis can 
also cause certain side-effects. donors who take small doses of corticosteroids may 
experience insomnia. Furthermore, a combined dose of G-CSF and dexamethasone 
may cause insomnia, mild bone pain, and headaches (see Chapter 32).

approach to the donor and donation process: For all adverse reactions, 
the staff should terminate the donation. The donor experiencing an adverse reaction 
should then be taken to a private area away from others. It is important to reassure the 
donor, contact the blood bank physician and perhaps call for emergency medical serv-
ices, depending on the severity of the reaction and the length of the recovery period 
after the reaction occurs. Another important consideration is to provide the donor 
with personal attention and reassure him or her throughout the phlebotomy proce-
dure. It is of equal importance to maintain an adequate number of staff members. 
Interventions to prevent injury from falling should also be implemented when possi-
ble. Newman has studied ingestion of water within 30 minutes of the start of donation, 
and reported a decrease in vasovagal reactions.

recommended reading
Eder AF, dy BA, Kennedy JM et al. (2008). The American red Cross donor hemovigi-

lance program: complications of blood donation reported in 2006. Transfusion 48, 
1809–1819.

Eder AF, Hillyer Cd, dy BA et al. (2008). Adverse reactions to allogeneic whole blood 
donation by 16- and 17-year-olds. JAMA 299, 2279–2286.

Fatalities reported to the FdA following blood collection and transfusion (available at 
http://www.fda.gov/Cber/blood/fatal0506.htm#g).

Newman BH. (2004). Blood donor complications after whole-blood donation. Curr 
Opin Hematol 11, 339–345.

Newman BH, Waxman dA. (1996). Blood donation-related neurologic needle injury: 
evaluation of 2 years’ worth of data from a large blood center. Transfusion 36, 
213–215.

Newman BH, Pichette S, Pichette d, dzaka E. (2003). Adverse effects in blood donors 
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C H A p T E R  9
Blood components, including red blood cells (RBCs), plasma, platelets and  
granulocytes, are prepared either from whole blood donation or by automated apher-
esis. Blood component manufacturing allows each component to be stored under 
optimal conditions, and component therapy has largely replaced the use of whole 
blood due to the ability to choose components and component constituents that tar-
get specific patient needs. Component therapy is also considered to be medically and 
fiscally efficient.

Whole blood: Whole blood is the most common starting product for component 
preparation and manufacturing. Whole blood is generally not stocked in most blood 
banks today because component therapy is more appropriate to target a patient’s spe-
cific indications for transfusion (for example, RBC products for symptomatic anemia, 
plasma products for coagulation factor deficiencies, and platelet products for throm-
bocytopenia). In addition, platelet function is lost when whole blood is stored in the 
refrigerator, and the coagulation factor activity, especially for labile factors (Factors V 
and VIII), deteriorates over time. In general, 500 ml of whole blood is collected into 
a bag with 70 ml of anticoagulant-preservative solution (see below), creating a prod-
uct with a final hematocrit 38%. Whole blood is stored at 1–6°C. Depending on the 
manufacturer’s system, different hold times are allowed for before the preparation of 
blood components from whole blood. If platelet products are to be manufactured from 
whole blood, the whole blood product must be stored at room temperature until the 
platelets are removed.

Fresh whole blood is occasionally being used by the US military via “walking 
blood donors” (donors who are ABO/D typed, infectious disease tested and available 
to donate in times of need). This product is transfused as soon as possible and has 
a shelf-life of 24 hours when stored at room temperature, allowing maintenance of 
platelet function while still minimizing the risk of bacterial overgrowth.

Component manufacturing: When whole blood is manufactured into compo-
nents, it is collected into a primary bag containing an anticoagulant-preservative solu-
tion. The primary bag has up to three satellite bags attached, for RBC, platelet, plasma 
and/or cryoprecipitate component manufacturing. Due to the different specific gravities 
of RBCs (1.08–1.09), plasma (1.03–1.04) and platelets (1.023), differential centrifugation 
of the whole blood product is used to prepare blood components. Optimal component 
separation requires specific centrifugation variables, such as rotor size, speed, and dura-
tion of spin (see Figure 9.1).

Anticoagulant-preservative solutions: Anticoagulant-preservative solutions allow 
blood components to be stored for extended periods of time, generally weird spacing 
without a significant detrimental effect on the quality of the RBC. The shelf-life of a 
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given product is determined at the time of licensing of the product, and is chosen so that 
75% of the transfused RBCs remain viable 24 hours after transfusion. The commonly 
used anticoagulant-preservative solutions are acid-citrate-dextrose (ACD), citrate-phos-
phate-dextrose (CpD), citrate-phosphate-dextrose-dextrose (Cp2D) and citrate-phos-
phate-dextrose-adenine (CpDA-1). The citrate (sodium citrate and citric acid) acts 
as an anticoagulant, and the phosphate (monobasic sodium phosphate and trisodium 
phosphate), adenine and dextrose are substrates for cellular metabolism. ACD, CpD and 
Cp2D allow for RBC storage of 21 days, whereas RBCs stored in CpDA-1 have a shelf-
life of 35 days. Additive solutions with a number of differing constituents included to 
minimize the RBC storage lesion include Adsol 1, 3 and 5, and these solutions allow an 
outdate of 42 days (see below).

RbC Components: RBC products are used primarily for the treatment of symp-
tomatic anemia or hemorrhage, to increase tissue oxygenation. RBC products are pre-
pared either by centrifugation of whole blood followed by removal of the platelet-rich 
plasma layer, or by automated apheresis collection. RBCs stored in CpD or Cp2D have 
a shelf-life of 21 days and in CpDA-1 of 35 days. RBCs stored in CpD, Cp2D or CpDA-
1 have a hematocrit of ~80% with a final volume of 225–350 ml and up to 110 ml of 
plasma. RBCs stored in additive solutions (see below) have a hematocrit of ~60% and 
can be stored for up to 42 days.

Additive solutions: As above, additive solutions, such as AS-1, AS-3 and AS-5, can 
be added to the primary anticoagulant-preservative to increase the shelf-life of RBCs 
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to 42 days. All of these solutions contain dextrose, adenine and sodium chloride; AS-1 
and AS-5 contain mannitol, and AS-3 contains monobasic sodium phosphate, sodium 
citrate and citric acid. Additive solution products have a final volume of 350–400 ml 
and hematocrit of 55–65%, containing 100–110 ml of additive solution and 10–40 ml 
of plasma. In general, additive solutions must be added to the product within 24 hours 
of collection, depending on manufacturer’s specifications.

rBC modification: RBC products can be further modified for specific patients’ 
needs. multiple modifications can be performed on a single product. Examples of 
product modifications and their use include the following:

1. Freezing: Frozen RBC products, which are cryopreserved with glycerol, have an 
extended storage life of up to 10 years when stored at 65°C or below. The primary 
indications for frozen RBCs are for rare RBC products (i.e. products from donors 
who lack high frequency antigens) or autologous donations, or to maintain product 
inventory in disaster management. Frozen RBC products must be deglycerolized 
prior to transfusion. Deglycerolized products have a 24-hour outdate.

2. Volume reduction: RBC products are volume-reduced to remove the supernatant. 
The primary indications are to remove the accumulated potassium, which leaks 
from the RBCs during storage, in order to prevent hyperkalemia in at-risk patients 
such as neonates; to reduce the Adsol concentration, though this is rarely required; 
or to reduce the volume infused in volume-sensitive pediatric patients.

3. Washing: RBC products can be washed to remove the plasma and, with it, plasma 
proteins. This process can be used to minimize the risk of recurrence of severe aller-
gic/anaphylactic reactions.

4. Rejuvenation: Rejuvenated RBCs have 2,3-DpG and ATp levels near to those of a 
freshly drawn unit. During storage, 2,3-DpG levels fall linearly towards zero dur-
ing the first 2 weeks. ATp levels fall to 50–70% of initial levels during storage, 
depending on the anticoagulant-preservative solution used. Rejuvenation is usually 
 performed prior to freezing RBCs. The RBCs must be washed prior to use to 
remove the cryoprotectant solution.

5. Leukoreduction: Leukoreduced RBCs are used to mitigate the risk of febrile non- 
hemolytic transfusion reactions, HLA alloimmunization, CmV infection and  
transfusion-related immunomodulation, each in appropriate and clinically indi-
cated populations. Some centers and clinicians favor the availability of universally 
leukoreduced products.

6. Irradiation: Irradiated RBCs are used to prevent transfusion-associated graft versus 
host disease.

7. Aliquots: RBC products can be divided into smaller volumes for neonatal transfusions.

Plasma Components: The administration of plasma products is primarily to 
treat or prevent coagulopathy secondary to multiple plasma factor deficiencies. 
plasma contains all of the coagulation factors in addition to albumin and fibrinogen. 
plasma products are manufactured either from whole blood or by automated apher-
esis. The plasma products that are used in the transfusion service include fresh fro-
zen plasma (FFp), plasma frozen within 24 hours of phlebotomy (Fp24), and thawed 
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plasma (Tp). FFp must be frozen within 6–8 hours of collection, while Fp24 is frozen 
between 8 and 24 hours of collection. Fp24 has lower levels of Factors V and VIII than 
FFp, but this reduction is rarely of clinical significance. FFp and Fp24 are stored at 
18°C or colder for up to 1 year (with approval from the FDA, FFp can be stored  
at 65°C or colder for up to 7 years). prior to transfusion, plasma must be thawed at 
3037°C, which requires ~20 minutes; it is then stored at 16°C if not transfused 
immediately. Once thawed, FFp and Fp24 must be transfused within 24 hours, other-
wise it becomes classified as Tp, which is stored at 1–6°C for up to 5 days. During the 
5 days of storage, Factor VIII activity levels decrease by approximately 30%. FFp and 
Fp24 are used interchangeably in most situations, and Tp is often acceptable in many 
clinical circumstances; its use is driven primarily by the human and fiscal cost of dis-
carding previously thawed products, and by the necessity of having plasma available in 
emergent situations.

plasma products may be further manufactured into cryoprecipitate and cryopre-
cipitate-reduced plasma. In addition, outside of the US, large pools of plasma are 
manufactured into solvent/detergent-treated plasma, which has minimal (if any) risk 
of transmitting lipid-enveloped viruses (HIV, HCV, and HBV).

plasma (stored at 18°C or below) and liquid plasma (stored at 16°C) are man-
ufactured from whole blood no later than 5 days after the whole blood expiration 
date, and are converted into an unlicensed product termed “recovered plasma” that 
is shipped for fractionation into albumin, antithrombin III, Factor VIII or Factor IX 
concentrates, or immunoglobulin preparations.

Cryoprecipitate: The primary indication for the use of cryoprecipitate (the FDA 
term is cryoprecipitated AHF) is for replacement of fibrinogen. Cryoprecipitate is pre-
pared by slowly thawing FFp to 1–6°C, thereby leading to formation of a precipitate, 
which is collected and refrozen to make cryoprecipitate. Each unit of cryoprecipitate, 
which is approximately 15 ml, must contain fibrinogen (150 mg) and Factor VIII 
(80 IU). In addition, each unit contains von Willebrand’s Factor (VWF) (80–120 
IU), Factor XIII (40–60 IU) and fibronectin. Cryoprecipitate is usually administered 
to adults in doses of 8–10 donor units, which are pooled prior to transfusion (known 
as a cryopool). Some blood centers manufacture pre-pooled cryoprecipitate, where 
five units are pooled together prior to storage. This product is easier for the transfu-
sion service to use in cases of emergency than pooling prior to issue (post-storage). 
Cryoprecipitate units can be stored for up to 1 year at 18°C, but must be transfused 
within 4 hours of pooling using an open system, or within 6 hours of thawing.

Cryoprecipitate-reduced plasma: Cryoprecipitate-reduced plasma is used exclu-
sively for plasma exchange or transfusion in patients with thrombotic thrombocyto-
penic purpura. Cryoprecipitate-reduced plasma is FFp from which the cryoprecipitate 
has been removed, and therefore contains decreased amounts of VWF, Factor VII,  
Factor XIII and fibrinogen. Cryoprecipitate-reduced plasma is stored at 18°C  
with an expiration date of 1 year, and once thawed at 30–37°C is stored at 1–6°C for 
up to 5 days.

Plasma derivatives: plasma derivatives are prepared by cold ethanol fractionation 
of large pools of plasma, and include albumin, immune globulin (Rh immune globulin  
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and intravenous immunoglobulin), and coagulation factor concentrates (Factor VIII, 
Factor IX and antithrombin III).

Platelet Components: platelet products are used for the treatment or prophylaxis 
of bleeding secondary to thrombocytopenia or dysfunctional platelets. platelets are 
prepared from whole blood (also known as whole blood derived, platelet concentrates, 
or random donor platelets) or via automated apheresis (also known as apheresis 
derived platelets, “platelets,pheresis” (said platelets comma pheresis), plateletpheresis, 
or single donor platelets). Whole blood derived platelets have a volume of 40–70 ml 
and must contain 5.5  1010 platelets. The usual adult dose of whole blood derived 
platelets is a pool of four to six units. Apheresis platelets have a volume of ~300 ml 
and must contain 3.0  1011 platelets in 75% of the products tested. most apher-
esis systems use ACD-A as the anticoagulant-preservative solution. The majority of 
 apheresis devices provide products which are leukoreduced to a residual WBC count 
of 5  106 white blood cells (termed process leukoreduction) and have minimal 
RBC contamination.

platelets are stored at room temperature (20–24°C) with gentle agitation for a  
maximum of 5 days. Once the system has been opened or the platelets pooled, the 
product must be transfused within 4 hours.

Buffy Coat platelets: Outside of the US, platelets can be prepared from whole 
blood using a buffy coat method, which differs from the US method (typically referred 
to as the platelet-rich plasma (pRp) method). Instead of removing the platelet-rich 
plasma after softly centrifuging whole blood followed by separation of platelets from 
plasma using a hard spin (the pRp method), the whole blood first goes through a hard 
spin, after which the RBCs and plasma are removed leaving the buffy coat. The buffy 
coat is then softly spun, after which the residual white blood cells are removed, leaving 
the platelet concentrate. Four to six buffy coat platelet concentrates are then pooled 
to create a single pooled platelet product. Studies have shown no difference in quality 
between these two methods of preparing platelet concentrates; however, the buffy coat 
method has several advantages, including a decrease in residual WBC, possible auto-
mation of platelet preparation from whole blood, and the ability to prepare platelet 
pools up to 24 hours after collection rather than within 4 hours of transfusion, as is 
the case for pRp platelets in the US.

platelet modification: platelet products can be further modified for specific 
patients’ needs. multiple modifications may be performed on a single product. 
Examples of product modifications and their use include the following:

1. Volume-reduction: platelet products are volume-reduced to remove the supernatant. 
The primary indications are to prevent hemolytic reactions by removing the plasma 
in ABO-incompatible products, or to prevent volume overload in at-risk patients.

2. Washing: platelet products are washed to remove plasma proteins, in order to pre-
vent recurrence of severe allergic/anaphylactic reactions.

3. Leukoreduction: Leukoreduced platelets are used to mitigate febrile non-hemolytic 
transfusion reactions, HLA alloimmunization, CmV infection, and transfusion-
related immunomodulation.
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4. Irradiation: Irradiated platelets are used to prevent transfusion-associated graft ver-
sus host disease.

5. Aliquots: Apheresis platelet products can be divided into smaller volumes for neo-
natal transfusions.

Granulocytes: Granulocytes, administered for treatment of patients with neutro-
penia and life threatening infection, have a 24-hour shelf-life. The use of granulo-
cytes varies due to issues with rendering timely viral testing and in transporting of 
the product from collection to transfusion service during that timeframe, and the 
presumption of the collection of inadequate doses of granulocytes using currently 
accepted methods of donor preparation and collection. Granulocytes are usually col-
lected using apheresis devices, but they may also be prepared from the buffy coat of 
centrifuged whole blood for neonatal transfusions. Apheresis-derived granulocytes 
have a volume of about 200 ml and contain RBCs (20–50 ml), platelets (3  1011) and 
plasma in addition to granulocytes (1  1010). modalities used to improve the gran-
ulocyte dose are to stimulate the donor with granulocyte colony stimulating factor 
(G-CSF) and/or corticosteroids, though this method and its resultant clinical efficacy 
have not been proven as yet in randomized clinical trials, and/or to use hydroxyethyl 
starch (HES) to improve sedimentation and collection during apheresis. The use of all 
three modalities should increase the product yield to 1  1011 granulocytes. These 
products should be transfused as soon as possible, but they may be stored for up to  
24 hours after collection at 20–24°C without agitation. All granulocyte products 
should be irradiated to prevent transfusion-associated graft versus host disease, but 
they cannot be leukoreduced and, therefore, CmV-seronegative products may be indi-
cated for at-risk patients.

Component labeling: Blood components must be labeled in accordance with 
FDA regulations and AABB Standards for Blood Banks and Transfusion Services 
(Standard 5.1.6.3). The following requirements apply:
l The labeling must conform with the most recent version of the United States 

Industry Consensus Standard for the Uniform Labeling of Blood and Blood 
Components using ISBT 128 (as of may 1, 2008).

l The original label and added portions must be attached to the container, includ-
ing the ABO/Rh type, donation identification number, product code, and facility 
identification.

l All modifications must be specified.
l If a new label is applied, the process must be accurate.
l The labeling process must include a second check to ensure accuracy.

recommended reading
Kauvar DS, Holcomb JB, Norris GC, Hess JR. (2006). Fresh whole blood: a controver-

sial military practice. J Trauma 61, 181–184.
Slichter SJ. (2007). platelet transfusion therapy. Hematol Oncol Clin North Am 21, 

697–729.
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C H A p t E R  10
Each component must have its ABO and d-antigen status tested as a primary 
mechanism of preventing ABO-incompatible blood transfusions and d-antigen sen-
sitization. Additionally, components must be tested for the presence of unexpected, 
clinically significant antibodies to prevent potential recipient hemolysis. RBC prod-
ucts often undergo further RBC antigen characterization in order to supply blood 
products for patients with alloantibodies or patients with chronic anemia (e.g. sickle 
cell disease) who require “phenotypically-similar” RBC components.

Most blood centers use serologic methods to perform these tests, but the use of molec-
ular testing is growing. Serologic methods include tube testing (also known as the “wet” 
method), the gel method (also known as “column agglutination”), or solid phase testing. 
these tests, and the various methods, are discussed in more detail in Chapter 19.

ABO group typing: the ABO blood group phenotypes include A, B, AB and O. 
the reciprocal antibodies are consistently present in the sera of a majority of individ-
uals without previous red blood cell (RBC) exposure (e.g. anti-B antibodies in blood 
group A patients), and these antibodies may result in severe intravascular hemolysis 
after transfusion of ABO-incompatible blood components. the prevention of ABO-
incompatible transfusion is the primary objective of pretransfusion testing.

ABO type is determined by testing donor RBCs with anti-A and anti-B (also 
known as a “forward” or “front” type) and the donor plasma with group A1 and group 
B RBCs (also known as a “reverse” or “back” type). discrepancies between the front 
and back type must be resolved prior to labeling a blood component (see Chapters 19 
and 22). RBC genotyping can be used to resolve typing discrepancies.

D-antigen phenotype: the d antigen (also termed the Rh or Rh(d) type) is the 
most immunogenic of the RBC antigens, and therefore the d antigen is second to the 
ABO blood group in importance in transfusion medicine. the donor center must 
ensure that d-negative products are appropriately labeled, such that a recipient of a 
d-negative product does not form anti-d in response to transfused RBCs. Currently 
donor centers use typing reagents to detect the presence of the d antigen, and these rea-
gents must be sensitive enough to detect the presence of weak d. Weak-d testing can 
be performed either by including the antihuman globulin phase, which takes additional 
time, reagents and controls, or through the use of certain automated techniques which 
are sensitive enough for “weak-d” detection such that a separate “weak-d” test is not 
required. d-negative donors in Germany and Austria were RHD tested by molecular 
methods, and about 1 in 1000 was found to have the RHD gene and express the d anti-
gen, but at levels which are not detected by routine serologic tests (e.g. del). In addition, 
transfusion of these products with low levels of d antigen resulted in sensitization of the 
d-negative recipient in some instances. therefore, these donors were removed from the 
d-negative donor pool (see Chapters 19 and 23).
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Antibody screening for the presence of unexpected RBC Antibodies: 
Alloantibodies other than anti-A and anti-B (which are expected RBC antibodies) 
are found in 1% of the US donor population. Immunization to these RBC antigens 
typically requires RBC exposure, usually as a result of prior pregnancy or transfusion. 
Most blood centers test all donated blood for unexpected antibodies. While the AABB 
Standards state that blood from donors with histories of transfusion or pregnancy 
must be antibody-tested, it is often not practical to separate donor specimens by these 
criteria. In addition, the use of automated platforms eases testing by incorporating 
ABO and d testing and antibody screening on a single instrument.

In contrast to the patient setting, antibody testing of a donor may use donor 
plasma or serum tested against either pooled or individual reagent RBCs of known 
phenotypes (because of the decreased sensitivity of using pooled RBCs, patient pre-
transfusion testing must be performed on at least two individual screening RBCs). 
Antibody screening procedures are discussed in Chapter 19, and antibody identifica-
tion, including determining whether the antibody is clinically significant, is discussed 
in Chapter 20. Blood components that contain RBC antibodies can be used for trans-
fusion, given the transfusion service has appropriate policies in place, this is usually 
the form of providing the products to patients who are antigen negative for the cor-
responding antibody.

phenotyping RBC products: In the US, the current practice is to match only 
for the ABO and d antigens, but there are two common situations when multiple 
antigen-negative RBC products are requested: (1) when recipients have correspond-
ing alloantibodies; and (2) for special chronically transfused patient populations, 
such as patients with sickle cell disease (SCd), thalassemia and autoantibodies. the 
transfusion management of sickle cell disease and thalassemia patients is discussed in 
Chapter 45 and the transfusion management of patients with autoantibodies is dis-
cussed in Chapter 44.

Alloimmunization occurs in approximately 2–6% of patients who receive RBC 
transfusions, but the rate of alloimmunization may be as high as 36% in patients with 
SCd. Recipients with multiple alloantibodies challenge a blood bank’s ability to pro-
vide antigen-negative, compatible RBCs for transfusion, because blood banks must 
phenotype many times the number of units necessary to find an appropriate product. 
the number of products screened multiplies, depending on the RBC antigens’ preva-
lence in the donor population and the number of antigens to which the recipient has 
made antibodies. this requires the donor center to utilize more laboratory technolo-
gists’ time, maintain a larger RBC inventory, and have available all appropriate rea-
gents. A major goal of the mass-scale genotyping process is to allow for the expansion 
of phenotype/genotype matching for a greater number of patients, thereby improving 
unit availability.

there are patient populations that benefit from receiving phenotype-matched 
products, especially those who are chronically transfused or at increased risk for 
alloantibody formation. phenotype-matched products can be limited to the C, E and 
K antigens or extended to include Fya, Jka, Jkb, S and other antigens. the fundamental 
reason to provide phenotypically-similar products is to prevent alloantibody forma-
tion and the subsequent negative consequences of hemolytic transfusion reactions. 
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the downside of this precise matching practice is that it makes routine transfusion 
more difficult for both the donor center and the transfusion service. therefore, cur-
rently, phenotype matching is only applied to specific patient populations as described 
above.

donor centers currently screen and stock RBC products to keep a pool of fre-
quently needed antigen-negative products. Usually donor centers screen products 
from repeat group O donors and family members of patients who have formed alloan-
tibodies to high-prevalence antigens for rare blood types. Batch serologic screening is 
technologist time-intensive to perform, typing reagents are expensive, and appropriate 
controls are required. As a result, donor centers have algorithms to help determine the 
likelihood of an antigen-negative product, based on limited phenotyping, and donor 
race and ethnicity.

the American Rare donor program (ARdp) has a list of over 30,000 individu-
als, compiled by the AABB and the American Red Cross (ARC), who are active blood 
donors with a blood type that occurs in less than 1 in 10,000 people. this program sup-
plies these rare RBCs all over the world, but mostly within the United States (US). It 
relies on the above methods to find these products, and the continued goodwill of these 
donors to maintain an adequate supply. In addition, the ISBt maintains a rare blood 
donor program which is compiled and maintained by the International Blood Group 
Reference Laboratory (IBGRL). the use of large-scale genotyping methods would ena-
ble increased identification of these rare RBC products and corresponding donors.

High-throughput molecular technologies in the field of transfusion medicine 
make it possible to determine multiple RBC antigen single nucleotide polymorphisms 
(SNps) simultaneously. there are multiple mass-scale genotyping platforms in use and 
in development in North America and Europe. the above concept was demonstrated 
when 2355 donors were genotyped to predict for the presence of K, k, Jka, Jkb, Fya, Fyb, 
M, N, S, s, Lua, Lub, dia, dib, Coa, Cob, doa, dob, Joa, Hy, LWa, LWb, Sc1, Sc2 and HgbS, 
and 21 rare donors were identified (Co(a  b), Jo(a), S  s, and K  k).

Antibody titer Anti-A, Anti-B: Blood products, especially platelet products from 
group O donors, may be tested for the presence of high-titer anti-A (more commonly) 
and/or anti-B in order to prevent hemolytic transfusion reactions secondary to ABO 
incompatibility. Currently in the US this is inconsistently practiced, with a variety of 
methods and cut-off values used to determine which products are “high titer” (and 
therefore at higher risk of causing a hemolytic reaction). the Biomedical Excellence 
for Safer transfusion (BESt) collaborative is currently investigating this practice 
throughout the world.

International: Outside the US, more extensive RBC phenotype matching and 
other serological testing may occur. For example, in the UK it is routine to test RBC 
components for the K antigen, and K-negative RBC products are recommended for 
the transfusion of females with child-bearing potential (i.e. under the age of 55 years). 
In addition, the UK screens blood components for the presence of high-titer anti-A 
and/or anti-B using a 1/100 dilution with group AB RBCs on an automated platform. 
Components that are negative are labeled appropriately. Components with high-titer 
anti-A and/or anti-B are reserved for ABO group-specific transfusions.
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Safe and available blood products are required for optimal function of any 
advanced medical system. indeed, ensuring blood product safety relies on a number of 
important measures, including appropriate selection of donors from safe populations; 
careful and consistent donor history screening by questionnaire; laboratory testing for 
infectious disease markers by a variety of methods; and the use of good manufactur-
ing practices, quality systems, and accreditation and inspection systems. the focus of 
this chapter is laboratory-based infectious disease testing of samples collected from, 
or concomitantly with, a whole blood or apheresis-derived allogeneic donation from 
non-remunerated volunteer donors in the US. Outside the US, practices are very simi-
lar in developed nations, though national requirements and regulatory bodies obvi-
ously differ. in developing nations, restricted fiscal resources have typically required 
decreased use of some tests, though this is changing dramatically.

Background: A substantial number of infectious diseases can be transmitted by 
transfusion, and the agents responsible for these infectious diseases have four elements 
in common, as listed in table 11.1.

Table 11.1 Criteria for Transfusion Transmission of infectious agents

l There must be an asymptomatic, infectious phase in the blood donor.
l agent viability must be maintained during storage.
l There must be a seronegative recipient population.
l The agent must be capable of inducing disease following transfusion.

Starting in the 1940s, with the recognition that syphilis could be transmitted by 
transfusion, routine testing was implemented. Later, viral hepatitis and human immu-
nodeficiency virus (HiV) would become the biggest concerns, and advances in test-
ing methodologies and strategies, immunology and molecular biology led both to 
improved understanding of the biology of these infectious agents – including hepatitis 
B virus (HBV), hepatitis C virus (HCV) and HiV – and the development and imple-
mentation of sensitive and specific tests to mitigate transmission by transfusion.

Approach to testing: in the US, both blood and blood components, and the pre-
release tests used in component manufacturing are classified as “biologics” by the US 
Food and drug Administration (FdA). As such, infectious disease tests used in the 
blood industry undergo extensive clinical trials followed, typically, by FdA licensure. 
A list of current FdA-licensed tests can be found at www.FdA.gov/cber/products/ 
testkits.htm.
55
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in general, the following scheme is utilized:
1. each and every blood donation is tested, testing is performed on a sample 

drawn at the time of a donation, and donated units are placed in quarantine 
until test results are completed, deemed negative, and reviewed.

2. With the exception of most viral nucleic acid testing (NAt), each sample is 
tested individually. NAt is an expensive yet sensitive technology that reduces the 
window period. in order to decrease the cost without significantly decreasing 
the sensitivity, NAt is performed in most circumstances using a pooled aliquot 
from 16–24 donor samples.

3. Non-reactive tests are considered to be negative and the related blood unit and 
its components may be released from quarantine and issued as appropriate and 
needed.

4. Samples with initially positive tests are retested in duplicate. if both of the 
repeat test results are non-reactive, the sample is classified as negative and the 
corresponding components may be released from quarantine. if one or both of 
the repeat tests is reactive (“repeatedly reactive”), the unit cannot be released for 
transfusion and is destroyed.

5. Samples that are repeatedly reactive undergo confirmatory or supplementary 
testing, typically with different sensitivity and specificity characteristics than the 
initial screening tests described above. the results of the confirmatory and/or 
supplementary tests improve the accuracy and predictive value of the results 
and aid significantly in donor notification and counseling.

Determination of need and requirement for testing: While a large number 
of infectious agents can be transmitted by transfusion, testing is performed for only 
a relatively small number of these (table 11.2). Many factors are considered in deter-
mining the requirement for testing. these include prevalence of the organism in the 
blood donor population, the severity of the disease the organism can transmit, the 
availability and efficacy of treatment in the recipient population, and the existence and 
availability of testing technologies, reagents, methodologies and test kits.

in the United States, there is no agreed upon formula for the implementation of 
new tests or the removal of tests that no longer substantially improve the safety of 
the blood supply. Some tests are mandated in the FdA Code of Federal regulations 
(CFr), others have been adopted as a “community standard” without being mandated, 
and some are used only in specialized patient populations (table 11.2). At the time 
of this writing, tests for dengue and transmissible spongiform encephalopathies are 
being considered for development, testing or adoption.

Selection of a testing methodology: in general, test methodologies employed 
as screening tests for blood products have higher sensitivity (and correspondingly 
reduced specificity) as compared to diagnostic tests that are used in populations with 
a high infectious agent prevalence. Analytic and epidemiologic sensitivity are impor-
tant in order to detect the presence of an infectious agent in the blood of a donor.

the Biology of an infection, the window period and testing Strategies:  
reflecting on the biology of any given infection allows for an understanding of the 
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clinical significance of any given infectious disease test, and directs the testing strategy.  
Figure 11.1 shows the clinical course of disease and related test markers following 
infection with HBV, which also closely mirrors that seen with HiV, HCV and West 
Nile Virus (WNV).

immediately following infection (time 0) is the so-called window period. initially 
described for HiV antibody, the window period was the time during which a blood 
product was infectious but antibody could not be detected. With the institution of 
HiV antigen and, later, HiV NAt, the window period “closed” significantly. indeed, 
a window period exists for any viral infection and includes both the tissue or eclipse 
phase, in which there is early infection in tissues but no viremia, and the viremic 
phase, in which viral particles are present in the bloodstream but are below the limits 
of detection by current screening test methodologies.

Figure 11.1 shows that antigen and NAt positivity occur early in the course of 
infection, while the generation of antibody occurs sometime later following an 
immune response. thus, testing strategies could conceivably employ HBV antibody, 
antigen and dNA detection. Specific testing strategies for each of the infectious agents 
are described in detail in the following chapters, and each of these strategies is based 
on understanding a diagram similar to that in Figure 11.1. during the course of infec-
tion there is an initial period where the patient is viremic, but current testing method-
ologies are unable to detect the virus (i.e. the window period), next the virus can only 
be detected through nucleic acid testing (presented in the figure as HBV dNA), then 
the virus can be detected through the serological testing of the antigen (HBsAg), and 
lastly the individual will have serologically detectable antibody (anti-HBc).

Table 11.2 agents that can be Transfusion-transmitted and 
related initial Testing practices

Class Name Method Requirement

Viruses HiV ab, ag*, NaT CFr (ab), CS (NaT)

HbV ag,1 ab,2 NaT** CFr (ag)

HCV ab, NaT CFr (ab), CS (NaT)

WNV NaT CS

HTlV i/ii ab CFr

CMV ab, NaT Spp (ab), rO (NaT)

ebV ab Spp (ab)

Bacteria T. pallidum ab CFr

Parasites T. cruzii ab CS

*HiV Ag is not typically used when HiV NAt is employed; **HBV NAt is not 
routinely used in the United States. 1HBV surface antigen; 2HBV core antibody. Ab, 
antibody; Ag, antigen; CFr, Code of Feceral regulations; CS, community standard; 
HBV, hepatitis B virus; HCV, hepatitis C virus; HiV, human immunodeficiency virus; 
HtLV i/ii, human t-lymphotrophic virus i and ii; NAt, nucleic acid amplification 
test; Spp, specialized patient populations; rO, research only; WNV, West Nile virus.
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C H A p T E R  12
Human immunodeficiency virus (HIV) transmission by intravenous administra-
tion of infected blood products is highly efficient. Accordingly, shortly after the dis-
covery of HIV-1 in 1983 donor deferral measures were initiated, and the first test was 
licensed for donor screening in 1985. The effectiveness of donor deferral and testing 
procedures has decreased the rate of infection from blood transfusion from a peak 
incidence of HIV of 1 : 100 transfused products in 1982 in the san Francisco area to 
current estimates of 1 : 2 million products.

Description: HIV is a lentivirus, which is a subgroup of the retrovirus family, and 
is the causative agent of Acquired Immune deficiency syndrome (AIds). Retroviruses 
are RNA viruses with the presence of viral particle-associated reverse transcriptase and 
a unique replication cycle. The virus particles attach to the cell membrane (in the case 
of HIV, Cd4 lymphocytes) and subsequently enter the host cell, then the reverse 
transcriptase enzyme copies viral RNA into cdNA (complementary double-stranded 
dNA), and the cdNA is then integrated into the host cell’s genome. subsequent 
transcription, processing and translation of viral genes are mediated by the host cell 
enzymes. particles then bud from the plasma membrane and infect other cells. In 
addition, the virus can spread by fusion of infected and uninfected cells, or by replica-
tion of the integrated viral dNA during mitosis or meiosis.

Infection: HIV infection can be transmitted through sexual contact, childbirth, breast- 
feeding, and parenteral exposure to blood. The CdC reported that, in 2006 in the Us, 
the highest incidence of new disease was in African Americans, men, aged 25–44, who 
have male-to-male sex. Of new infections, 50% were from male-to-male sex, 33% 
from high-risk heterosexual contact, and 13% from intravenous drug use.

Approximately 60% of acute HIV infections result in a non-specific flu-like illness 
with an incubation period of 2–4 weeks. The acute infection resolves in weeks to a 
few months, resulting in an asymptomatic period that may last for years. during this 
period the HIV viremia persists, and the number of Cd4 lymphocytes, which are 
the primary target of HIV, gradually declines. This loss of Cd4 lymphocytes results 
in opportunistic infections and the virus has direct viral effects on multiple organs; 
these together result in death on average after 8–10 years. The course of disease has 
dramatically changed with the advent of potent anti-retroviral therapy, which has 
greatly prolonged survival. These medications do not eradicate HIV, though, and have 
multiple side-effects. Moreover, resistant viral strains have developed, which adds to 
the difficulty in treating HIV-infected patients.

HIV types: HIV types 1 and 2 (HIV-1 and HIV-2) infections both cause AIds.  
The HIV-1 family is divided into main (M), outlier (O), and non-M non-O (N) 
groups. Group M has 11 distinct subtypes or clades (A–K). In the Us, clade B is 
61
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FIgurE 12.1 Virologic events during primary HIV infection. After initial infection and propagation of 
HIV in lymph nodes, a blood donor becomes infectious (defined as day 0), with HIV RNA being detectable 
in plasma on days 14–15. HIV dNA is detectable in leukocytes at days 17–20, and HIV antibodies are 
detectable between days 20 and 25. Anti-HIV persists indefinitely but may be lost in the pre-terminal 
stage of the disease, in parallel with a surge in viral burden, indicating collapse of the immune system. 
HIV, human immunodeficiency virus; RT-pCR, reverse transcriptase polymerase chain reaction; pBMC, 
peripheral blood mononuclear cells. From Brecher ME (ed.). (2005). AABB Technical Manual, 15th edition, 
Bethesda: AABB press.
almost exclusively prevalent. The greatest genetic diversity is in central Africa. Group 
O is most common in Cameroon and the surrounding West African countries, where 
it represents 1–2% of HIV infections. Group O infection is very rare in the Us, and 
usually occurs in immigrants. previous generations of HIV antibody assays did not 
reliably detect group O, but current assays have increased sensitivity to group O and 
other unusual variants. still, the FdA continues to recommend permanent deferral 
of blood donors who have been born, resided or traveled in West Africa since 1977, 
or have had sexual contact with someone meeting these criteria. HIV-2 is also rare in 
the Us (one infected donor identified out of 7.2 million donations), with no reported 
cases of HIV-2 transfusion transmission in the Us.

Methods and interventions to ensure the safety of the blood supply:

Donor Deferral: prior to the discovery and characterization of HIV, the risk of 
transfusion-transmitted HIV (TT-HIV) was estimated to be as high as 1:100 units in 
some cities. As the growing epidemic was thought at that time to be transmitted only 
by male-to-male sexual contact, individuals with any history of male-to-male sexual 
contact since 1977 were asked to self-defer (i.e. not donate blood). donor deferral 
measures initiated in 1983 significantly decreased TT-HIV risk before tests for HIV-1 
became available in 1985.

Early HIV testing – anti-HBc and anti-HIV: For the period of time prior to 
the discovery of HIV but during which the signs and symptoms of AIds were present 
in individuals in the Us, hepatitis B core antibody testing (anti-HBc) was utilized as 
a surrogate marker for screening donor blood for HIV. Once the pathogen causing 
AIds was identified as HIV, screening tests for antibodies to HIV-1 (anti-HIV-1) were 
quickly developed and became available in 1985.

In 1992, the FdA required that donor blood be tested for HIV-2 as well as  
HIV-1; combination tests for HIV-1/2 were available by that time and thus were 
quickly implemented.

Anti-HIV testing was, and is, accomplished by ELIsA, and repeat-reactive tests are 
confirmed by western blot testing for the presence of antibodies directed against the 
HIV proteins of the gag, pol and env genes. Any blood units with a positive test of any 
type are destroyed, and the donors are indefinitely deferred from future blood dona-
tion. Introduction of anti-HIV testing decreased the risk of TT-HIV from an esti-
mated 1 : 1000 products to 1 : 63,000 products transfused; later, with improvements in 
antibody test sensitivity, the estimated risk further decreased to 1 : 110,000.

Testing for HIV antibodies alone was not sufficient for the blood donor popula-
tion, as “window period” infections accounted for a significant number of cases of 
 transfusion-transmitted HIV. Immediately following infection (time 0) is the so-called 
“window period” (Figure 12.1). Initially described for HIV antibody, the window 
period is the time during which a blood product is infectious but antibody cannot be 
detected. The initial anti-HIV tests had a window period of approximately 3 months. 
With the institution of improved HIV antibody tests (and subsequent HIV antigen 
and, later, HIV NAT testing), the window period “closed” significantly.

HIV p24 antigen: HIV antigen (p24 antigen) testing was approved for use for test-
ing blood donors in 1996. As per Figure 12.1, finding the presence of an identifiable  



HIV�screening�of�Donor�products� 63
HIV antigen was a significant advance, as p24 antigen could be identified in the 
blood of infected donors earlier than anti-HIV. By decreasing the window period to 
3–4 weeks, it was estimated that p24 antigen screening prevented 25% of cases of 
TT-HIV, which translated to the elimination of approximately five to ten cases of TT-
HIV per year and an approximate risk of 1 : 200,000 to 1 : 450,000 transfused products. 
Although significantly improved, even greater safety from TT-HIV was demanded by 
the public as well as the FdA. Thus, a new method was applied to the testing of blood 
donors for HIV; a test that identified the presence of the viral nucleic acid.

Nucleic acid testing: With the advent of the polymerase chain reaction (pCR), 
which amplifies dNA, and reverse transcriptase-pCR, which reverse-transcribes RNA 
to dNA and then amplifies the dNA, it was recognized that nucleic acid amplification 
technology had the potential to identify HIV-positive blood donors very early follow-
ing initial HIV infection (Figure 12.1). Thus, nucleic acid testing (NAT) for HIV (as 
well as for hepatitis C virus) was developed and tested in pooled donor samples under 
an FdA investigational new drug (INd) application.

By the year 2000, virtually all blood centers in the Us were testing donated blood 
for HIV RNA by NAT. After the introduction of NAT, p24 antigen testing no longer 
provided added benefit in reducing the risk of TT-HIV in the Us (or the EU), and the 
FdA allowed discontinuation of antigen testing, in the Us, as long as HIV NAT was 
being used. Introduction of HIV NAT allowed the risk of TT-HIV to decrease from 
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FIgurE 12.1 Virologic events during primary HIV infection. After initial infection and propagation of 
HIV in lymph nodes, a blood donor becomes infectious (defined as day 0), with HIV RNA being detectable 
in plasma on days 14–15. HIV dNA is detectable in leukocytes at days 17–20, and HIV antibodies are 
detectable between days 20 and 25. Anti-HIV persists indefinitely but may be lost in the pre-terminal 
stage of the disease, in parallel with a surge in viral burden, indicating collapse of the immune system. 
HIV, human immunodeficiency virus; RT-pCR, reverse transcriptase polymerase chain reaction; pBMC, 
peripheral blood mononuclear cells. From Brecher ME (ed.). (2005). AABB Technical Manual, 15th edition, 
Bethesda: AABB press.
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1 : 650,000 products to 1 : 1,000,000 products transfused. Based on further refine-
ments of the NAT tests, current-day estimates of TT-HIV in the Us now range from 
1 : 2,000,000 to 1 : 5,000,000 blood products transfused.

automation: Currently, much of donor testing is automated, including HIV test-
ing. One example is a multiplex NAT that is available for HIV/HCV combination 
(“combo”) testing. Moreover, some large blood centers have centralized and consoli-
dated their testing to regional centers across the Us, while some continue to perform 
their testing in-house.

Determination of need and requirement for testing: HIV meets all the 
criteria, as outlined in Chapter 11, for determining the importance of screening for 
a transfusion-transmitted infectious agent within the blood-donor population. 
specifically, for HIV, these tenets are as follows:
l There may be asymptomatic, unidentified HIV-infected potential blood donors.
l HIV viability is maintained in all blood product storage conditions (RT 4°C 18°C).
l The potential recipient population is largely seronegative (in Us likely  95% 

seronegative).
l HIV transmitted by transfusion efficiently causes HIV infection and AIds.

Thus, HIV testing is of vital importance to all potential recipients of volunteer 
blood and/or components.

In the Us, some HIV tests are mandated in the FdA Code of Federal Regulations 
(CFR). Others have been adopted as a “community standard” without being man-
dated. AABB Standards indicate that donated blood must be tested for anti-HIV-1/2 
and HIV RNA by NAT; cited below are rules for how to notify and counsel donors 
who are positive for HIV at the time of blood donation.

Standard 5.8.4: Tests Intended to Prevent Disease Transmission by Allogeneic 
Donations. A sample of blood from each allogeneic donation shall be tested 
for anti-HIV-1/2 and HIV RNA...Whole blood and components shall not 
be distributed or issued for transfusion unless the results of these tests are 
negative.

Standard 5.2.3: Donor Notification of Abnormal Findings and Test Results. 
The medical director shall establish the means to notify all donors (including 
autologous donors) with any medically significant abnormality detected dur-
ing the predonation evaluation or as a result of laboratory testing or recipient 
follow up...Appropriate education, counseling and referral should be offered. 
21 CFR 630.6.

Approach to testing: Blood, blood components and pre-release tests used in com-
ponent manufacturing are classified as “biologics” by the Us FdA. As such, infectious 
disease tests used in the blood industry undergo extensive clinical trials, followed in 
many cases by FdA licensure. FdA-licensed tests can be found at www.FdA.gov/cber/
products/testkits.htm.

Current uS methods and approach:
l Every blood donation is tested for HIV antibody (anti-HIV) and HIV RNA nucleic 

acid (HIV NAT). Testing is performed on a sample drawn from the donor at the 

www.FDA.gov/cber/products/testkits.htm
www.FDA.gov/cber/products/testkits.htm
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time of blood donation, and each donated unit is placed in quarantine until test 
results have been completed, reviewed and found to be negative.

l HIV-1/HIV-2 antibody tests utilize a capture approach with reagents manufactured 
from specific viral peptides. The sensitivity of HIV antibody tests has increased 
over time, with studies demonstrating greater than 99% sensitivity with ELIsA test-
ing confirmed by western blot or immunofluorescense assay (IFA). Consequently, 
the current HIV seronegative window period has been reduced to 20 days in the 
Us. According to data from the CdC, the ELIsA has a false-positive rate of 1 to 5 
per 100,000 assays. samples with initially positive results are retested in duplicate. 
Units with any repeat positive test results are destroyed and the donor indefinitely 
deferred from future donation. The confirmatory and/or supplemental tests for 
HIV are the western blot and an indirect immunofluorescence procedure. These 
allow determination of infectious state for donor counseling.

l HIV NAT testing can be done by two methods: (1) branched dNA (bdNA) sig-
nal amplification, or (2) transcription mediated amplification (TMA). The bdNA 
assay utilizes signal amplification from annealed dNA probes rather than direct 
 amplification of the target sequence. In the TMA assay, viral RNA is captured on 
magnetic particles, copied by reverse transcriptase to produce transcription com-
plexes, and amplified over one-billion-fold. studies indicate that the TMA meth-
odology is associated with higher sensitivity and specificity, while the bdNA 
technology is able to recognize a broad spectrum of HIV sequences and variants.

l HIV NAT testing is performed on pools of 16–24 donor samples (so called “mini-
pool NAT”). NAT used on single donor samples (i.e. not pooled) is called individ-
ual donor NAT (Id NAT). For initial NAT screening, mini-pool NAT is used rather 
than Id NAT, as it significantly reduces expense without significantly decreasing 
safety risk, and results in less false positives to investigate. Any pool that is positive 
is “resolved” by Id NAT on all samples from the pool until it is clear which donor 
sample caused the positive result.

l HIV non-reactive tests are considered to be negative, and the related blood unit and 
its components may be released from quarantine and issued as appropriate.

international considerations: The Us testing methodologies and approach 
serve well as a template for that used in the rest of the developed world. Individual 
national experiences have allowed determination of a similar residual TT-HIV risk. 
Hourfar and colleagues published a recent review of the German Red Cross’ experi-
ence with HIV-1, HCV and HBV NAT from 1997–2005; the 31,524,571 donations 
they studied represented approximately 80% of the blood collected in Germany dur-
ing that time period. Of those 30 million donations, only 7 were positive for HIV-1. 
Thus, the residual risk in Germany of contracting HIV from a blood product was esti-
mated at 1 : 4.3 million blood products.

In developing nations TT-HIV remains a significant issue, as population preva-
lence is substantially higher, quality control and monitoring of tracking and testing 
systems are less well developed and constructed, and fiscal resources for HIV testing 
are more limited. As the HIV epidemic in these areas, such as sub-saharan Africa, is 
largely transmitted by male-to-female sexual contact, many currently accepted donor 
deferral criteria are unable to identify high-risk donors. In some locales, rapid test 
strips allow for pre-testing of donors.
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C H A p T E R  13
post-transfusion hepatitis was a common consequence as a result of blood trans-
fusion from 1940 to 1970. The initial step to decrease post-transfusion hepatitis was 
to eliminate high-risk donors (prisoners and paid donors); in addition, liver func-
tion screening tests were widely adopted (e.g. alanine aminotransferase [ALT]). prior 
to the adoption of testing for hepatitis B surface antigen (HBsAg), the incidence of 
transfusion-transmitted hepatitis B virus (HBV; TT-HBV) infection was 6% in multi-
transfused individuals. The continued decrease in incidence of TT-HBV infection has 
resulted from the increased sensitivity of HBsAg testing. some countries outside the 
Us have also adopted HBV nucleic acid testing (NAT).

In the Us, the current risk of contracting HBV from a transfusion is 1 in 205,000 to 
488,000 (first-time versus repeat blood donor). Of note, clinical cases of TT-HBV are 
infrequently reported: of the 7381 cases of acute hepatitis B reported to the Centers 
for disease Control and prevention in 2003, only 10 were confirmed to be transfu-
sion associated; of these 10, only 1 case could be associated with an infected donor. 
Therefore, the calculated residual risk may be overestimated. This may be secondary to 
overestimates of HBV incidence, overestimates of the HBsAg-negative window period, 
underreporting (possibly due to asymptomatic infections) or incomplete investiga-
tions of cases, or widespread use of the HBV vaccine.

Determination of need and requirement for testing: FdA requires testing 
allogeneic donors for evidence of infection with HBV (21 CFR 610.40), and AABB 
Standards specifically requires the use of HBsAg and anti-HBc to test donors for HBV 
infection (standard 5.8.4). In addition, the donor must be notified and counseled if he 
or she has a positive test for HBV.

Approach to Donor testing: In addition to the donor health questionnaire, 
which is reviewed in Chapter 5, to eliminate high-risk donors, each donor is tested for 
HBsAg and anti-HBc.

HBsAg: HBsAg, a HBV viral coat antigen produced in infected-cell cytoplasm in 
large quantities and that continues to be produced in patients with chronic, active 
HBV infection (Figure 13.1), is the primary screening test for HBV infection in the 
blood donor. HBsAg can be identified in an infected donor’s serum or plasma by 
enzyme immunoassays (EIA) using animal antibodies (anti-HBs) as the solid-phase 
capture reagent and conjugated anti-HBs as the probe. Chemiluminescent labels are 
effectively replacing enzyme conjugates and chromogenic detection methods in auto-
mated testing strategies.

Although the epidemiologic sensitivities and specificities of current testing meth-
ods for HBsAg are high, the prevalence of detectable HBsAg in blood donors is low; 
therefore, the positive predictive value (ppV) of these tests is low as well. Thus, if a 
67
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donor tests repeatedly reactive for HBsAg, the positive test result must be confirmed 
by a neutralization test. Confirmation follows this general scheme:
l A donor is confirmed HBsAg positive when anti-HBsAg is added to the donor 

serum, and the HBsAg signal decreases by 50% or more from the control sig-
nal (where the antibody is not added), such that the Ag is neutralized. Confirmed 
donors are permanently deferred.

l If the donor serum is not neutralized but the donor is repeat reactive for anti-HBc, 
then the donor must be permanently deferred.

l If the donor’s HBsAg reactivity is unconfirmed and the anti-HBc is non-reactive, 
then the donor may be retested after 8 weeks and reinstated if HBsAg is subse-
quently non-reactive.

Anti-HBc: donors are tested for the presence of antibody to the core antigen of HBV 
(anti-HBc). This test was implemented in the mid-1980s as a surrogate marker to reduce 
the transmission of other hepatidities, especially non-A, non-B hepatitis (hepatitis C 
virus). Anti-HBc is present in either the chronic HBV carrier state or at the end of an 
acute resolving HBV infection. In the Us, 1 in 37,000 to 54,000 donors is anti-HBc posi-
tive, HBV dNA positive and HBsAg negative.

The two available test methods for anti-HBc are: (1) a solid-phase inhibition 
immunoassay, with recombinant HBc as the capture reagent and a labeled, partially 
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Figure 13.1 serologic and clinical patterns during the stages of acute HBV infection. From Hollinger 
FB (2008). Hepatitis B virus infection and transfusion medicine: science and the occult. Transfusion 48, 
1001–1016.
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purified anti-HBc antibody as the probe (the presence of antibody in the donor serum 
inhibits the signal); and (2) a direct antiglobulin assay for anti-HBc, which has better 
specificity than the inhibition immunoassay method. No confirmatory test method for 
anti-HBc exists, but utilizing two different test methods increases the probability that 
any individual repeat reactive anti-HBc test result is either positive or negative. For 
this reason, most blood centers in the Us allow a donor to continue to donate blood 
after one “confirmed” repeat reactive anti-HBc test, but donors are deferred following 
a second repeat reactive anti-HBc test or repeat reactivity using different test methods.

HBV NAT: TT-HBV occurs when blood donors who are negative for HBsAg are 
infected with HBV (i.e. during the window period). In an effort to decrease the window 
period and therefore reduce the risk of TT-HBV, the use of nucleic acid testing (NAT) 
has been investigated in the Us, and implemented in some countries outside of the Us. 
Figure 13.2 demonstrates the window periods using NAT versus HBsAg testing (minipool  
(Mp)-NAT reduces the window period by 2–7 days compared to sensitive HBsAg screen-
ing tests). Therefore, Mp-NAT has little effect on reducing the risk of TT-HBV compared 
with the most sensitive HBsAg screening methods in the Us. HBV NAT testing is per-
formed on large pools of samples for plasma sent for further manufacturing.
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Figure 13.2 detection differences and expected yields of hepatitis B surface antigen (HBsAg) and 
hepatitis B virus (HBV) nucleic acid amplification tests (NAT) assuming a NAT test sensitivity of 1000 
copies/ml for a given sample in a pool of 20. CLIA, chemiluminescent assay; EIA, enzyme immunoassay; Id, 
individual donor; Mp, minipool; NAT, nucleic acid amplification technology for HBV. From Comanor L, 
Holland p (2006). Hepatitis B virus blood screening: unfinished agendas. Vox Sang 9, 1–12.

International considerations: Countries vary in their prevalences of HBV infec-
tion, such that the risk of TT-HBV increases in countries with a higher prevalence 
of HBV. Therefore, high-prevalence countries (such as south Africa and Indonesia) 
have the most to gain from implementing HBV NAT. In these countries, the yield of 
HBsAg-negative, HBV NAT-positive units ranges from 0.06% in singapore to 0.5% in 
Indonesia and Ghana, in contrast to the yield in the Us (which also uses anti-HBc) of 
0.0003%. Yet some of these countries lack the resources for large-scale implementa-
tion of HBV NAT for blood donors.
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Japan, a country with moderate prevalence of HBV infection, modifies anti-HBc 
screening to accept donors with high amounts of anti-HBs, if also HBV NAT nega-
tive, because presence of anti-HBs in the absence of detectable HBV usually signifies a 
resolved infection and absence of circulating virus.

some HBV low-prevalence countries have implemented HBV NAT testing. Italy 
currently performs HBV Mp-NAT, ALT and HBsAg testing on all units and recently 
reported that 57.8 in 1,000,000 donors are HBV Mp NAT positive/HBsAg negative/
ALT normal; 2.3 in 1,000,000 donors were in the window period; 55.5 in 1,000,000 had 
occult infection (all donors with occult infection were anti-HBc positive). Germany 
recently published their residual risk for TT-HBV, using Mp-NAT testing, as 1 in 
360,000 transfusions.
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The incidence of transfusion-transmitted hepatitis C virus (TT-HCV) was 10% 
of transfusions in 1974–1979. With the elimination of HIV high-risk donors and the 
addition of ALT and anti-HBc (the antibody against the core antigen of hepatitis B) 
testing in 1987, the risk of TT-HCV decreased by 70%. In 1990 anti-HCV testing was 
implemented, and in 1999 nucleic acid testing (NAT) for HCV became available. The 
current risk of TT-HCV is estimated to be 1 : 1,800,000 units transfused. Therefore, 
the mitigation of TT-HCV has been secondary to improved sensitivity of testing for 
the presence of HCV in donors and eliminating high-risk donors through the donor 
history questionnaire.

Determination of need and requirement for testing: FdA requires testing 
of allogeneic donors for evidence of infection with HCV (21 CFR 610.40), and the 
AABB Standards specifically require the use of anti-HCV and HCV RNA to test donors 
for HCV infection (standard 5.8.4). The HCV-positive units must be destroyed.  
In addition, all donors with positive infectious disease markers must be notified and 
educated, and the donors placed in a donor deferral registry. Lastly, the blood center 
must ensure that previous units donated by HCV-positive donors have not transmit-
ted HCV. “Lookback” investigations require locating, notifying, and testing recipients 
of products donated previously by an HCV-positive donor, at a time when that donor 
did not test positive for HCV because of either having not yet acquired the infection 
or having markers of infection that were below the limits of test detection (i.e. the  
previous donation(s) fell within the window period).

Approach to testing:

Anti-HCV: The primary screening test for HCV is a third-generation antiglobulin 
enzyme immunoassay (EIA) that detects antibodies to HCV. The currently available 
EIA, made up of recombinant HCV polypeptides representing four viral sequences, 
has an estimated 98% sensitivity for detecting antibody to HCV approximately 10 
weeks after infection with HCV. If the initial EIA for anti-HCV is positive, the test is 
repeated. If the second EIA is “repeat reactive” for anti-HCV (which occurs in 0.2% of 
Us blood donors), a supplementary confirmatory test is performed.

Confirmatory/supplemental testing for a repeatedly reactive anti-HCV EIA is 
currently a recombinant immunoblot assay (RIBA) against HCV antigens, which 
is FdA-approved for supplemental testing. Of donors who are reactive for HCV by 
RIBA, 70–90% are also positive with HCV NAT testing. A donor with a reactive RIBA 
is permanently deferred from donating and is considered to be infected with HCV. 
Of EIA repeatedly reactive donors, 37% have a non-reactive or indeterminate RIBA 
3.0 (third-generation) test result and are rarely infectious for HCV. Whether or not 
RIBA 3.0 is reactive, if a blood donor is repeatedly reactive for anti-HCV by EIA, the 
71
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donation cannot be used for transfusion. However, a donor who has a non-reactive 
RIBA and reactive EIA (without HCV NAT positivity) can be considered for re-entry 
by application to the FdA.

An alternate confirmatory/supplemental testing algorithm is to first perform HCV 
NAT testing and then to perform RIBA testing only on non-reactive NAT samples. 
data compiled from 1999 to 2003 on over 33 million donations screened are pre-
sented in Figure 14.1. This algorithm requires FdA variance because NAT testing has 
not been approved as a confirmatory/supplemental test.

Review HCV NAT results on HCV EIA RR donations
N � 47,041

Pool or Individual Unit
HCV NAT non-reactive

60.4%
28,426

Pos
16.9%
4,820

HCV infection,
probably resolved

Neg
55.4%
15,750

No HCV
infection

Ind
27.7%
7,856

No HCV
infection

Perform RIBA

39.6%
18,615

No further testing

Persistent HCV infection

Individual Unit
HCV NAT reactive

Figure 14.1 HCV supplemental testing algorithm for HCV EIA-repeat-reactive (RR) donations 
incorporating NAT and RIBA results. RIBA results are positive (pos), indeterminate (Ind) or negative 
(Neg). From Kleinman sH, stramer sL, Brodsky Np et al. (2006). Integration of nucleic acid amplification 
test results into hepatitis C virus supplemental serologic testing algorithms: implications for donor 
counseling and revision of existing algorithms. Transfusion 46, 695–702.

HCV NAT: Currently there are two commercially available, FdA-approved HCV 
NAT procedures: a pCR test performed on RNA tested by chemical methods on mini-
pools (Mp) of 16–24 donor blood samples; and a transcription-mediated amplifica-
tion (TMA) test on nucleic acid preparations in a solid phase (probe-capture) method, 
also performed on Mp of donor samples. Both test methods are sensitive and specific 
and perform equally well in identifying HCV RNA, particularly when compared with 
the third-generation EIAs that are currently commercially available (above). If a blood 
donor is HCV NAT positive, the likelihood that he or she has acute or chronic HCV 
infection approaches 100%. As reported by stramer and colleagues (2004), since the 
inception of HCV NAT in 1999, the use of HCV Mp-NAT is estimated to have pre-
vented the transmission of 56 TT-HCV infections annually and has reduced the resid-
ual risk of TT-HCV to approximately 1 in 2 million blood transfusions.

International standards: The use of HCV Mp-NAT in Germany has resulted in a 
residual risk of 1 in 10.9 million transfusions. In Italy, HCV Mp-NAT has reduced the 
risk to 2.5 HCV infected units per 1 million products.
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West Nile virus screening of donor products
Krista L. Hillyer, Md

C H A p T e R  15
West Nile virus (WNv), a single-stranded RNA flavivirus primarily spread by  
mosquito bites, has a transmission cycle that involves birds and mosquitoes, and thus 
peaks in July through October. Humans are incidental hosts following mosquito bites. 
WNv was first reported in the Us in 1999 in New York, and subsequently spread 
westward throughout the continental Us, where it caused significant epidemics. While 
approximately 80% of human WNv infections are asymptomatic, symptomatic infec-
tions are not uncommon and result in fever, muscle pain and headache, and nausea 
and vomiting. About 1 in 150 WNv-infected individuals will have severe disease ele-
ments, such as meningitis and/or encephalitis (convulsion, coma, and paralysis) and, 
less frequently, death.

Transfusion-transmission of WNv was confirmed in 23 patients following red 
blood cell (RBC), platelet, and plasma transfusions in 2002. Of 23 recipients, 15 had 
WNv-associated illness (13 with meningoencephalitis and 2 with fever) and 7 patients 
died of WNv infection (6 had an unclear cause of death). Of the 16 donors of these 
23 units, 9 had viral symptoms before or after donation and 5 were asymptomatic (2 
were lost to follow-up).

In October 2002, the FdA issued guidance on WNv for deferral of donors with 
suspected or acute WNv infection, and for retrieval and quarantine of any blood 
or blood components from donors with post-donation illness that could be from 
WNv infection (deferral of donors based on donor questionnaire was retracted 
in 2005). By the summer of 2003 it was recognized that a screening test for WNv 
was needed, and a minipool (Mp) nucleic acid test (NAT) was implemented. From 
2003 to 2005,  1000 viremic donors were documented and 7 cases of probable or  
confirmed transfusion-transmission occurred. It then became increasingly recog-
nized that many donors had low viral copy numbers of circulating WNv, which 
results in false-negative testing by Mp-NAT yet can be identified by individual (Id) 
NAT testing. Thus, the testing algorithm was changed such that Id-NAT was used 
selectively – that is, Mp-NAT was employed until viremic donations were identified, 
then Id-NAT was used to increase sensitivity. In 2006, at least one case of trans-
fusion-transmitted WNv was reported, resulting in further changes in the testing 
algorithm – most notably, changing the trigger used to instigate the change from 
Mp- to Id-NAT. The trigger criteria continue to be modified as needed (AABB 
Association Bulletin 08-03). These steps have mitigated the risk of transfusion-
transmission of WNv.

Determination of need and requirement for testing: The AABB Standards 
requires screening of allogeneic blood donors for WNv RNA (seasonal criteria apply); 
further guidance for testing is supplied through AABB Association Bulletins (most 
recently #08-03) and FdA Guidance documents.
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Approach to testing: Blood transfusion-associated transmission of WNv infec-
tion during the 2002 Us epidemic prompted rapid development of two investigational 
NAT assays to screen donated blood for WNv viremia, implemented under an INd in 
2003. These tests are now approved by the FdA. As above, in general year-round Mp-
NAT testing is performed, and when an appropriate epidemiologic trigger is reached 
then Id-NAT is substituted.

such a strategy was supported by the following studies: stramer and colleagues 
(2005) in which NAT interdicted approximately 1000 infectious blood donations from 
the American Red Cross inventories during 2003 and 2004, when the frequency of 
WNv NAT-positive donations was found to be 1.5/10,000 and 0.4/10,000, respec-
tively; Busch and colleagues, who implemented Id-NAT during times of high prev-
alence and Custer and colleagues, who suggested that using a moving trigger based 
on seasonal and geographic criteria would be more cost-effective. This strategy has 
come to be known as “selective” Id-NAT. WNv testing has been estimated to cost 
1.5 million Us dollars per quality-adjusted life year gained. Both the AABB WNv 
Biovigilance Network and the CdC track regional WNv activity, which allows effi-
cient data communication between donor centers. This communication provides the 
information needed for the implementation of Id-NAT.

The selective criteria were newly modified for the 2008 season secondary to contin-
ued false negatives in Mp-NAT. The current recommended trigger for implementing 
Id-NAT is when two presumed viremic donors (pvd; defined as an initial reactive 
donor that repeats on the original sample) occur within a 7-day period; Mp-NAT is 
resumed after 7 days without pvd donations (or longer if collecting samples from 
overlapping areas) or ongoing regional activity, or at the medical director’s discretion. 
Conversion from Mp- to Id-NAT should occur within 48 hours of collection time. 
The donor’s zip code should be used for tracking.

Confirmatory test: WNv infectivity of the donor is confirmed by either repeat 
NAT reactivity on a follow-up sample, or IgM and IgG antibody reactivity with neu-
tralization testing on either the original (index) sample or a follow-up sample.

Donor Deferral: WNv NAT-reactive donations cannot be used for transfusion, 
and all in-date components from a positive donor should be quarantined. The donor 
is then deferred for at least 120 days.

International considerations: In countries without the needed mosquito vec-
tor, or in which there is a less optimal climate or season, WNv strategies can vary. In 
Canada, testing is employed from June 1 to November 30. during periods of non-test-
ing, Canadian donors are tested only if they have traveled to the Us.
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Syphilis, HTLV and Chagas Testing of donor 
products
Chelsea A. Sheppard, Md and Krista L. Hillyer, Md

C H A p T E R  16
Testing of blood donors for syphilis, Human T-cell lymphotropic virus (HTLV) 
infection and Chagas’ disease is either mandated or has become a de facto commu-
nity standard in the US, though the cost–benefit of this practice remains under review. 
Syphilis was the first infection for which the blood supply was tested in the US, and in 
the past was not uncommonly transmitted by transfusion. HTLV is a retrovirus which 
can be transfusion transmitted, and donor testing has been mandated. Chagas’ disease 
is an emerging infection within the US blood supply, secondary to increased immigra-
tion from endemic countries (primarily Latin America). Infection with T. cruzi, the 
agent responsible for Chagas’ disease, is lifelong, and may result in severe chronic dis-
ease with cardiac and gastrointestional complications.

Syphilis: Syphilis was the most commonly recognized disease transmitted by trans-
fusion pre-World War II. For over 50 years, the blood supply has been screened for 
evidence of infection by Treponema pallidum, the organism responsible for causing 
syphilis. The last reported case of transfusion-associated syphilis was in 1966. The dis-
appearance of transfusion-associated syphilis is thought to be a result of multiple fac-
tors, including the decline in and control of syphilis infection in the US, no longer 
performing direct donor-to-patient transfusions, the rarity in blood donors of spiro-
chetemia, cold storage of some blood components (T. pallidum, which is anaerobic, is 
not infectious after 72 hours of refrigeration), better donor screening, and appropri-
ate antibiotic use for syphilis infections.

Background: The first sign of syphilis is most often a chancre, which appears on 
average 21 days after primary infection. The organism then disseminates to the 
blood, and 6–8 weeks after the primary infection the infected individual will develop 
a rash and spirochetemia. At this stage, nearly all infected persons will seroconvert. 
If untreated, 20% of these individuals may go on to develop a recurrent fulminant 
infection within 2 years of the primary infection. Eventually, patients become immune 
to reinfection and treponemal antibody titers wane. Tertiary syphilis, or neurosyph-
ilis, develops after a long latency period (usually years). Both treponemal and non-
treponemal antibodies are present during this stage.

Determination of need and requirement for testing: FdA and AABB 
Standards require serologic testing for syphilis (21 CFR 640.5 and Standard 5.8.4).

Approach to testing:

Screening tests: Syphilis screening is through antibody detection via either non-
treponemal or treponemal tests. Most blood centers use treponemal tests, because  
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they are automated and have better performance characteristics. previously, non-
treponemal tests, such as the rapid plasma reagin (RpR) test, were used, but they are 
non-specific. Non-treponemal tests identify active or recent infections and become 
negative after disease treatment, while treponemal tests identify current and distant 
infections, even after successful treatment. The frequency of reactive screening tests in 
the US is about 0.18%.

Non-treponemal antibody tests (RPR or VDRL): Non-treponemal tests detect 
antibodies which react against cardiolipin phospholipids in response to infected host 
tissue. Non-treponemal tests have a false positive rate (positive non-treponemal result 
with a negative FTA-ABS, see below) of 1–2% because they may be positive in mul-
tiple conditions, including pregnancy, other infections (e.g. HIV, mononucleosis,  
tuberculosis, rickettsial infection, other spirochetal infections and bacterial endocar-
ditis), and disorders of immunoglobulin production (rheumatoid arthritis, ulcerative 
colitis and cirrhosis). The RpR test uses cardiolipin-coated carbon particles, which 
agglutinate upon addition of antibody-containing serum.

treponemal antibody tests (fluorescent treponemal antibody absorption 
test (fta-aBS), Particle aggregation (tP-Pa), Recombinant antigen tests): 
Treponemal tests detect antibodies specific to T. pallidum. One method on an auto-
mated platform uses microhemagglutination for the detection of T. pallidum IgG and 
IgM antibodies. False positivity occurs in individuals with autoimmune disease, Lyme 
disease, Legionella, infectious mononucleosus and other conditions. Enzyme-linked 
immunosorbent assays (EIA) are also available.

Confirmatory/Supplemental tests: FTA-ABS, treponemal EIAs and non-treponemal 
tests are used to confirm or supplement repeatedly reactive samples. Approximately 46% 
of screening tests are confirmed by FTA-ABS.

In 2002, Orton and colleagues performed NAT testing for T. pallidum on 169 posi-
tive and control samples and found no evidence of T. pallidum dNA and/or RNA; 
they concluded that serologically positive donors are unlikely to have circulating  
T. pallidum. This study has been used as the basis for the argument that syphilis test-
ing should be discounted in the US. However, its use continues, at least in part, as a 
surrogate marker for HIV and other cross-reactive infectious agents as above.

Donor Deferral: donor units that test positive for screening serologic tests for 
syphilis should not be used for allogeneic transfusion. donors are deferred for 1 year 
after diagnosis and treatment, a reactive screening test, or a confirmed positive test for 
syphilis.

International considerations: In some developing nations, both the prevalence 
of syphilis and the incidence of transfusion-transmitted syphilis are significant. Also, 
in certain countries it is not uncommon for blood to be transfused before it is refrig-
erated for a period sufficient to render T. pallidum non-infectious. Thus, testing strat-
egies, despite their limitations, are commonly employed and considered to be of value.

Human T-cell lymphotropic virus: HTLV, a retrovirus, has a high transfu-
sion-transmission efficiency (50% reported in Japan and 10–20% in the US). In 1988, 
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universal screening for HTLV antibodies was implemented because of an estimated 
risk of HTLV transmission of 12 per 100,000 units and the known severity of HTLV-
induced diseases (adult T-cell leukemia/lymphoma [ATLL] and tropical spastic para-
paresis [TSp, also known as HTLV-1 associated myelopathy]). Currently the residual 
risk for HTLV infection is approximately 1 per 3 million transfused units, though the 
need for continued testing is debated.

Background: Most HTLV infections are asymptomatic, but there is a 2-4% risk of 
developing disease up to 40 years after infection with HTLV-1 (and a lesser risk with 
HTLV-2). This infection is endemic in the Caribbean, where the risk of ATLL in indi-
viduals infected at birth is 4% in their lifetimes. The risk of developing ATLL is lower 
in those infected during adulthood (i.e. those who acquire HTLV from transfusion). 
ATLL has a high mortality rate within 1 year of disease onset.

Additionally, HTLV-1 and HTLV-2 are associated with TSp (also known as HTLV-
1 associated myelopathy [HAM]), which is a slowly progressive myelopathy charac-
terized by spastic paraparesis of the lower extremities, hyperreflexia, and bowel and 
bladder symptomatology). The risk of TSp is about 2% in HTLV-1 positive individu-
als, with a similar or lower risk in HTLV-2 positive individuals. Other diseases asso-
ciated with HTLV-1 or HTLV-2 infection include lymphocytic pneumonitis, uveitis, 
polymyositis, arthritis, bronchitis, and dermatitis.

HTLV-1 predominately infects Cd4 lymphocytes while HTLV-2 preferentially 
infects Cd8 lymphocytes (and, to a lesser extent, infects Cd4 lymphocytes, B 
lymphocytes and macrophages). The HTLV-1/2 seroprevalence in blood donors in the 
US is approximately 0.025%.

Determination of need and requirement for testing: The AABB Standards 
and the FdA require that transfusion transmission of HTLV be prevented by screen-
ing all allogeneic blood donations for HTLV antibodies.

Approach to testing:

Screening tests: The FdA has approved the use of EIAs which detect both HTLV-
1 and -2 antibodies. These tests typically use viral lysates as the capture reagent, and 
adherent donor antibodies are identified with an antiglobulin conjugate.

Confirmatory/Supplemental tests: There are no licensed confirmatory or supple-
mental tests for the HTLV-1/2 EIAs. One approach to supplemental testing to con-
firm a reactive anti-HTLV test is to repeat the test using an alternate manufacturer’s 
EIA. Western blot and radioimmunoprecipitation (RIpA) tests are available. In the 
American Red Cross, 9% of EIA repeatedly reactive samples are positive by Western 
blot, 19% are negative and 72% are indeterminate. In addition, NAT testing is being 
explored. One study demonstrated that 99.3% of repeatedly reactive anti-HTLV 
donors, who were confirmed by alternative serologic testing (p21 EIA, Western blot, 
or RIpA), were pCR positive; 1.4% of the confirmatory indeterminate donors were 
pCR positive; and none of the confirmed negative donors were pCR positive.

Donor Deferral and Counseling: donors who are repeatedly reactive for anti-
HTLV-1/2 on more than one occasion or who are repeatedly reactive with a second 
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licensed screening test are indefinitely deferred. Because of the lack of FdA-approved/
licensed supplemental and/or confirmatory tests, and the unclear nature of disease in 
HTLV antibody positive blood donors, counseling donors with positive HTLV results 
is difficult. In one study, Orland and colleagues prospectively followed 138 HTLV-1 
infected, 358 HTLV-2 infected, and 759 uninfected control US blood donors and, after 
adjusting for known and potential confounders, found that HTLV-2 infection was 
associated with increased mortality (hazard ratio 2.8), whereas no statistically signifi-
cant increase was seen in HTLV-1 infected individuals.

International considerations: In November 1988, the FdA recommended testing 
for HTLV-1 in US blood donors. At that time, HTLV screening was also introduced in 
Canada, France, the Netherlands and Sweden. Other countries adopted similar strate-
gies, including Australia by 1992. As in the US, authorities in Australia and other loca-
tions such as Norway are re-considering the need for such large-scale HTLV testing, 
and analyzing its cost versus benefit, when prevalence is below 8 per 100,000. In loca-
tions such as Japan and the Caribbean, where HTLV prevalence is significantly higher, 
HLTV testing of blood donors remains both used and recommended.

Chagas’ disease: Interest in preventing TT-Chagas’ disease (i.e. T. cruzi infection) is 
a relatively recent development within the US. With increased Hispanic immigration the 
seroprevalence in the US has steadily risen in the past three decades, where it has been 
estimated that 25,000 to 100,000 people and 1 in 25,000 blood donors may be infected; 
almost all are immigrants. The seroprevalence has been reported to be higher in Miami 
(1 : 9000) and Los Angeles (1 : 7500). Since 1989, seven cases of TT-Chagas’ disease have 
been reported in the US and Canada.

Description: Trypanosoma cruzi is endemic to the Americas, although infected per-
sons can be found worldwide. T. cruzi is transmitted by the bite of infected reduviid 
insects. In the acute phase of the disease, patients may demonstrate a chagoma with 
local lymphadenopathy, Romaña’s sign, or painless unilateral edema of the palpe-
brae and periocular tissues, malaise, fever, anorexia, and edema of the face and lower 
extremities, in addition to generalized lymphadenopathy and hepatosplenomegaly. 
The acute phase may resolve spontaneously without the patient having realized he or 
she has been infected. The chronic phase of the disease may present years to decades 
following the initial infection in up to 30% of patients. patients may develop arryth-
mias, cardiomyopathy leading to heart failure, or thromboembolism. Mega-esophagus 
and megacolon may be complicated by airway obstruction/aspiration pneumonitis, 
colonic obstruction, volvulus, septicemia and/or death.

Determination of need and requirement for testing: Currently, neither the 
AABB Standards nor the Code of Federal Regulations (CFR) require allogeneic testing 
of donor blood for Chagas’ disease in the US. A requirement for donor testing may be 
implemented in the future.

Approach to testing:

Screening test: A recently FdA-approved EIA (enzyme immunoassay) is now avail-
able to screen blood donors for antibodies to T. cruzi. In January 2007, the American 
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Red Cross and Blood Systems Inc. began screening all donations for T. cruzi infec-
tion. The AABB recommends that samples testing positive (repeatedly reactive by EIA) 
should be quarantined and removed from the blood supply. In addition, any in-date 
products from the same donor should be quarantined. The donor should be notified 
and indefinitely deferred. Recipient tracing should also be performed to identify all 
recipients exposed to potentially infected products (AABB Association Bulletin #06-08). 
The Chagas’ disease Biovigilance Network records screening and confirmatory results 
from the testing of donors for antibodies to T. cruzi.

At least one large US blood center has opted not to commence testing donors for 
infection with the agent of Chagas’ disease. This decision may become more widely 
adopted as the cost–benefit for Chagas testing becomes further elucidated. Some 
authors have suggested that these determinations need to be site-specific (see Wilson 
et al., 2008).

confirmatory tests: There is currently no FdA-approved confirmatory test for  
T. cruzi infection. Confirmatory testing can be performed using a second EIA test, 
a radioimmunoprecipitation assay (RIpA), or an immunofluorescence assay (IFA). 
From the AABB Chagas’ disease Biovigilance Network, there have been 2505 repeat-
edly reactive US donors, of which 654 are RIpA positive, 1791 are RIpA negative 
and 7 RIpA are indeterminate. False-positive EIA reactivity may occur secondary to 
Leishmania infection.

Donor Deferral: donors who have a history of Chagas’ disease or who are con-
firmed positive for T. cruzi infection are indefinitely deferred.
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Bacterial detection methods
Beth H. Shaz, md

C H A P T E R  17
during the 1990s, substantial data accumulated supporting the belief that the room 
temperature, plasma-rich, oxygenated environment of platelet storage was leading to 
an unacceptability large number of septic transfusion reactions in recipients due to 
bacterial contamination of the product. Indeed, the septic reactions were associated 
with significant morbidity and mortality. In order to mitigate the risk associated with 
bacterial contamination the AABB created Standard 5.1.5.1, which requires methods 
to limit and detect bacteria in platelet products. The introduction of this requirement 
by culture methods for bacterial detection of platelet apheresis products has decreased 
the rate of septic reactions from a 1 : 40,000 to 1 : 75,000 and for fatalities 
1 : 240,000 to 1 : 500,000. Therefore, the risk of a febrile, septic or fatal transfu-
sion reaction due to undetected bacteria in platelet products continues to be a con-
cern. This residual risk may be as frequent for mild reactions as 1 : 15,000 apheresis 
platelet products. Thus, it appears that the implementation of bacterial screening has 
decreased the overall risk by approximately 50%, thus methods to reduce this risk fur-
ther are needed. This chapter will address the methods used to limit and detect bacte-
rial contamination in platelet products (Table 17.1). Bacterial contamination reactions 
are described in Chapter 59.

Table 17.1 Methods to reduce bacterial contamination

bacterial contamination avoidance Donor eligibility
Phlebotomy techniques

bacterial contamination reduction Diversion pouch
leukoreduction

bacterial contamination inhibition cold storage**
Storage solutions*

bacterial contamination inactivation Pathogen inactivation*

bacterial contamination detection culture
Nucleic acid testing**
Metabolic changes

*Currently not available in the US. **Currently not available.

Methods to avoid bacterial contamination:

Donor screening: donor eligibility questions are used to exclude donors with fever 
or symptomatic infections, or those receiving antibiotics for infection. donor screen-
ing does not eliminate donors with asymptomatic infections, which are commonly a 
result of gram-negative organisms and can result in severe septic transfusion reactions.
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skin preparation: The skin is the source of contamination for the majority of bac-
terially contaminated units (80%). Skin decontamination with iodine decreases bac-
terial contamination. If the donor is allergic to iodine, chlorhexidine should be used.

Methods to reduce bacterial contamination:

Diversion pouch: Bacteria within hair follicles and scar tissue (which occurs in 
repeat donors) are not removed by skin preparation. A diversion pouch collects the 
skin plug and first few milliliters of blood, which adds to the reduction of bacterial 
contamination from the skin. Blood collected in the diversion pouch may be used 
to obtain samples for infectious-disease testing. Published studies show a decrease 
in Staphylococcus species bacterial contamination from 0.14% to 0.03% of units fol-
lowing implementation of this approach. Even though the skin is the major source of 
bacterially contaminated products, gram-negative bacteria as a result of asymptomatic 
donor bacteria result in the majority (83%) of fatalities from septic reactions. Thus, 
additional methods are needed to decrease bacterial contamination.

Leukoreduction: Some studies have demonstrated that leukoreduction filters 
decrease the rate of bacterial contamination, but this effect is inconsistent and thus 
leukoreduction should not be considered a reliable method.

Methods to inhibit or inactivate bacteria:

Cold storage: Cold storage of platelets would decrease the growth of bacteria and, 
therefore, the risk of septic transfusion reactions. Recent data using a murine model 
have suggested that platelets could be stored at refrigerated temperatures if a sugar 
solution was added, and subsequently successfully transfused, but this was not repro-
ducible with human platelets. Currently, no cold storage techniques for platelets are 
available, though this is a focus of continued investigation.

storage solutions: Platelet storage (additive) solutions decrease the amount of 
plasma in platelet products, and may therefore decrease the rate of bacterial contami-
nation. Currently, these are available only outside the US.

pathogen inactivation: Pathogen inactivation technologies are available outside 
the US which eliminate bacteria within the product. These methods use photochemi-
cal energy to disrupt bacterial dNA.

Methods to detect contaminated products:

Culture-based methods: There are currently two culture-based systems which are 
FdA approved for quality control testing in leukoreduced apheresis platelet products 
(the second method can also be used for leukoreduced whole blood derived platelet 
products). Both methods require an incubation period of at least 24 hours. These 
methods miss slow-growing bacteria, such as Propionibacterium acnes, which are usu-
ally of low pathogenicity. The false positive rate is 1 : 5000 if culture is performed in 
a laminar flow hood, and 1 : 500 if performed on a bench.

The first method uses a minimum of 4 ml (up to 10 ml) to inoculate an aerobic 
bottle at least 24 hours after collection. Additionally, an anaerobic bottle can be used, 
but anaerobes are rarely implicated in bacterial contamination, and a second bottle 
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increases sample collection volume and cost, and false-positivity rate. Typically, the 
product is not released for 24 hours after inoculation. The culture bottle is retained 
until the expiration date of the unit, until 24 hours prior to release of the unit, or 
until positive. A positive is determined by an increase in CO2. This method detects 
101–2 CFU/ml of bacteria. Products tested with this method are released if the culture 
is negative to date, but the culture remains incubated. Therefore, these cultures can 
become positive after release from the blood collection center. Subsequently, the blood 
center should notify the transfusion service of a potentially contaminated product 
so the transfusion service can either notify the patient care team, if the product was 
transfused, or discard the product.

The second method uses a pouch to collect a filtered (to remove the platelets) 
5 ml sample. The sample is incubated for 24 hours and then read for a decrease in 
oxygen concentration (either PASS or FAIL). This method detects 102–3 CFU/ml of 
bacteria. Products are released from the blood collection center after the PASS read-
out. A recently FdA-approved system allows for pre-storage leukoreduction, bacterial 
detection, and pooling of whole blood derived platelet units.

True-positive bacterial cultures then require identification of the organism, and, for 
gram-negative organisms, measurement of the endotoxin level in the product, if the 
product was transfused. The blood center may wish to notify a donor implicated in a 
contaminated unit with a non-skin flora organism, because of diseases associated with 
asymptomatic bacteremia. For example Streptococcus bovis and Streptococcus G have 
been reported in donors with occult malignancy, especially colon carcinoma.

methods performed just prior to product release:

Immunoassay: This is a recently approved FdA adjunct device for quality control bac-
terial detection for leukoreduced apheresis platelet products, which must be used with 
another FdA-approved quality control bacterial detection method (such as a culture 
method described above). This is a point-of-care device which uses 500 l of product, 
takes 30 minutes, and has a positive/negative color-change read-out. Its detection limit 
is 103–5 CFU/ml of bacteria, which is a lower sensitivity rate than with culture, but is 
performed at a later time period in storage, where the number of bacteria has expanded.

Staining: Gram stain, accrine orange and Wright stain can be used to detect the pres-
ence of bacteria in samples from platelet products. These methods have a high false-
positive rate and a detection limit of 106 CFU/ml of bacteria.

Metabolic detection Methods: There is a variety of methods, which are insensitive 
and non-specific, with a detection limit of 106–7 CFU/ml of bacteria, based on meta-
bolic changes which occur in the presence of bacterial contamination.

One method is to check the platelet product for the presence of swirling (this 
method per AABB does not qualify to be the sole method to detect bacterial con-
tamination). Platelets are normally discoid, which results in swirling; when there is 
increased acid, platelets become round and lose their capacity to swirl.

A second method is to use either a urine reagent strip or automated technology to 
determine the glucose, pH and/or oxygen content of the platelet product. different 
cut-off values are used depending on the product and method. While inexpensive, 
these methods are generally considered to be suboptimal due to their insensitivity.
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Future considerations: Other methods to detect bacteria are currently under 
development, including fluorescent cytometric techniques and nucleic acid (PCR) 
methods. In addition, strategies to optimize the sensitivity and specificity of culture 
techniques are being investigated. Lastly, pathogen inactivation methods are available 
outside the US.
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The role of the Transfusion service physician
Beth H. shaz, MD and Christopher D. Hillyer, MD

C H A p T E r  18
The hospital transfusion service (Ts) physician plays a central and leading role 
in a critical operation within the hospital by ensuring a reliable and adequate supply 
of safe and effective blood products, and ensuring optimal component choice and 
matching with recipients. As blood components are required 24 hours a day, 7 days a 
week for the practice of obstetrics, surgery, hematology/oncology and transplantation, 
for trauma/damage control resuscitation and other medical disciplines, hospital trans-
fusion services require constant medical input and oversight, making the physician’s 
roles and responsibilities both demanding and rewarding. In general, the Ts physician 
provides leadership, oversight and clinical care, and strives for continued improve-
ment in the practice of transfusion medicine.

Organization chart: According to the AABB Standards for Blood Banks and 
Transfusion Services (standard 1.0), the Ts must have a clearly defined structure and 
documentation of the individuals responsible for key functions, including executive 
management. The Ts must have a medical director who is responsible for all medi-
cal and technical policies, processes and procedures. The hospital Ts, most commonly 
referred to as the hospital blood bank, is typically within the administrative hegemony 
of the departments of pathology and laboratory medicine (or clinical pathology) or 
the department of medicine, and includes medical, technical and administrative per-
sonnel. The Ts and clinical laboratories function as part of the health system, and 
provide services that are vital to the overall hospital mission and function. An organi-
zation chart clarifies the lines of communication and the levels of authority within the 
organization (Figure 18.1).

Specific TS physician roles: The Ts physician medical director typically has 
multiple roles, responsibilities and functions, including overseeing specific laborato-
ries, laboratory and administrative policies and procedures, direct and indirect patient 
care, education and research (Figure 18.2).

Transfusion service: The Ts physician not only directs the traditional hospital 
blood bank, where pretransfusion testing and blood product dispensing occur, but may 
also direct a number of other laboratory and/or clinical services. Other laboratories 
under the Ts physician may include HLA, HpC processing, and coagulation laborato-
ries. Other covered services may include therapeutic apheresis and phlebotomy, infusion 
and in- and outpatient transfusion, whole blood and apheresis collection, perioperative 
services, and tissue banking. Each of these laboratories or services requires policies and 
procedures, and medical, administrative and technical oversight.

Transfusion service management: Management of the Ts requires the establish-
ment and pursuit of organizational goals in an effective and efficient manner. The initial 
87
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step is to create goals, and, through the process of planning, organizing and implement-
ing, these goals should be achieved. The major components of planning are the writ-
ing and acceptance of mission and vision statements, core values and strategic planning, 
including vision, goals and operational and time-line linkages (Table 18.1).The major 
components of organizing are prioritization, coordination, communication and collab-
oration. The major components of implementing are monitoring, outcomes evaluation, 
staff development and management, and continual adjustment and improvement.

Table 18.1 Mission statement

The Transfusion service is dedicated to the optimal 
transfusion of patients and the advancement of the field 
through outstanding clinical service, basic and clinical 
research, and education of our members and the next 
generation of leaders in transfusion medicine.

The scope of Ts physician includes executive, medical director and administrative 
functions, including strategic planning, leadership, project management, identification 
of new technologies, determination of the scope and complexity of services offered, 
information technology, clinical consultation, Ts and laboratory representation to the 
hospital staff and administration, utilization review, formation and promulgation of 
clinical guidelines, regulatory compliance, quality systems and assurance, quality control, 
human resources and customer service.

Quality management: The Ts physician is usually, or will become, an expert in 
quality systems, as these systems have been a requirement in the AABB Standards for 
over 10 years. Quality systems provide a process and procedure structure for opti-
mal pretransfusion testing, post-manufacture processing, crossmatching, and issuing  
and administration of products, and for validation, preventative maintenance, and 
quality control of technologies, to name a few of the elements incorporated into the 
quality plan.

Patient care: The Ts physician can provide both direct and consultative patient care. 
Direct patient care, where services can be reimbursed through either Evaluation and 
Management (E&M) or Current procedural Terminology (CpT) codes, is performed 
through therapeutic apheresis, therapeutic phlebotomy and HpC collection, as well 
as through the interpretation of complex serologic and patient matching issues and 
evaluation of transfusion reactions and complications. Consultative services are often 
requested regarding provision of appropriate or specialized blood products, transfusion 
reactions, blood management, hemostasis and thrombosis-related test result interpre-
tation, and consideration of optimal products for injection, administration, infusion or 
transfusion. Much of the Ts (and other clinical laboratory) test consultation activities 
and services can be reimbursed through CpT codes and billing. Outside these roles, the 
Ts physician improves patient care through policies and procedures that enhance qual-
ity, and through participation in hospital committees (such as the transfusion commit-
tee or patient safety committee). Transfusion committees oversee blood utilization and 
the creation of guidelines, as well as reviewing adverse transfusion outcomes.
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Transfusion committee: The Joint Commission (TJC) standards (pI.1.10) require 
hospitals to collect and monitor their performance regarding the use of blood prod-
ucts, which can be overseen by the hospital transfusion committee or its equivalent. 
The data must be analyzed and tracked over time to identify levels of performance, 
patterns, trends and variation, compared with external sources, and the results must 
identify opportunities to improve. Areas of improvement must be prioritized, actions 
taken to improve, changes evaluated to ensure that they result in improvement, and 
actions taken when improvement is not achieved or sustained. These requirements 
can be met by reviewing the ordering, distribution, handling, dispensing, administra-
tion and effects of blood products.

Membership: The members of the transfusion committee include representa-
tives from the departments that utilize blood products, such as hematology, surgery, 
anesthesia and obstetrics; and blood bank, clinical laboratory, nursing and hospital 
administration.

Goals: The primary goal of the transfusion committee is to improve performance, 
defined as what is done and how well it is done. The committee must approve the 
blood supplier, and monitor blood utilization, adverse events, errors, accidents, and 
the blood bank quality plan. The committee should ensure that the blood bank has 
the resources it needs to carry out the responsibilities of the Ts. The committee also 
oversees development of transfusion practice guidelines, criteria for blood product 
use, and blood administration procedures.

Audit: Audit of particular areas, such as turn-around time, specimen mislabeling, wast-
age and patient identification, is used to identify areas in need of improvement. The root 
cause of the deviation can be determined, and a corrective action created to ameliorate the 
problem. The audit is then repeated to ensure improvement and sustainability. An audit 
of blood administration may include specimen collection (use of two patient identifiers), 
blood bank testing (appropriate reagent use and product selection), product dispens-
ing (patient identification, verification of patient history), and product administration 
(patient identification, appropriate informed consent, compliance with physician order, 
transfusion with no other fluid except normal saline and completed within 4 hours).

Audits can be prospective, occurring at the time of the event; concurrent, occurring 
within 24 hours of the event; or retrospective, occurring later than 24 hours after the 
event.

Transfusion Practice guidelines: Clinical transfusion guidelines encompass both 
the transfusion of products (i.e. rBCs, plasma, platelets and cryoprecipitate) as well as 
transfusion in special clinical scenarios (i.e. sickle cell disease, massive transfusion and 
liver transplantation). The creation of clinical transfusion guidelines requires commu-
nication between the ordering physician and the Ts physician, as well as an under-
standing of the steps involved in providing blood products to the patient. A model 
process is as follows:
1. An audit is performed in order to best understand current and established transfusion 

practices.

2. Draft guidelines are created by a multidisciplinary team based on evidence in the 
literature.
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3. Education of the ordering physicians and other members of the healthcare team 
ensues, and is required to determined the understandability and likelihood of 
implementation and compliance.

4. The guidelines are revised, approved, adopted and implemented.

5. periodically, repeat auditing is required to guarantee that the guidelines are being 
followed and continue to be appropriate.

maximum surgical blood order: The establishment of the maximum blood 
surgical order schedule (MsBOs) for common surgical procedures (e.g. 2 units of 
rBCs for total hip replacement, 2 units of rBCs for coronary artery bypass grafting) 
makes it possible to determine the amount of blood that will be made available for a 
particular type of operation, and enables the hospital Ts to avoid the excess inventory 
and wastage that can result from excessive amounts of blood being ordered for surgi-
cal procedures.

informed consent: The Ts physician is required by the College of American 
pathologists (CAp) and the AABB Standards to participate in the development of pol-
icies, processes and procedures regarding recipient informed consent for transfusion. 
At a minimum, the procedure must communicate the risks and benefits for transfu-
sion, the alternatives to transfusion, the right to refuse transfusion, and the ability to 
ask questions. In some hospitals, it may be helpful to have a separate and approved 
process for refusal of blood product administration.

inventory management: Although the overall Us blood supply is usually ade-
quate, the margin of supply and demand can at times be low, and regional and local 
differences can be extreme. The Ts physician is significantly involved in inventory 
management, especially when the supply is low (such as during the winter holidays 
and the summer), and is responsible for the establishment of a communication plan 
to allow all stake holders to be apprised of significant blood and blood component 
shortages. The Ts physician is also responsible for having a system for patient evalua-
tion and distribution/triage of units during times of significant shortage or recalls. Ts 
physicians also oversee product inventory management for specific patients or patient 
groups, including patients with multiple alloantibodies that may require large num-
bers of rBC products for transfusion.

education: The Ts physician educates many groups of individuals. Formal educa-
tion of residents and transfusion medicine fellows is overseen through the ACGME 
(Accreditation Council for Graduate Education), which requires learning oppor-
tunities, assessment and outcomes in six core competencies: patient care, medical 
knowledge, system-based practice, practice-based learning, professionalism, and 
interpersonal and communication skills. In addition, the Ts physician educates tech-
nologists, ordering physicians and hospital administrators. Education is via multiple 
methods, including presentations, patient cases, and one-on-one conversations. In 
order to improve the quality of patient care, continued education of residents, fellows, 
ordering physicians and hospital administrators is mandatory.

research: It is possible to participate in and/or direct a broad range of opportunities 
and activities in the blood bank and transfusion service, ranging from NIH-funded to 
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quality improvement projects. Large clinical trials currently funded by the National 
Heart, Lung, and Blood Institute through the Transfusion Medicine Hemostasis/
Clinical Trials Network are being conducted to evaluate new therapies and approaches 
in the transfusion therapy and treatment of patients with hemostatic disorders. In 
addition, ongoing basic science research is needed to better understand the beneficial 
and adverse effects of transfusion and to improve transfusion management. The col-
laboration between basic scientists and clinicians allows for the “bench to bedside and 
back” development of optimal patient care. Lastly, quality improvement projects affect 
patient care by highlighting areas of improvement, such as turn-around time, patient 
identification and blood utilization review.

TS medical direction within Small- to medium-Sized community  
hospitals: The Ts in small- to medium-sized community hospitals is frequently over-
seen by a general pathologist, who is responsible for other areas in the pathology prac-
tice as well, or by a board-certified transfusion medicine physician who has additional 
revenue-generating responsibilities in a private practice environment.

Transfusion medicine as a career: Blood banking and transfusion medicine 
(BB/TM) physicians work in a variety of settings, including blood centers, hospital 
transfusion services, industry, government, and large commercial laboratories. BB/TM 
physicians continue to participate in expanding areas outside the hospital transfusion 
service and donor program, such as HLA laboratory, HpC collection and processing 
laboratory, tissue banking, and coagulation laboratory direction. BB/TM physicians 
participate in research, including basic and translational investigations, cellular therapy, 
blood donation and transfusion issues, and clinical trials. A recent survey demonstrated 
that approximately 70% of BB/TM fellowship graduates from 1995–2004 had published 
articles within the previous 3 years, and 12% had published over 10 publications within 
that timeframe.

There are multiple career options in the field of BB/TM, with wide-ranging oppor-
tunities including clinical, teaching, research and administration. BB/TM physicians 
should be advocates for the best transfusion care of patients and the best care of donors, 
be teachers and mentors, and be devoted to the continual improvement of the field of 
BB/TM.
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C H A P t E R 19
Pretransfusion testing (or pretransfusion compatibility testing) includes the immu-
nohematologic testing needed for proper patient blood typing, component selec-
tion and compatibility testing, which ensure optimal patient safety and transfusion 
efficacy.

AABB Standards for Blood Banks and Transfusion Services require that the  
following are performed:
1. Positive identification of patient and their corresponding blood sample;

2. ABO group and D typing of patient’s sample;

3. testing of the patient’s serum/plasma (hereafter referred to as “plasma” for simplic-
ity) for unexpected, clinically significant red blood cells (RBC) antibodies, which 
are defined as antibodies known to cause hemolytic transfusion reactions or hemo-
lytic disease of the fetus and newborn;

4. Comparison of current findings with previous results;

5. Confirmation of ABO group of RBC components;

6. Confirmation of D type of D-negative RBC components;

7. Selection of ABO- and D-appropriate components for the patient;

8. Serologic or computer crossmatching; and

9. Labeling of the component for issue with the patient’s identifying information.

the number of these tests, their frequency and their methodology differ based on 
the type of component to be issued.

RBC components (and other components containing 2 ml of RBCs) require a 
crossmatch, for which the patient’s sample should be no more than 3 days old unless 
the patient has not been pregnant or transfused within the preceding 3 months. If the 
patient’s history is uncertain or unavailable, compatibility testing must be performed 
on blood samples collected within 3 days of the transfusion event. Each institution 
should have a policy in place that defines the length of time samples may be used from 
patients who have not been pregnant or transfused within the last 3 months. Figure 19.1  
shows the steps involved before a unit of RBCs can be issued for transfusion.

Plasma, platelet, and cryoprecipitate components do not require crossmatching; 
nor does ABO/D typing need to be confirmed on these components.

transfusion requests must contain sufficient information for positive patient identi-
fication and determination of the patient’s component needs, including the quantity of 
the specific blood component requested and any other special processing needed (for 
example, irradiation or leukoreduction), and the name of the responsible physician.

Patient identification: Appropriate patient identification is critical to the 
safety of blood transfusion. Mistransfusion, a term that typically refers to erroneous  
93
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administration of an ABO-incompatible RBC unit, remains a significant source of 
morbidity and mortality. Mistransfusion is most often due to errors in sample or 
patient identification. Each facility must have patient identification and specimen col-
lection policies that require positively identifying each patient prior to drawing the 
specimen to be used for pretransfusion testing. the specimen must be labeled with 
two independent patient identifiers and the date of collection while at the patient’s 
side. In addition, there must be a mechanism to identify the phlebotomist. Once the 
specimen is received in the laboratory, the specimen label must match the information 
on the transfusion request. If there is any doubt about the identity of the patient, a 
new sample must be obtained. It is unacceptable to correct identifying information on 
an incorrectly labeled specimen. Each laboratory must have procedures and policies in 
place that define the required identifying information and describe how to document 
and handle mislabeled specimens.

Specimen requirements: Pretransfusion testing can be performed on either 
serum or plasma.

Method: the classic foundation of serologic methods is the agglutination of RBCs 
when antigens on RBCs interact with antibodies in the plasma. Usually, agglutination 
is accelerated by brief centrifugation (“spinning”). Reactions are interpreted based on 

Patient blood sample

Perform ABO/D typing

Perform antibody screen

PositiveNegative

Select ABO/D compatible
RBC product

Select ABO/D compatible,
antigen-negative RBC product

Perform antibody
identification panel

Perform crossmatch

Issue RBC product

Figure 19.1 Flow chart outlining pretransfusion compatibility testing.
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the degree of agglutination, and are graded as 0 (negative, no agglutination) to 4 
(one solid agglutinate). the reactions are also read for the presence of hemolysis; there 
are some antibodies which result in in vitro hemolysis, such as anti-Jka and anti-Jkb. 
the two major classes of antibodies to RBC antigens are IgM and IgG. tyically, IgM 
antibodies result in agglutination in the immediate spin (IS) phase while IgG antibod-
ies result in agglutination in the anti-human globulin (AHG) phase.

immediate spin phase: IgM antibodies are pentamers which bind to correspond-
ing antigens and directly agglutinate RBCs. Agglutination occurs after centrifugation, 
without additional reagents or extended incubation, and is known as “immediate 
spin” reactivity.

Anti-human globulin phase: IgG antibodies are monomers which do not 
directly result in agglutination (termed non-agglutinating antibodies). In order to 
detect IgG antibodies, AHG techniques must be used. the AHG phase (also termed 
the Coombs’ phase) is based on the principle that AHGs obtained from immunized 
non-human species bind to human globulins such as IgG or complement attached to 
RBC antigens. the binding of the AHGs to the sensitized RBCs (RBCs covered with 
IgG and/or complement) results in visible agglutination following centrifugation. 
AHG techniques require additional reagents (potentiators) and extended incubation 
for optimal sensitivity. Alternative methods that do not require agglutination have also 
been developed, including solid phase and flow cytometry. In addition, some of these 
methods have been automated.

AHg reagents: the AHG reagent can be polyclonal, monoclonal, or a blend of 
both, and either anti-IgG or polyspecific – which contains anti-IgG and anti-C3d, 
and may contain anti-C3b and other immunoglobulin and complement antibodies 
(Figure 19.2). A negative AHG test must be followed by a control system of IgG-sen-
sitized cells, termed check cells, to confirm that the result is not a false negative. If the 
check cells do not agglutinate, then the test must be repeated.

Detection techniques: A variety of techniques can be used for detection of RBC 
alloantibodies; in the US, tube and gel methods are most commonly used, followed by 
solid phase methods. Regardless of the method, test sensitivity is usually greater than 
97–99% when performed under FDA-approved conditions. Each laboratory should 
determine how testing will be performed, including which methods are to be used as 
primary and alternative methods.

tube test: the tube test method (also known as liquid-phase tube or “wet” method) 
can be performed with no enhancement reagents (saline). More often an enhance-
ment media is used to increase the sensitivity; these media include albumin and low 
ionic strength solution (LISS), which decrease the zeta potential (the repulsive electric 
potential between RBCs that prevents their aggregation) and bring the RBCs closer 
together. Polyethylene glycol (PEG), which removes water and concentrates the anti-
bodies in the sample, is also used. Each enhancement media has its limitations. For 
example, LISS and albumin enhance cold autoantibodies and PEG enhances warm 
autoantibodies. In addition, different methods have varying sensitivity and specificity. 
the tube test is flexible and relatively inexpensive, but the reactions are unstable, the 
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grading of reactions is subjective, the test requires increased technologist time, and 
there are test failures due to inadequate washing between steps.

gel test: the gel method (also known as column agglutination) has a similar sen-
sitivity to the PEG tube test, requires less technologist time, produces reactions that 
are stable for up to 24 hours, and allows for a more standardized grading of reactions. 
However, it is more expensive than the tube test, as special equipment must be pur-
chased to accommodate the gel cards.

solid phase test: the solid phase method has benefits similar to those of the gel 
method, but the solid phase method requires that technologists are carefully trained to 
interpret reactions because, unlike the tube and gel methods, solid phase reactions are 
not based on agglutination.

Automation: Both the gel and solid phase methods have been automated and 
require smaller sample volumes than the tube test method.

ABO Blood type: the ABO antigens and antibodies are the most clinically signifi-
cant of all RBC antigens and antibodies in transfusion practice. the reciprocal anti-
bodies (also called antithetical isohemagglutinins) are consistently present in the sera 
of individuals without previous RBC exposure because they are produced in response 
to environmental stimulants, such as bacteria. these antibodies may result in severe 
intravascular hemolysis after transfusion of ABO-incompatible RBCs. the prevention 
of ABO-incompatible transfusion is a primary objective of pretransfusion testing. In 
order to determine the ABO group of the patient using serology, the patient’s RBCs 
must be tested with anti-A and anti-B (known as the front/forward type) and the 
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� Anti-human
globulin

RBC coated
with -lgG

Agglutination
   -Positive test

Patient plasma

Figure 19.2 Antihuman globulin test. Modified from Hillyer CD, Silberstein LE, Ness PM  
et al. (eds). (2007). Blood Banking and Transfusion Medicine: Basic Principles & Practice, 2nd edition. 
Philadelphia, PA: Churchill Livingstone, Elsevier.
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Table 19.1 abO Typing

reaction with rBCs tested with: reaction with plasma tested with: interpretation

Anti-A Anti-B A1 Cells B Cells ABO group

0 0   O

 0 0  a

0   0 b

  0 0 ab

patient’s plasma with A1 and B RBCs (known as the back/reverse type). these assays 
use FDA-licensed antisera and reagent RBCs (table 19.1). ABO RBC typing reagents 
are currently manufactured as monoclonal antibodies (monoclonal reagents), while 
in the past they were derived from human sera (polyclonal reagents). typing can be 
performed by tube, gel and solid phase methods.

D type: After the ABO group system, D is the most clinically important RBC anti-
gen in transfusion practice. In contrast to A and B antigens, an individual who lacks 
the D antigen does not form the corresponding antibody unless exposed to D-positive 
RBCs through pregnancy or transfusion. the D antigen has greater immunogenicity 
than all other RBC antigens; 20% of hospitalized D-negative individuals who receive 
a D-positive RBC component will form anti-D. therefore, most countries where there 
is a significant population of D-negative individuals will test all patients and donors 
for the D antigen to ensure D-negative individuals receive D-negative RBC-containing  
components. the patient must be tested serologically using FDA-licensed anti-D  
reagents, which can be monoclonal, polyclonal, or monoclonal–polyclonal blends.  
If the D typing cannot be interpreted, then the patient should receive D-negative 
RBCs. testing a patient’s RBCs for weak D (where the D test is taken to the AHG 
phase) is not necessary; without this additional step weak D individuals are treated as 
D negative, and there is no harm in giving these individuals D-negative RBCs.

D type of a Blood product: In contrast to the transfusion service, the donor 
center must ensure that D-negative products are appropriately labeled, such that 
a recipient of a D-negative product does not form anti-D in response to transfused 
RBCs. Currently, donor centers use typing reagents to detect the presence of the D 
antigen, and to increase the sensitivity of these reagents the test is brought to the AHG 
phase (weak D testing) (see Chapter 10).

Antibody Screen: the objective of the antibody screen is to identify any clinically 
significant antibodies against foreign (non-self) RBC antigens (RBC alloantibod-
ies). Each institution must decide which antibodies it considers clinically significant 
(examples are given in Chapter 20, tables 20.1 and 20.2). the procedure should also 
minimize detection of clinically insignificant antibodies, and be performed in a timely 
manner. Because these alloantibodies are primarily IgG, AHG must be used for maxi-
mal sensitivity.
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Blood component Selection:

ABO Compatibility: Blood components should be ABO-identical with the transfu-
sion recipient, although situations frequently arise in which this is not possible (table 
19.2). If the component contains 2 ml or more of RBCs (i.e. RBC and granulocyte com-
ponents), then the donor’s RBCs must be compatible with the recipient’s plasma (table 
19.3). Since plasma-containing components (i.e. plasma, platelets and whole blood) 
have ABO antibodies, the donor plasma should be compatible with the recipient’s RBCs 
(table 19.4). Whole blood must be ABO-identical to the recipient’s ABO type.

Table 19.2 abO selection of blood components

Component ABO selection of the Component

Whole blood Identical to the patient

Rbcs compatible with the patient’s plasma

Granulocytes pheresis compatible with the patient’s plasma

Plasma compatible with the patient’s Rbcs

Platelet pheresis all abO groups acceptable; preferable to give 
components compatible with the patient’s Rbcs

cryoprecipitate all abO groups acceptable

Table 19.3 abO Group selection for Rbc Transfusion

patient ABO 
group rBC Containing Component ABO group

1st Choice 2nd Choice 3rd Choice 4th Choice

ab ab a b O

a a O

b b O

O O

Table 19.4 abO Group selection of Plasma component Transfusion

patient ABO 
group plasma Containing Component ABO group

1st Choice 2nd Choice 3rd Choice 4th Choice

O O a b ab

a a ab

b b ab

ab ab
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D Compatibility: Only RBC-containing components (RBCs, granulocytes, whole 
blood and platelets) need to be matched for the D-antigen. D-negative components 
should be reserved for D-negative recipients in order to prevent anti-D formation. 
Occasionally, D-negative components are not available for D-negative patients. In this 
situation, it is important to weigh the risk of alloimmunization against the urgency 
of transfusion. Formation of an anti-D is most detrimental to a female with child-
bearing potential, but prevention of antibody production may also be important in 
patients who may require ongoing RBC support (such as patients undergoing trans-
plantation or with chronic anemia). the risk of sensitization to the D antigen is high-
est with RBC components (80% in healthy volunteers and approximately 30% in 
hospitalized patients), and is very low in patients with malignancy undergoing chem-
otherapy and receiving apheresis platelet components. For platelet components and 
other low-volume RBC-containing components, Rh immune globulin (RhIg) can be 
given to prevent anti-D formation after transfusion of D-positive RBCs. It has been 
reported that RhIg can prevent anti-D formation after D-positive RBC transfusion in 
a D-negative patient, but there is a risk of hemolysis with large doses of RhIg in the 
presence of large volumes of D-positive RBCs. In emergency situations, there may not 
be adequate time to acquire a D-negative component for a D-negative patient.

crossmatch: RBC components (including whole blood) must be crossmatched 
with the patient’s sample prior to issue, except in emergency situations. the objec-
tive of the crossmatch is to demonstrate compatibility between antigens on the donor 
RBC and the recipient’s plasma antibodies.

immediate spin Crossmatch: the immediate spin crossmatch is designed to 
detect incompatibility due to ABO antigens on donor RBCs, while an AHG cross-
match is used to detect incompatibility between alloantibodies in the patient’s plasma 
and non-ABO antigens on donor RBCs. If the patient has no history of clinically sig-
nificant alloantibodies and the current screen does not detect any clinically significant 
alloantibodies, then an AHG test is not required and only an immediate spin or com-
puter crossmatch is necessary. the advantages of an immediate spin crossmatch are 
decreased workload, turnaround time and reagent costs.

electronic Crossmatch: Electronic crossmatching can be used with a validated 
computer system in patients who have no previous or current clinically significant 
alloantibodies and whose ABO group has been determined at least twice (once on the 
current sample). the advantages of the electronic crossmatch are decreased workload, 
decreased volume requirement of patient samples, improved blood inventory, and 
decreased turnaround time for component issue. In the US, for non-alloimmunized 
patients, immediate spin tube testing is currently more commonly used than elec-
tronic crossmatch, but this may be changing.

AHg Crossmatch: For alloimmunized patients, AHG crossmatch must be per-
formed. In the US, tube testing with LISS and gel are most commonly used, followed 
by tube testing with PEG, albumin or saline, and solid phase testing.

Neonates: An initial pretransfusion specimen is required to determine ABO/D type. 
Only the neonatal RBCs need to be tested with anti-A and anti-B (only the forward 
type needs to be performed), as neonates do not usually form anti-A and/or anti-B  
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in their plasma for the first 4–6 months and the antibodies that are detected soon 
after birth are from placental transfer from their mother. If a non-group-O infant is 
to receive non-group-O RBCs that are not compatible with the maternal ABO group, 
then the infant’s plasma must be tested for the presence of ABO antibodies using a 
method that includes the AHG phase. Plasma from the infant’s mother or the infant 
can be used for unexpected RBC antibody detection and crossmatch. If no clinically 
significant antibodies are present, then it is not necessary to perform a crossmatch for 
the initial or subsequent transfusions. Repeat testing of an infant less than 4 months 
of age during any single hospital admission is not required.

Labeling and release of Blood components: the AABB Standards require 
that the following occur at the time of issue:
1. A tag or label with the patient’s two independent identifiers, donor unit number, 

and compatibility testing results (if performed) must be securely attached to the 
container.

2. A final check of records (patient name and identification number, patient’s 
ABO/D type, donor component number, donor’s ABO/D type, interpretation of  
crossmatch [if performed], date and time of issue, and identification of special 
transfusion requirements [such as irradiation, antigen-negative, and CMV-reduced 
risk] must be performed).

3. there must be confirmation that identifying information on the request, records 
and components are in agreement. Prior to issue, the component must be accept-
able for use and should be checked for abnormal color, leakage, and outdate.

Final identification of the patient and component must be performed by the trans-
fusionist, who must identify the patient and donor unit and certify that all identifying 
information on forms, tags and labels are in agreement. A record of the transfusion 
should be made as part of the patient’s medical record.

causes of unexpected test results:
l Negative antibody screen and incompatible immediate spin crossmatch: anti-A1 is 

present in an A2 or A2B individual being crossmatched with A1 component, patient 
has room temperature antibodies (anti-M, anti-I), there is rouleaux, or donor RBCs 
are polyagglutinable.

l Negative antibody screen and incompatible antiglobulin crossmatch: donor RBCs 
have positive direct antiglobulin test, donor RBCs have low-incidence antigen for 
which the patient has the corresponding antibody, donor RBCs have antigen for 
which the patient has the corresponding antibody but was missed on the anti-
body screen secondary to strength of the antigen expression, or passive antibody 
is present (ABO antibodies from the transfusion of ABO non-compatible plasma-
containing components).

l Positive antibody screen and compatible crossmatch: antibodies dependent on rea-
gent RBC diluent, component does not contain RBC antigen corresponding to the 
patient’s antibody or it is at a lower dose where it does not result in agglutination, 
or the patient has autoanti-H or autoanti-IH (antibody reacts with group O RBCs 
but not type-specific RBCs).
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l Positive antibody screen, incompatible crossmatch, and negative auto control: patient 
has RBC alloantibodies or there is unexpected interaction with the reagents.

l Positive antibody screen, incompatible crossmatch, and positive auto control: patient 
has RBC alloantibodies and is experiencing a delayed serologic or hemolytic trans-
fusion reaction, passively transferred alloantibody (intravenous immune globulin 
or RhIg) reactive with the patient’s RBCs, or cold or warm reactive autoantibodies, 
or there is rouleaux formation or unexpected interaction with the reagents.

Quality Assurance: the Clinical Laboratory Improvement Amendments of 1988 
(CLIA ’88) regulates ABO group and D typing, antibody detection and crossmatch. 
Proficiency testing must be performed at least twice a year. A program of quality con-
trol must be established to ensure that reagents, equipment and methods function as 
expected. Results need to be reviewed and, when appropriate, corrective action taken. 
Reagents and other materials must be stored and used in accordance with the manu-
facturer’s written instructions.

recommended reading
BCSH Blood transfusion Force (Chairman: JAF Napier; Membership: JF Chapman, 

K Forman, P Delsey, SM Knowles, MF Murphy and JK Wood; Drafting group: JF 
Chapman (Convenor), t Balin, SM Knowles, CE Milkins and G Poole). (1996). 
Guidelines for pretransfusion compatibility procedures in blood transfusion labo-
ratories. Transfusion Med 6, 273–283.

Frohn C, Dümbgen L, Brand J et al. (2003). Probability of anti-D development in D 
patients receiving D RBCs. Transfusion 43, 893–898.

Shulman IA, Downes KA, Sazama K, Maffei LM. (2001). Pretransfusion compatibility 
testing for red blood cell administration. Curr Opin Hematol 8, 397–404.

Shulman IA, Maffe LM, Downes KA. (2005). North American pretransfusion test-
ing practices, 2001–2004: results from the College of American Pathologists 
Interlaboratory Comparison Program Survey Data, 2001–2004. Arch Pathol Lab 
Med 129, 984–989.

Yazer MH. (2006). the blood bank “black box” debunked: pretransfusion testing 
explained. Can Med Assoc J 174, 29–32.
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Unexpected RBC antibodies (defined as all alloantibodies other than anti-A and 
anti-B) are found in 1.2% to 35% of the population, depending on the age (pediatric 
patients are less likely to have antibodies than adults), number of previous transfu-
sions, and patient population (the highest rates of alloimmunization occur in patients 
with sickle cell disease). immunization to RBC antigens that require RBC exposure 
usually results from pregnancy or transfusion. in contrast, there are some non- 
anti-A or -anti-B RBC alloantibodies that are naturally occurring (i.e. do not occur in 
response to known sensitization through RBC exposure, but rather may be examples 
of antigenic mimicry), such as anti-M or anti-Lea.

initial detection of unexpected RBC alloantibodies can occur when testing the 
patient’s plasma for ABO type (ABO typing discrepancy), antibody screen, crossmatch, 
or through an eluate prepared from the patient’s RBCs coated with the alloantibody 
(ABO typing and antibody screen are discussed in Chapter 19; the eluate is discussed 
in Chapter 21). Once an antibody is detected, its specificity should be determined and 
its clinical significance assessed. This further testing is termed RBC antibody identifi-
cation (also known as antibody panel, identification of alloantibodies to RBC antigens, 
or serologic investigation of unexpected antibodies).

Antibody identification panel: if the antibody is present in the patient’s plasma, 
then the specificity of the unexpected RBC antibody can be determined by testing the 
plasma against a panel of reagent RBCs. The antibody specificity can be determined by 
correlating the RBCs that do or do not react to the plasma with the antigen profile of 
those RBCs (e.g. if there is agglutination of K-positive RBCs but not of K-negative panel 
RBCs, then the patient’s plasma contains an anti-K). Once the specificity of the antibody 
is determined, then the clinical significance can be assessed.

Determination of clinical significance: Clinically significant alloantibodies 
result in the decreased survival of transfused RBCs (i.e. hemolysis) and/or are associ-
ated with hemolytic disease of the fetus and newborn (HDFN) (Tables 20.1 and 20.2). 
if an antibody is determined to be clinically significant, then antigen-negative RBCs 
should be used for all present and future transfusions. if the antibody is associated 
with HDFN, then the appropriate prenatal testing needs to be performed, such as 
antibody titers. Therefore, knowing the patient’s medical history is important to aid in 
antibody identification (history of recent or past RBC transfusion or pregnancy), and 
in assessing the clinical significance of the antibody and the increased likelihood of 
autoantibodies (medication or disease history or clinical presentation).

History of antibody: Patients with previously identified antibodies are required to 
be tested for additional clinically significant antibodies per AABB Standards.
103
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Table 20.1 Summary of major blood group antigens

Prevalence (%)

     White african american

40 27
11 20
85 92
68 27
29 22
80 96
98 98

9   2
99.8              99

2                1
 99              99
 1 20

 99 99
66 10
83 23
77 92
74 49
78 74
70 75
52 31
89 94

100              99
22 23
72 55

8   5
 99              99

67 55
82 89

 99.9              99
10 10
79                    94

cademic Press.
antigens systems IgM IgG Transfusion reactions HDFN

a abO X X mild–severe None–moderate
b abO X X mild–severe None–moderate
D Rh X X mild–severe mild–severe
C Rh X mild–severe mild
e Rh X X mild–moderate mild
c Rh X mild–severe mild–severe
e Rh X mild–moderate Rare
K Kell X X mild–severe mild–severe
k Kell X mild–moderate mild–severe
Kpa Kell X mild–moderate mild–moderate
Kpb Kell X None–moderate mild–moderate
Jaa Kell X None–moderate mild–moderate
Jpb Kell X mild–moderate mild–moderate
Fya Duffy X mild–severe mild–severe
Fyb Duffy X mild–severe mild
Jka Kidd X None–severe mild–moderate
Jkb Kidd X None–severe None–mild
m mNS X X None None–mild
N mNS X None None
S mNS X None–moderate None–severe
s mNS X None–mild None–severe
U mNS X mild–severe mild–severe
lea lewis X Few None
leb lewis X None None
lua lutheran X X None None–mild
lub lutheran X X mild–moderate mild
Doa Dombrock X Rare DaT/No HDFN
Dob Dombrock X Rare None
Coa Colton X None–moderate mild–severe
Cob Colton X None–moderate mild
P1 P X Rare None

Modified from Hillyer CD, Stauss RG, Luban NLC (eds) (2004). Handbook of Pediatric Transfusion Medicine. San Diego, CA: elsevier A
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Table 20.2 Clinical Significance of antibodies to the major blood group antigens

Usually clinically 
significant

sometimes clinically 
significant

clinically 
Insignificant if not 
reactive at 37°c

Generally clinically 
Insignificant

a and b ata a1 bg

Diego Colton H Chido/Rogers

Duffy Cromer lea Cost

H in Oh Dombrock lutheran JmH

Kell gerbich m, N Knops

Kidd Indian P1 leb

P, PP1Pk Jra Sda Xga

Rh lan

S, s, U lW

Vel Scianna

Yt

Reproduced from Hillyer CD, Strauss RG, Luban NLC (eds). (2004). Handbook of Pediatric Transfusion Medicine. 
San Diego, CA: elsevier Academic Press.

indication: Antibody identification panels are required when a patient has an unex-
pected positive RBC antibody screen, ABO typing discrepancy, or unexpected positive 
crossmatch possibly due to RBC antibody.

Specimen requirements: Antibody identification can be performed on either 
serum or plasma. Blood samples anticoagulated with eDTA avoid the problems asso-
ciated with the in vitro uptake of complement components by RBCs, which may occur 
in clotted samples.

Method: The most common methods for antibody identification are based on the 
agglutination of RBCs. A variety of techniques can be used for detection of RBC 
agglutination; in the US, tube and gel techniques are most commonly used, followed 
by the solid phase method. The tube method can be performed with no enhance-
ment reagents (saline), but more often one of a variety of enhancement media, such 
as albumin, low ionic strength solution (LiSS) or polyethlene glycol (PeG), is used. 
each enhancement media has its limitations – for example, LiSS and albumin enhance 
cold autoantibodies and PeG enhances warm autoantibodies. Different techniques 
have varying sensitivity and specificity: one study found the automated solid phase 
method to be less sensitive (65%) but more specific (99%) than either manual solid 
phase or tube methods using PeG. Another study comparing the performance of a 
variety of methods determined that the sensitivities of the gel and solid phase systems 
were similar and higher than the tube method with LiSS, yet all of the higher sensitiv-
ity methods had higher false-positive rates and identified more antibodies of minor 
clinical significance. each laboratory should determine how testing will be performed, 
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including which methods are to be used as primary and alternative methods and what 
phase of testing to use (immediate spin, 37°C, and/or antiglobulin phase).

Panel of rBcs of known antigenic composition: identification of an antibody 
requires testing the plasma against a panel of selected RBCs with known antigen com-
position for the major blood groups (Rh, Kell, Kidd, Duffy and MNS) (Figure 20.1).
l These panel RBCs are usually obtained from a commercial supplier, are usually 

group O, and are selected so a distinctive pattern results from positive and negative 
reactions for each of many antigens.

l A panel should make it possible to identify most of the common clinically signifi-
cant alloantibodies, such as anti-D, -e, -K, and -Fya.

l Negative reactions are used to eliminate the presence of alloantibodies.
l Dosage occurs when an antibody reacts more strongly with a RBC with a double dose 

of antigen (homozygous for the allele), than a RBC with a single dose of antigen (het-
erozygous for the allele). An example is an anti-M that reacts more strongly with a 
RBC that is M positive and N negative than a RBC that is M positive and N positive.

l ideally, antibodies should be ruled out on RBCs that carry a double dose of anti-
gen, but this may not be possible for low-frequency antigens that are rarely carried 
homozygously (such as K).

l Additional selected RBCs are often required to complete the evaluation.
l Criteria for ruling in or ruling out antibodies vary by institution. One example is 

to test the patient’s plasma with at least three antigen-positive RBCs and three anti-
gen-negative RBCs which will result in a probability value of 0.05, indicating that 
the probability the results are due to chance alone is  5%.

rBc Phenotype: Performing a phenotype of the patient’s RBCs is useful in aiding 
antibody identification. if the patient lacks a RBC antigen, then he or she is capable of 
forming an antibody to that antigen. if the patient has a RBC antigen, then he or she 
usually does not make an antibody to that antigen. There are rare circumstances when 
this rule is broken; for example, individuals who are D positive and have the partial 
D phenotype may form an anti-D. RBC phenotyping can also be useful to help focus 
antibody identification by aiding in the determination of what antibodies a patient 
could make. RBCs from a patient sample prior to RBC transfusion are required (pre-
transfusion sample); transfused RBCs can circulate for up to 120 days after transfu-
sion, and therefore their presence could produce a false-positive phenotype result.

Phenotyping direct antiglobulin test (dat)-positive RBCs: in patients with 
a positive DAT, the use of phenotyping reagents, which require anti-human globu-
lin (AHG), may result in false-positive antigen typing results unless the igG can be 
removed from the patient’s RBCs prior to testing. Fortunately, many RBC typing rea-
gents now consist of monoclonal antibodies, allowing for antigen detection in the 
immediate spin phase. if necessary, igG can be removed from the DAT-positive RBCs 
by a variety of techniques, such as chloroquine or a combination of acid glycine and 
eDTA. Sometimes the antigen is destroyed by these removal methods (such as Kell 
system antigens when using the acid glycine/eDTA method) or the removal is not 
effective. in such cases, genotyping provides an acceptable alternative by allowing the 
prediction of a patient’s RBC antigen status without the interference of the antibody.
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Phenotyping Patients who have been Recently transfused: Due to the presence 
of circulating donor RBCs, which may persist for weeks, determination of an individ-
ual’s phenotype by traditional hemagglutination methods is complicated by the pres-
ence of a mixed field population. The RBC phenotype may be determined with the 
use of time-consuming and labor-intensive techniques, such as isolating reticulocytes 
or sickle cells (in individuals with SCD), but it may be inaccurate. Molecular methods 
performed on DNA obtained from peripheral blood leukocytes can overcome some 
limitations of serologic techniques.

Genotyping: RBC antigen identification can be performed through DNA testing. 
High-throughput molecular technologies in the field of transfusion medicine make it 
possible to determine multiple RBC antigen single nucleotide polymorphisms (SNPs) 
simultaneously. There are multiple mass-scale genotyping platforms in use and in 
development in North America and europe, with a single platform currently FDA-
approved. This platform includes genotypes for Rh (Ccee), Kell (K/k), Kidd (Jka/Jkb), 
Duffy (Fya/Fyb), Duffy-GATA, MNS (M/N, S/s), Lutheran (Lua/Lub), Diego (Dia/Dib), 
Colton (Coa/Cob), Dombrock (Doa/Dob, Ja(a)/Jo(a), Hy /Hy), Landsteiner-
Wiener (LWa/LWb), and Scianna (Sc1/Sc2) blood groups and Hemoglobin S.

Prewarm Technique: Cold-reactive antibodies may react in the AHG phase of test-
ing. Reactivity can often be eliminated by removing the enhancement media, using 
saline-suspended RBCs, and performing a 30- to 60-minute incubation followed by 
the AHG test. if reactivity remains, the prewarm technique may be used. in prewarm 
testing, the patient serum and reagent RBCs are warmed to 37°C separately and then 
mixed. Although clinically significant antibodies that are weakly reactive can become 
negative in prewarm testing, the risk is considered minimal. A small percentage of 
patients with cold agglutinins will still have reactivity. in these patients, cold adsorption 
or adsorption with rabbit erythrocyte stroma (ReST, which removes anti-i and anti-iH 
and some clinically significant alloantibodies, such as anti-B, -D, and -e) may be used.

cold antibody screen: The cold antibody screen is used to confirm and identify 
the presence of cold autoantibodies. The patient’s plasma is combined with appropri-
ate reagent RBCs (such as A1, B, O adult, O cord, and autologous RBCs) and then read 
for agglutination at varying temperatures (room temperature, 18°C, and 4°C). This 
technique can be useful in resolving antibody identification problems.

enzyme-treated rBcs: enzyme-treated RBCs can be useful in antibody detec-
tion either to confirm the presence of an antibody or to detect additional antibodies 
because enzymes destroy or alter RBC antigens. Ficin, papain, trypsin and bromelin 
are most commonly used, and destroy or alter the Duffy and MNS blood group anti-
gens and Xga, JMH, Ch, Rg, S, Yta, Mg, Mia/Vw, Cla, Jea, Nya, JMH, some Ge, and inb 
antigens, and enhance the Rh, Kidd, Lewis, and ABO blood group antigens, and the P1 
and i antigens. DTT destroys or alters Kell, Lutheran, Dombrock, and Cromer blood 
group antigens, and the Yta, JMH, Kna, McCa, Yka, LWa and LWb antigens. ZZAP is 
a combination of DTT and proteolytic enzymes. When enzyme-treated RBCs are 
used for antibody identification, alloantibodies to the blood group antigens which are 
destroyed or altered with enzymes cannot be ruled out.
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Neutralization: Neutralization of antibodies can be useful in confirming the anti-
body’s identity or in identifying other antibodies. Anti-Sda is neutralized by urine (Sda 
substance); anti-Ch, anti-Rg (Chido and Rodgers substance), anti-Lea and anti-Leb 
(Lewis substances) are neutralized by plasma; and P1 is neutralized by P1 substance 
found in hydatid cyst fluid and pigeon egg whites. When using neutralized plasma for 
antibody identification, alloantibodies to the blood group antigens that were neutral-
ized cannot be ruled out.

adsorption: in patients with panagglutinating warm autoantibodies, special tech-
niques are used to adsorb out the autoantibodies from the plasma in order to deter-
mine whether alloantibodies are present. These tests are not routinely performed in all 
laboratories, and may need to be performed in a reference laboratory.

autologous adsorption: if the patient has not been transfused within the last 
3 months and has an adequate hematocrit, then an autologous adsorption can be 
performed. in this procedure, a whole blood sample is first separated into RBC 
and plasma fractions, and then heat or other elution techniques are used to remove 
autoantibody from the RBCs. The treated RBCs, now stripped of autoantibodies, are 
mixed with the plasma fraction in order to adsorb out any additional autoantibody 
present in the plasma. When performed correctly, the adsorbed plasma should be free 
of autoantibody, leaving only alloantibodies remaining.

allogeneic adsorption: if the patient has been recently transfused (within the last 
3 months), then an allogeneic adsorption must be performed. in allogeneic adsorp-
tion, allogeneic RBCs (which may or may not be enzyme-treated) are used to adsorb 
out the autoantibody. However, because the adsorbing cells may differ from the 
patient’s RBCs in alloantigen expression, they must be carefully selected so that they 
do not inadvertently adsorb alloantibodies as well as autoantibodies from the patient’s 
plasma. Therefore, at least three phenotype-appropriate RBCs must be used for allo-
geneic adsorption in order to rule out the majority of alloantibodies. For example, a 
D-positive RBC used for adsorption cannot be used to rule out the presence of anti-
D. The adsorbed plasma can then also be used for crossmatch.

Blood component Selection: RBC components need to be negative for the cor-
responding antigen against which the patient has a clinically significant alloantibody. 
each laboratory determines which antibodies require the use of antigen-negative 
RBCs and/or crossmatch using the AHG phase. Usually clinically significant alloan-
tibodies require the use of antigen-negative RBCS, while antibodies that are only 
significant at 37°C may require crossmatching using the AHG phase, and clinically 
insignificant alloantibodies require immediate spin crossmatch only. Some RBC typ-
ing reagents are not routinely available, making it difficult to obtain RBCs negative 
for certain antigens. if RBC typing reagents are not available, then a crossmatch with 
the patient’s plasma to detect the presence of an incompatibility can be used. if the 
patient’s antibody titer is too low to be detected, and there is no method to ensure 
the components are antigen negative, a reference laboratory may be able to provide 
antigen-negative components either by serological (using non-commercial typing rea-
gents) or by molecular techniques.
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Warm autoimmune Hemolytic anemia: it is difficult to select RBCs which 
will have optimum survival for patients with autoantibodies, because the antibodies 
typically have a broad spectrum of reactivity. even donor RBCs that lack antigens for 
which the patient has the corresponding alloantibody will likely be crossmatch incom-
patible. However, usually the destruction of the transfused RBCs is not in excess of 
that already occurring to the patient’s own RBCs secondary to the autoimmune dis-
ease. if the autoantibody has specificity, RBCs lacking the corresponding antigen may 
provide improved survival, but the data to support this practice are lacking.

Paroxysmal Nocturnal Hemoglobinuria (PNH): Patients with PNH, which is 
a stem cell disorder manifested by complement-mediated hemolytic anemia, throm-
bophilia and marrow failure, should receive ABO-identical blood components in 
order to avoid complement activation.

crossmatch: The objective of the immediate-spin crossmatch is to demonstrate 
ABO compatibility between donor and recipient before transfusion. An AHG cross-
match is required in patients who have clinically significant RBC alloantibodies, and 
is used to detect incompatibility due to the presence of an antigen on the donor RBCs 
against which the patient has formed the corresponding alloantibody.

Warm autoantibodies: Adsorbed plasma can be used for crossmatch, if avail-
able. in patients with warm autoantibodies, unabsorbed plasma will often result in an 
incompatible crossmatch.

Neonates: infants younger than 6 months of age will have passive antibodies from 
their mothers. in addition, passive antibodies can result from transfused plasma and 
intravenous immunoglobulin. RBCs that do not contain the corresponding antigen 
are required until the passive antibody is no longer detected. A maternal sample can 
be used for antibody detection until the neonate is 4 months of age.

Quality Assurance: The Clinical Laboratory improvement Amendments of 1988 
(CLiA ’88) regulates antibody detection and crossmatch. Proficiency testing must be 
performed at least twice a year. A program of quality control must be established to 
ensure that reagents, equipment and methods function as expected. Results need to be 
reviewed and, when appropriate, corrective action taken. Reagents and other materials 
must be stored and used in accordance with the manufacturer’s written instructions.

recommended reading
Hillyer CD, Shaz BH, Winkler AM, Reid M. (2008). integrating molecular technolo-

gies for RBC typing and compatibility testing into blood centers and transfusion 
services. Transfus Med Rev 22, 117–132.

Shulman iA, Downes KA, Sazama K, Maffei LM. (2001). Pretransfusion compatibility 
testing for red blood cell administration. Curr Opin Hematol 8, 397–404.

Weisbach V, Kohnhauser T, Zimmermann R et al. (2006). Comparison of the per-
formance of microtube column systems and solid-phase systems and the tube low-
ionic-strength solution additive indirect antiglobulin test in the detection of red cell 
alloantibodies. Transfus Med 16, 276–284.
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the direct antiglobulin test (Dat; also known as the Direct Coombs test [DCt]; 
Figure 21.1) detects the presence of IgG and/or C3 (when IgM binds to RBCs it fixes 
complement, which is more readily detected than IgM) coating red blood cells (RBCs) 
in vivo. Reasons for a positive Dat, which may or may not be associated with a short-
ened RBC lifespan (i.e. less than 100–120 days; hemolytic anemia) are listed in table 
21.1. Small amounts of IgG (5–90 IgG molecules/RBC) and complement (5–97 C3d 
molecules/RBC) are found on RBCs of normal individuals. the Dat can detect a 
minimal level of 100–500 IgG molecules/RBC and 400–1100 C3d molecules/RBC, 
depending on the method and testing techniques.

RBC coated with

� Antihuman
globulin

Polyspecific antihuman
globulin Monospecific antihuman

globulin

Agglutination
– Positive DAT

-lgG

-C3

Figure 21.1 Direct antiglobulin test (Dat). Modified from Hillyer CD, Silberstein Le, Ness pM et al. 
(eds). (2007). Blood Banking and Transfusion Medicine: Basic Principles and Practice, 2nd edition. 
San Diego, Ca: elsevier academic press.

positive Dats are reported in 1 in 1000 to 1 in 14,000 healthy blood donors, and 
1 in 100 to 1 in 17 in hospitalized patients without clinical manifestation of hemo-
lysis or hemolytic anemia. Multiple diseases are associated with a positive Dat, not 
necessarily correlating with the presence of hemolytic anemia, such as sickle cell 
disease, thalassemia, renal disease, multiple myeloma, autoimmune disorders and  
HIV/aIDS.
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Indication: the Dat is useful in the diagnosis of the following situations:
l Antibody identification: a Dat can be performed as part of the evaluation for unex-

pected antibodies. a Dat and, if positive, an eluate may aid in antibody identifica-
tion (see Chapter 20).

l Autoimmune hemolytic anemia: the Dat is performed in order to determine the 
presence of IgG and/or complement coating the RBCs. a positive Dat with IgG 
(with or without complement) and a panagglutinin (see below) eluate is consistent 
with the diagnosis of warm autoimmune hemolytic anemia (WaIHa). a Dat pos-
itive with complement only is seen in patients with cold agglutinin disease (CaD) 
(see Chapter 44).

l Drug-induced hemolytic anemia: the Dat can be used to evaluate the presence of 
drug induced hemolytic anemia (see Chapter 44).

l Hemolytic disease of the fetus and newborn (HDFN): a Dat is performed to evalu-
ate the presence of HDFN. a neonatal sample should have a Dat performed if the 
mother has a positive antibody screen. It may also be indicated when the mother is 
aBO-incompatible with the neonate (e.g. the mother is group O and the neonate is 
group a) (see Chapter 43).

l Transfusion reactions: Dat is performed on the post-transfusion sample in order to 
evaluate a possible acute or delayed hemolytic transfusion reaction (see Chapters 55 and 
56). If the post-transfusion Dat is positive, a Dat should also be performed on the pre-
transfusion sample in order to assess whether the strength of the reaction has increased. 
If the Dat is positive for IgG, then an eluate should be performed to determine the 
specificity of antibody coating the RBCs. If the patient is non-group O, then the eluate 
should be tested with group O screening cells as well as group a and group B cells.

Table 21.1 Causes of a positive DaT

autoantibodies directed at RbC antigens (warm autoimmune hemolytic anemia [WaIHa], cold 
agglutinin syndrome [CaS])

alloantibodies in a patient who was recently transfused antigen-positive RbCs (acute or delayed 
hemolytic transfusion reaction [aHTR, DHTR])

passively transfused alloantibodies against the patient’s RbCs resulting from plasma-containing 
components (platelet component) or a plasma derivative (intravenous immunoglobulin [IVIG] or 
Rh immune globulin [RhIg])

alloantibodies in the maternal circulation which cross the placenta and coat the fetal RbCs 
(hemolytic disease of the fetus and newborn [HDFN])

antibodies against drugs which bind to the RbC membrane (penicillin)

absorbed proteins (IgG) which attach to altered RbC membrane or RbCs modified by drugs 
(cephalosporins)

Immune complex or complement binding to RbCs after drug administration secondary to a drug/
anti-drug interaction (quinidine, phenacetin)

Nonspecific uptake of protein, usually IgG (patients with hypergammaglobulinemia or recipients of 
high dose IVIG)

antibodies derived from passenger lymphocytes as a result of either solid organ or HpC 
transplantation
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Specimen requirements: Specimens must be blood samples anticoagulated with 
eDta.

Method: Dats can initially be performed with a polyspecific anti-human globulin 
(aHG) reagent, which contains anti-IgG and anti-C3d and may also contain antibodies 
to other C3 determinants (C3dg, C3b, C3c) and other immunoglobulins (Iga, IgM). 
If positive with the polyspecific reagent, the sample can be retested with monospe-
cific anti-IgG and anti-C3d/C3dg reagents to further characterize the reactivity. these 
reagents are licensed in the US by the FDa. Dat can be performed with a variety of 
serologic techniques, such as tube (“wet”), microtube columns (“gel”) and solid phase 
methods. the sensitivity and specificity of the Dat performed by the gel test in com-
parison with the tube test has been reported to be 74–98% and 89–95%, respectively.

Evaluation of a positive DAT: the extent to which a positive Dat is evaluated 
depends on the clinical context of the patient, such as the patient’s underlying diag-
nosis, medication history, pregnancy, transfusion history, and presence of unexplained 
hemolytic anemia. the clinical significance of a positive Dat needs to be assessed in 
conjunction with the clinical and laboratory information (i.e. the presence of hemoly-
sis). Further evaluation may be indicated in patients who have evidence of hemolytic 
anemia, patients with transfusion within the last 3 months, patients receiving medica-
tions associated with a positive Dat and RBC destruction, patients who have received 
a solid organ or HpC transplantation, and patients receiving IVIG or RhIg.

additional tests for the evaluation of a positive Dat include testing the patient’s 
plasma for the presence of clinically significant auto- or alloantibodies, and testing the 
eluate if there is IgG coating the RBCs.

eluate: an eluate removes antibodies from the RBCs using a variety of techniques, 
such as heat, freeze–thaw, cold acid, digitonin acid, and dicholormethane glycine-
HCl/eDta. Commercial elution kits are available. the eluate is then used for anti-
body identification employing the same techniques used to test plasma (see Chapter 
20). eluate preparations concentrate the antibody, which may aid in antibody identifi-
cation by increasing sensitivity.

Panagglutinin: When the eluate reacts with all RBCs tested (panagglutinin), then 
an autoantibody is most likely the reason for the positive Dat.

Non-reactive eluate: a non-reactive eluate (i.e. no RBCs reacting) may occur if the 
sample is tested against RBCs that do not express the appropriate antigen(s). this may 
be the case with antibodies against low-frequency antigens. In addition, a non-reac-
tive eluate may occur if the positive Dat was due to anti-a and/or anti-B, but the elu-
ate was only tested against group O cells. this is an important consideration in patients 
who have received aBO-out of group components (e.g. a group a patient who received 
a group O platelet component). approximately 80% of hospitalized patients with a 
positive Dat will have a non-reactive eluate, likely attributable to non-specific protein 
uptake by the RBCs.

enhancement of reactivity: Reactivity of eluates can be enhanced by using 
polyethylene glycol (peG), concentrating the eluate, or other methods. Some eluate 
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methods result in non-reactive results with certain antibodies; when this occurs, an 
alternate method should be used.

False-negative DAT: If the antibody causing the immune hemolysis is not IgG or 
IgM (e.g. Iga), it may not be identified if the polyspecific reagent used in testing does 
not have the appropriate specificity. the IgG bound to RBCs may also be at a concen-
tration too low for the reagent to detect its presence. In this situation, more sensitive 
techniques can be used. In addition, incorrect washing or resuspending, or delayed 
testing, may result in a false-negative Dat.

False-positive DAT: RBCs from clotted specimens, especially when the specimens 
have been refrigerated, often have a positive Dat, usually due to false complement 
reactivity. previously available polyclonal aHG reagents resulted in false-positive Dats 
prior to the use of monoclonal reagents. For example, anti-t in some reagents caused 
a positive Dat in patients with t activation, while anti-transferrin caused a false-posi-
tive Dat in patients with high reticulocyte counts.

Clinical Significance of a positive DAT: In any single patient, the clinical signif-
icance of a positive Dat is difficult to assess. among hospitalized patients, 0.7% have 
positive Dats, while 18% of aIDS patients have positive Dats. the clinical signifi-
cance of a positive Dat is assessed based on clinical and laboratory findings sugges-
tive of decreased RBC survival, such as anemia, jaundice, hematuria; elevated lactate 
dehydrogenase, reticulocyte count, and bilirubin (especially the indirect fraction); and 
decreased haptoglobin (see Chapter 44).

recommended reading
Das SS, Chaudhary R, Khetan D. (2007). a comparison of conventional tube test and 

gel technique in evaluation of direct antiglobulin test. Hematology 12, 175–178.
petz LD, Garraty G (eds). (2004). Immune Hemolytic Anemias, 2nd edition. 

philadelphia, pa: Churchill Livingstone.
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C H A P T E R 22
The ABO blood group system consists of the A; B; A,B and A antigens. Anti-A 
and anti-B antibodies are the most clinically significant in transfusion practice. These 
reciprocal antibodies are consistently present in the sera of the majority of individu-
als without previous red blood cell (RBC) exposure (e.g. anti-B antibodies in blood 
group A patients), and these antibodies may result in severe intravascular hemolysis 
after transfusion of ABO-incompatible blood components. The prevention of ABO-
incompatible transfusion is the primary objective of pre-transfusion testing.

Antigens: The ABO antigens are carbohydrate structures that are synthesized in a 
stepwise fashion by glycosyltransferases that sequentially add specific monosaccharide 
sugars to glycoproteins and glycolipids. H(FUT1) gene, which is preferentially expressed 
in erythroid cells and is located on chromosome 19, encodes a fucosyltransferase which 
places a fucose in (1,2) linkage on type 2 glycoproteins (where the terminal galactose 
has (1,4) linkage to the N-acetylglucosamine) to form the H antigen on RBCs. The 
Se(FUT2) gene, which is preferentially expressed in epithelial cells and is located on chro-
mosome 19, encodes a fucosyltransferase which adds fucose in (1,2) linkage to a type I 
glycoprotein chains (where the terminal galactose has (1,3) linkage to the N-acetylglu-
cosamine). Individuals who carry the Se gene are termed ABO secretors, because they 
can form the H antigen on type 1 glycoproteins which are produced in epithelial cells 
and whose products reside on mucins in secretions, and subsequently can produce A and 
B antigens (given the presence of the appropriate transferases) in the secretions.

The H antigen formed in this way defines the O blood group, and is the precursor for 
A and B antigens. The A and B glycosyltransferases, encoded by the ABO genes on chro-
mosome 9, add either N-acetylgalactosamine or galactose, respectively, to the H antigen, 
resulting in the A and B antigens, respectively (Figures 22.1 and 22.2). group O individuals  
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Figure 22.1 Terminal carbohydrates that define the A and B antigens. The terminal galactose residues 
differ only in that the A antigen has substituted the amino-acetyl group on carbon number 2.
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lack the A or B glycosyltransferases, and therefore have large amounts of H antigen but 
no A or B antigens. some H antigen remains on A and B RBCs, with A1B RBCs having 
the least and O the most amount of H antigen (O   A2  B  A2B  A1  A1B).

The prevalence of ABO blood groups differs in various populations (Table 22.1). 
RBCs carry over 2 million ABO antigens. In addition, ABO antigens are found on 
other tissues, including endothelial and epithelial cells of the lung, gut, and urinary 
and reproductive tracts (and are therefore termed histo-blood group antigens). Hence 
they are important in solid organ transplantation, where ABO incompatibility may 
result in acute rejection. They are also found in secretions and fluids in individuals 
who carry the Se gene (secretor phenotype).

Table 22.1 abO blood group Prevalence

                      Prevalence (%)

ABO group White African American Asian

O 45 49 43

a 40 27 27

b 11 20 25

ab  4  4  5

ABO variants:

Transferases and ABO genetic Alleles: The transferases for A and B antigens differ 
by only 4 of 354 amino acids. Mutations in these transferase genes may result in weak-
ened expression of the antigens and therefore in subgroup phenotypes. Mutations 
may also result in non-functional transferases and therefore group O RBCs. There are 
at least 41 different A subgroup alleles and 18 B subgroup alleles, as well as 61 different 
O alleles. This heterogeneity makes ABO typing with DNA technologies complicated. 
In addition, the same genotype gives rise to different phenotypes even within families, 
which further adds to the complexity.

Inherited A and B subgroups: RBCs from some group A or B individuals that 
react weakly or not at all with standard anti-A or anti-B sera are termed subgroups; 
B subgroups are very rare and less frequent than A subgroups. These subgroups are 
secondary to variability in the ABO genes, which results in variations in the A or B 
antigen structure or the number of antigen sites per RBC. Most group A individu-
als are A1, while A2 is the major A subgroup; A2 and A1 together account for 99% of 
group A individuals with approximately 80% of group A individuals being A1. The 
difference between A1 and A2 is both quantitative (there are fewer A antigens on A2 
than A1 RBCs) and qualitative (structural differences between A1 and A2 antigens). 
The A2 allele differs from the A1 allele by only a single base pair. Because of the struc-
tural difference, A2 individuals can form anti-A1 (1–8% of A2 individuals and 22–35% 
of A2B individuals have anti-A1). Anti-A1 does not usually result in hemolysis of group 
A1 RBCs, although hemolytic anti-A1 has been reported. Therefore, it is prudent to 
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transfuse these individuals with group O RBCs (or other compatible RBCs that lack 
A1). Dolichos biflorus lectin is used to distinguish A1 from A2, as it will agglutinate A1 
but not A2 RBCs.

Bombay phenotype: The H antigen on RBCs is encoded by the H gene, while the H 
antigen found in secretions is encoded by the Se gene, both located on chromosome 
19. Both genes encode for a fucosyltransferase enzyme that adds fucose to a precursor 
oligosaccharide. Homozygosity for defective Se (sese) results in the non-secretor phe-
notype with an incidence of approximately 20%. The rare Bombay phenotype (group 
Oh) results from homozygosity of null alleles at H and Se. Bombay individuals lack the 
H antigen on RBCs and secreted proteins, and make a potent anti-H. These individu-
als must only be transfused with RBCs from other Bombay individuals. Para-Bombay 
denotes two different situations: individuals homozygous for the null allele at H but 
having at least one functional Se allele lack H antigen on their RBCs but have the H 
antigen in their secretions; alternatively, individuals who have minimal residual H 
production on their RBCs and are non-secretors.

Expression: ABO antigens are not fully developed at birth due to the linear struc-
ture of their oligosaccharides. Not until 2–4 years of age do the complex branching 
oligosaccharide structures appear on the RBCs.

Antibodies: Anti-A and anti-B are found in the plasma of individuals who lack the 
corresponding antigen (group O individuals form anti-A and anti-B; group A individ-
uals form anti-B; group B individuals form anti-A; group AB individuals form neither 
antibody). They are produced in response to environmental stimulants, such as bac-
teria, and are therefore termed naturally occurring antibodies. Antibody production 
begins after birth and is usually detected by 4–6 months of age, reaches a peak at age 
5–10 years, and then declines with increasing age. Immunodeficient patients may not 
produce detectable levels of anti-A and/or anti-B. The antibodies are a combination 
of IgM and Igg; the IgM content results in the agglutination at room temperature and 
makes these antibodies effective at activating complement, which in combination with 
the high amount of ABO antigens on RBCs are responsible for the severe transfusion 
reactions that may result from ABO-incompatible transfusions. Hemolytic disease of 
the fetus and newborn (HDFN) caused by ABO antibodies is usually mild because 
only Igg crosses the placenta, fetal ABO antigens are not fully developed, and ABO 
tissue antigens provide additional targets for the antibody. HDFN is most often seen 
in non-group O infants of group O mothers, because group O individuals often have 
significant amounts of Igg anti-A, anti-B, and another antibody that reacts with both 
A and B antigens (anti-A,B).

Antibody titers: Anti-A and anti-B titer results are used in a variety of clinical sit-
uations, including the evaluation of ABO mismatched platelet components (especially 
when a group O platelet component is transfused to a group A or AB patient), ABO-
incompatible solid organ transplantation, and ABO mismatched hematopoietic pro-
genitor cell (HPC) transplantation. There currently is no uniform method for titering 
these antibodies; nor is there a uniform critical value. These antibodies may be tested 
in both the room temperature phase to detect IgM levels, and the anti-human globu-
lin (AHg) phase at 37°C to detect the Igg levels.
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Plasma-rich Blood components: Fatal acute hemolysis has been reported in 
patients transfused with ABO-incompatible blood components containing high titers 
of anti-A or anti-B. Typically these are group O components, with significant amounts 
of plasma, such as platelet components. Because of inadequate platelet inventories, it 
is not always possible to transfuse ABO matched platelet components. Anti-A and/
or anti-B titers are performed on group O platelet components by some Us institu-
tions; a critical titer is used to identify components that are at higher risk for produc-
ing acute hemolysis. For example, the UK tests all group O blood donations at a 1:100 
dilution for anti-A, and labels those with high titers (i.e. positive at this dilution) 
accordingly to be transfused to group O recipients only.

Solid Organ transplantation: As a limited number of donor organs are available, 
ABO-incompatible solid organ transplantation are sometimes performed. Currently 
in the Us, each institution develops a titer protocol, usually including both the Igg 
and the IgM phases of testing, and determines the critical titer for which ABO-incom-
patible transplantation can proceed. some institutions will treat the plasma sample 
with dithiothreitol (DTT) to inactivate IgM, and therefore only have Igg present in 
the Igg phase of testing.

incompatible HPc transplantation: Major ABO incompatibly occurs when 
patients have antibodies against donor RBCs (for example, donor group A and patient 
group O); minor incompatibility occurs when donors have antibodies against patient 
RBCs (for example, donor group O and patient group A); and bidirectional incompat-
ibility occurs when both major and minor incompatibilities are present (for example, 
donor group A and patient group B). Major incompatible transplantation is associ-
ated with immediate hemolysis of donor RBCs in the HPC component after infusion. 
This complication can be minimized by depleting RBCs from the HPC component or 
reducing the recipient’s antibody titer, if necessary. In addition, there may be delayed 
production of donor-type RBCs secondary to the persistent presence of host antibody, 
which may require reducing the antibody titers in the patient by therapeutic plasma 
exchange. The risk of minor incompatibility transplantation is immediate hemolysis of 
recipient RBCs by the plasma contained within the HPC component, and therefore the 
HPC components should be plasma reduced. In addition, delayed hemolysis can occur 
when donor lymphocytes produce antibodies against the patient RBCs usually within 
7–14 days after transplantation. This hemolysis can be severe and fatal, especially in 
group A patients with a group O donor, and is minimized in patients receiving meth-
otrexate or similar medication. Antibody titers can be used in determining the need for 
HPC component modification, or the need to lower antibody levels in patients.

typing discrepancies: Any discrepancy in the results of ABO typing, which 
occurs when the RBC typing reactions (i.e. front type) do not match the plasma 
reactions (i.e. back type), should be resolved prior to issuing blood components to 
patients (or, if from a donor unit, then prior to release of the product). If transfusion 
is necessary prior to resolution, or results cannot be resolved, then group O RBCs and 
group AB plasma should be issued. The discrepancy may result from problems with 
the RBCs or plasma, test-related problems or technical errors. Negative results may be 
obtained when positive results are expected, or positive results may be obtained when 
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negative results are expected. To resolve the discrepancy, the test must first be repeated 
after washing patient and reagent cells and also obtaining a history, such as previous 
transfusions or HPC transplantation.

resolving discrepancies due to Absence of expected Antigens: Acquired 
weakened A and B antigen expression can be seen in patients with hematologic dis-
eases and in other conditions. In addition, somatic chromosomal deletion of the 
ABO locus can result in loss of antigen expression. There are a variety of methods to 
enhance the detection of weakly expressed antigens, such as 30-minute incubation at 
room temperature with washed RBCs, incubation at 4°C with appropriate controls 
(group O and autologous cells), treating RBCs with proteolytic enzymes (ficin, papain 
or bromelin), incubating RBCs with anti-A or anti-B to absorb antibody (with appro-
priate group O, A, and B RBC controls) and performing an elution, and testing the 
saliva (if the patient is a secretor) for the presence of ABO substances.

resolving discrepancies due to unexpected reactions with Anti-A/Anti-B:

B(A) phenotype: some group B individuals have excessively high levels of the B gene 
associated galactosyltransferase, which results in the attachment of detectable levels of 
the A-determining sugar (galNAc) to H antigen on RBCs. These RBCs are aggluti-
nated by an anti-A reagent that contains murine monoclonal antibody MHO4. Using 
an alternate anti-A reagent (without MHO4) usually resolves the discrepancy.

Acquired B phenotype: This phenotype arises, usually in A1 patients, when micro-
bial deacetylating enzymes modify the A-determining sugar (galNAc) so that it resem-
bles the B-determining sugar (galactose). Thus, the acquired B antigen develops at the 
expense of the A antigen. Usually the reactions with anti-B are weak, but they may be 
strong. This is most often observed with the monoclonal anti-B reagents containing the 
Es-4 clone. To confirm the presence of acquired B, the patient’s history must be checked 
for a diagnosis that may be associated with bacteremia, such as intestinal obstruction 
or gastric or intestinal malignancy. In addition, the patient’s RBCs or known acquired 
B RBCs must be tested with patient’s plasma, which should not lead to agglutination. 
Additional approaches include use of an alternate anti-B reagent, use of human anti-B 
that is acidified, and, if the patient is a secretor, testing of their saliva for the presence of 
A and B antigens.

polyagglutination: Polyagglutination refers to RBCs agglutinating with all human 
sera, which can result from genetic inheritance or infection. T activation occurs when 
a bacterium or virus produces an enzyme (neuraminidase) that cleaves the N-acetyl-
neuraminic acid and exposes an otherwise hidden antigen (cryptantigen) on RBCs. 
All normal human sera contain anti-T, and therefore exposure of the T antigen results 
in polyagglutination. This is a transient condition which resolves upon elimination of 
the causal organism. Tn polyagglutination is the defective synthesis of oligosaccharides 
exposing cryptantigens on the RBC surface. HPC mutations result in a permanent 
population of Tn-activated RBCs. If the RBCs are treated with proteolytic enzymes to 
degrade the cryptantigens, then the reactivity should cease. Polyagglutinable RBCs can 
be characterized by lectin typing. There are also other infectious and non-infectious  
causes for polyagglutination beyond the scope of this book.
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Mixed-field Agglutination: This occurs when there are two separate populations of 
RBCs in the patient’s circulation. This can happen after transfusion of group O RBCs 
into a non-group O patient, or in an HPC transplant recipient who received a graft 
from a donor with a different ABO type, or in chimerism (intrauterine exchange of 
erythropoietic tissue by fraternal twin or mosaicism from dispermy). In addition, 
mixed-field agglutination can occur with an A subgroup, A3 (uniquely if the aggluti-
nated RBCs are removed from the non-agglutinated RBCs, and then the remaining 
RBCs are tested with anti-A the mix-field agglutination occurs again in this previously 
non-agglutinated population).

Antibody-coated RBCs: RBCs heavily coated with Igg may agglutinate spontane-
ously in the presence of high protein concentration reagents. In this case, the Igg can 
be removed and the RBCs retested. In addition, RBCs from samples containing cold-
reactive IgM autoagglutinins may agglutinate spontaneously. Incubating the RBCs 
at 37°C and then washing them with warm saline can usually remove the antibodies. 
Another option is to remove the IgM antibody with dithiothreitol (DTT).

resolving discrepancies due to unexpected Serum reactions:
1. Immunodeficient patients may not produce detectable levels of anti-A and anti-B; 

infants do not make these antibodies and they may be weak in the elderly.

2. High titers of anti-A or anti-B may result in the prozone effect (when there is 
excess of either antigen or antibody, resulting in the inability to form large antigen- 
antibody complexes required for visual agglutination) which can be resolved by 
diluting the plasma or treating it with EDTA.

3. Anti-A1 in the plasma of A2 or A2B individuals agglutinates A1 RBCs. This can be 
resolved by using A2 RBCs (with control group O and A1 RBCs) and testing patient 
RBCs with Dolichos biflorus lectin to demonstrate that the patient is a non-A1 
subgroup.

4. strongly reactive cold-reacting antibodies (autoantibodies or alloantibodies) can 
agglutinate reagent RBCs. For autoantibodies (for example, anti-I or anti-IH), warm 
the plasma and reagent RBCs to 37°C and continue testing at this temperature, remove 
the autoantibody by cold autoadsorption, or treat the serum with DTT to destroy the 
IgM autoantibody. For alloantibodies (for example, anti-P1 or anti-M), identify the 
alloantibody, test the reagent RBC to determine if it carries the corresponding antigen, 
obtain RBCs that lack the corresponding antigen and use those for testing, raise the 
temperature of the reaction, or repeat testing on several A1 and B RBCs.

5. Patients with abnormal concentrations of serum proteins, altered serum protein 
ratios, or who have received high molecular weight plasma expanders can aggre-
gate reagent RBCs, mimicking agglutination. These reactions appear as rouleaux or 
irregularly shaped clumps. They can be corrected by diluting the plasma in saline or 
using a saline replacement method.

genotyping: RBC genotyping can be used to resolve typing discrepancies. The abil-
ity accurately to determine an individual’s antigen status eliminates the use of group 
O RBCs and AB plasma for transfusion in the situation of ABO typing discrepancy or 
the loss of a component in the donor setting because of the inability to appropriately  
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label it. genotyping can aid in the differentiation between subgroup alleles and 
acquired weakened agglutination, and allows for proper ABO identification of both 
donors and patients.
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The Rh blood group system (C, c, E, e, D, and other antigens) is second to the AbO 
system in clinical importance because the Rh antigens, especially D, are highly immu-
nogenic and the corresponding antibodies can result in hemolytic transfusion reac-
tions (HTR) and hemolytic disease of the fetus and newborn (HDFN). The Rh family 
of proteins is involved in ammonia/ammonium transport, but the specific function of 
RhCE and RhD proteins has yet to be determined. Extensive reviews of the Rh blood 
group system have been published (see Recommended reading).

Antigens: The Rh system has at least 45 antigens, most notability C, c, E, and e anti-
gens, which are carried on the RhCE protein encoded by the RHCE gene, and the D 
antigen on the RhD protein encoded by the RHD gene (Table 23.1). The RHD and 
RHCE genes are 96% homologous and are adjacent to one another on chromosome 
1; a third gene RHAG is 47% homologous to the other RH genes (Figure 23.1). The 
Rh antigens are carried on hydrophobic 12-pass transmembrane proteins. The RhAg 
protein does not carry Rh antigens, but is important for bringing the RhD and RhCE 
proteins to the membrane. Lack of RhAg results in the absence of Rh antigen expres-
sion (Rh null phenotype) or marked reduction of Rh antigen expression (Rh mod 
phenotype). The Rh and RhAg proteins are associated in the membrane and form 
the Rh core complex, which interacts with other proteins such as CD47, glycophorin 
b, LW, and possibly AE1/band 3. The complex is linked to the membrane skeleton via 
Rh/RhAg-ankrin interaction and CD47-protein 4.2 association.

Table 23.1 Nomenclature and prevalence of Rh haplotypes

Haplotype  
based on 
antigens  
present

Shorthand  
for Haplotype

prevalence (%)

White
african  
american asian

DCe R1 42 17 70

Dce R2 14 11 21

Dce R0 4 44 3

DCe Rz  0.01  0.01 1

ce r 37 26 3

Ce r’ 2 2 2

ce r’’ 1  0.01  0.01

Ce ry  0.01  0.01  0.01

Modified from Hillyer CD, strauss Rg, Luban NLC (eds). (2004). Handbook of 
Pediatric Transfusion Medicine. san Diego, CA: Elsevier Academic press.
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D antigen: It is the presence or absence of the D antigen that confers the Rh-posi-
tive or Rh-negative status used in lay and scientific parlance. In the Us, 85% of the 
general population is D positive (Rh positive) and 15% is D negative (Rh negative). 
Most individuals, especially of European descent, who are D negative (known as Rh 
negative) do not carry the RHD gene. The D-negative phenotype can also occur as 
a result of various mutations in the RHD gene, including premature stop codons,  
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C/c (Ser/Pro)
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E/e (Pro/AIa)
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Figure 23.1 predicted 12-transmembrane domain model of the RhD, RhCE and RhAg proteins in the 
red blood cell membrane.The amino acid differences between RhD and RhCE are shown as symbols. The 
eight extracellular differences between RhD and RhCE are indicated as open circles. The nails represent  
the location of possible palmitoylation sites. positions 103 and 226 in RhCE that are critical for C/c and E/e 
expression, respectively, are indicates as gray circles. The N-glycan on the first extracellular loop of the  
Rh-associated glycoprotein is indicated by the branched structure.From Hillyer CD, silberstein LE, Ness pM 
et al. (eds). (2007). Blood Banking and Transfusion Medicine: Basic Principles and Practice, 2nd edition.  
san Diego, CA: Elsevier Academic press.



Rh�Blood�group�System� 125
insertions, RHD/RHCE hybrids, or other mutations. Most Asian D-negative individu-
als have a mutant RHD gene, while African American individuals usually either have a 
premature stop codon or hybrid genes.

Weak D: This term is applied to RbCs that carry weak (low antigen concentration) 
forms of D (formerly Du). Weak D cannot be detected using direct agglutination with 
anti-D reagents at room temperature, but can be identified after prolonged incuba-
tion with the anti-D reagent or with the use of antiglobulin (AHg; with appropri-
ate controls). If a patient has a positive direct anti-human globulin test (DAT), a false 
positive weak D test can result. The use of monoclonal anti-D reagents and improved 
polyclonal reagents, or monoclonal/polyclonal blends, has resulted in routine detec-
tion of D-positive RbCs that would have previously been considered weak D with less 
sensitive polyclonal reagents. Monoclonal reagents may result in direct agglutination 
of epitopes that previously required more sensitive test methods or failed to react.

The molecular basis of weak-D expression varies (over 50 mutations have been 
reported) and includes a variety of point mutations which are in the intracellular or 
transmembrane regions and not the outer surface of the RbC. Weak D can also result 
from the weakening of the D antigen expression by RHC gene in trans to the RHD 
gene (phenotype Dce/Ce). A very weak and rare form of D, Del, detected by adsorp-
tion and elution of anti-D, is more prevalent in Hong Kong Chinese and Japanese 
than white individuals.

Weak D is less immunogenic than normal D-positive RbCs, but cases of anti-D stim-
ulation are reported. Therefore, weak D components are labeled as D positive. patients 
with weak D usually can receive D-positive RbCs without risk of immunization, but if 
the weak D expression is secondary to the partial-D phenotype (see below), then the 
patient may become immunized against D. Current licensed anti-D reagents detect most 
patients with weak D at direct agglutination. The few patients who require antiglobulin 
testing in order to demonstrate its presence can receive D-negative components without 
a problem. In contrast to donors, patient samples do not need to be tested for weak D.

partial D: Individuals with partial D (previously termed D mosaic or D variant) lack 
a portion of the D protein, and when exposed to the D antigen on transfused RbCs 
can produce alloantibodies to the missing portion of D. Current D typing reagents in 
use in both donor centers and transfusion services may have difficulty in determining 
the partial D phenotypes. Typing of partial D individuals can result in strong, variable 
or weak expression of D. patient typing is usually performed with an IgM monoclonal 
anti-D reagent that does not detect, in the direct phase, DVI, which is the most com-
mon form of partial D in whites. There are many partial D phenotypes (also known 
as D categories) which have arisen as a result of nucleotide exchange between RHCE 
gene and the RHD gene or from single-point mutations in RHD. The mutations are in 
the extracellular portion of the protein. Individuals who have the partial- D phenotype 
benefit from receiving D-negative RbCs for transfusion and potentially benefit from 
Rh immune globulin (RhIg) prophylaxis. In practice, these individuals are frequently 
typed as D positive and are recognized only after they form an anti-D alloantibody.

C/c and e/e antigens: C and c differ by six nucleotide substitutions causing  
four amino acid changes. Only the ser103pro polymorphism strictly correlates with  
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C/c antigenicity, while pro102 is critical to the c antigen. E and e differ by one nucleotide 
substitution, resulting in one amino acid difference.

g antigen: The g antigen is expressed on both RhD and RhC proteins, and results 
from a serine at position 103.

V and VS antigens: These low-frequency antigens are expressed on the red blood 
cells of ~30% of African Americans, and result from an amino acid substitution in the 
Rhce protein.

Variation in e antigens: Individuals of African descent often have RHce genes that 
encode variant e antigens. These individuals’ RbCs phenotype as e positive, but they 
form alloantibodies with e-like specificities, such as anti-hrs, -hrb, -RH18 and -RH34. 
Multiple molecular backgrounds are responsible for these phenotypes, resulting in vari-
ation in the antibodies formed, which makes it difficult to find compatible RbC com-
ponents for these patients. sometimes only D  RbCs are compatible, but these Rhce 
variants can be inherited with partial D, so these individuals can also form anti-D.

rh-null: Rh-null RbCs lack expression of Rh antigens, are stomatocytic and sphe-
rocytic, and affected individuals have variable degrees of anemia. The regulator type is 
caused by mutations in the RHAG gene so they have no Rh or RhAg proteins, and the 
amorph type is caused by mutations in the RHCE gene on a deleted RHD background 
so they have no Rh proteins and reduced RhAg proteins.

D typing Discrepancies: In general, D reagents are configured differently for 
blood centers and for transfusion services, in order to determine weak D phenotypes 
as being D positive in the case of donors, and to show partial D phenotypes as D neg-
ative in recipients. Different typing reagents, which usually are blends of monoclonal 
anti-D antibodies, will type variant D phenotypes differently. Therefore, individuals 
may have discrepancy in their D type depending on the reagent used (e.g. an individ-
ual may type as D negative in one center and D positive in another center which uses 
an alternate reagent).

rH genotyping: RH genotyping can be helpful in predicting the Rh phenotype of 
donors and patients. Currently, genotyping is not routinely available in the Us and has 
not been approved by the FDA as a release test.

situations where genotyping is useful include:
l patients who have been recently transfused.
l Igg-coated RbCs, which may make RbC phenotyping reagents suboptimal.
l In the prenatal setting, to determine the Rh status of a fetus at risk for HDFN 

due to an antibody against a Rh antigen. Fetal DNA can be provided through 
chorio- and amniocentesis, or extracted from the maternal plasma.

l Where there are D typing discrepancies or determination of the presence of weak 
D type, partial D category, or Del.

l For determination of antibody specificity and identification of appropriate RbC 
components for transfusion.

Expression: Rh proteins are restricted to erythroid and myeloid cells. The expres-
sion of Rh proteins occurs most actively during late erythropoiesis.
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Antibodies: Most Rh antibodies are Igg (some have an IgM component) and are 
clinically significant, causing both HTRs and HDFN. Approximately 20% of D nega-
tive individuals who are exposed to D-positive RbC components in the hospital set-
ting (primarily emergency room, operating room, intensive care unit and medicine 
ward) will form anti-D, which is in contrast to healthy male volunteers, 80% of whom 
can form anti-D after receiving as little as 0.5 ml of transfused D-positive RbCs. In 
the maternal setting, AbO-incompatibility between the mother and fetus has a partial 
protective effect on the mother forming anti-D, as the incompatible and D positive 
cells are rapidly removed by the antithetical isohemagglutinin. Anti-D and anti-c can 
cause severe HDFN, while anti-C, anti-E and anti-e usually cause no or mild HDFN.

autoantibodies: Many autoantibodies in patients with warm autoimmune hemo-
lytic anemia have specificity that appears to be directed towards a Rh antigen, most 
notably e. However, transfused antigen negative RbCs rarely survive better than anti-
gen positive RbCs.

recommended reading
Avent ND, Reid ME. (2000). The Rh blood group system: a review. Blood 95, 375–387.
Flegel WA. (2006). How I manage donors and patients with a weak D phenotype. Curr 

Opin Hematol 13, 476–483.
Lowmas-Francis C, Reid ME. (2000). The Rh blood group system: the first 60 years of 

discovery. Immunohematology 16, 7–17.
Westhoff CM. (2007). Rh complexities: serology and DNA genotyping. Transfusion 

47, 17s–22s.
Yazer M, Triulzi DJ. (2007). Detection of anti-D in D recipients transfused with D 

red blood cells. Transfusion 47, 2197–2201.
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The Kell (K [Kell], k [Cellano], Kpa, Kpb, K0, Jsa, Jsb and other low- and high- 
frequency antigens) and Kidd (Jka and Jkb) blood group system antigens are carried 
on red blood cell (RbC) membrane glycoproteins. Antibodies to the Kell and Kidd 
blood group system antigens can cause hemolytic transfusion reactions (HTR) and 
hemolytic disease of the fetus and newborn (HDFN). Therefore, these are considered 
to be highly clinically significant.

Kell blood group system: The Kell blood group system contains over 25 anti-
gens, but the major antigens are K (K1 [Kell]) and k (K2 [Cellano]). The Kell pro-
tein is a glycoprotein which is a zinc endopeptidase. It contains multiple intrachain 
disulfide bonds, and therefore is destroyed by reducing agents such as dithiothrei-
tol (DTT). The KEL gene coding for the Kell protein is located on chromosome 7. 
Another protein, Kx, is essential for the expression of Kell system antigens. Kx, which 
has its locus on the X chromosome (XK), is linked by a disulfide bond to the Kell 
protein. This interaction shields the Kx protein such that anti-Kx does not react with 
RbCs that carry normal expressing Kell antigens. Individuals who lack Kx have the so-
called McLeod phenotype, which is characterized by a marked reduction of the Kell 
antigens, anemia, and neuromuscular abnormalities (see below).

Antigens: A variety of nucleotide mutations that cause single amino acid substitu-
tions in the K protein give rise to the majority of Kell antigens. There are five sets of 
high- and low-incidence antithetical antigens (K and k; Kpa, Kpb, and Kpc; Jsa and 
Jsb, K11 and K17, and K14 and K24 [high-incidence antigens denoted by bold]), in 
addition to other low- and high-incidence antigens (Table 24.1, Figure 24.1). K0, a 
phenotype that lacks Kell antigens, results from an assortment of mutations, including 
nucleotide deletion, defective splicing and premature stop codons. Weak expression of 
Kell antigens results in “Kell-mod” phenotypes.

McLeod phenotype: The McLeod phenotype arises through deletions and muta-
tions of the XK locus, resulting in depressed expression of the Kell system antigens in 
addition to decreased RbC survival, deformability, and permeability to water, as well 
as acanthocytic morphology. Individuals with the McLeod syndrome, which has been 
reported in approximately 60 males, have the above RbC defects along with muscular 
and neurological defects, including skeletal muscle wasting, seizures, and cardiomy-
opathy with symptoms developing after the fourth decade of life. This phenotype has 
been found in individuals with chronic granulomatous disease, which results from a 
deletion of the X chromosome that includes both the XK and the X-CGD loci.

Expression: The Kell system antigens appear to be erythroid specific, and are most 
actively expressed very early during erythropoiesis. Kx, in contrast, is found in muscle, 
heart, brain and hematopoietic tissue.
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Table 24.1 Kell blood group system phenotypes and prevalence

prevalence (%)

phenotype White African American

Kk 91                 98

Kk 8.8                 2

Kk 0.2                 Rare

Kp(ab) Rare                 0

Kp(ab) 97.7                 100

Kp(ab) 2.3                 Rare

Kp(abc) 0.32 Japanese                 0

Js(ab) 0                 1

Js(ab) 100                 80

Js(ab) Rare                 19

Modified from Hillyer CD, strauss Rg, Luban NLC (eds). (2004). Handbook of Pediatric 
Transfusion Medicine. san Diego, CA: elsevier Academic press.
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Antibodies: because the K antigen is strongly immunogenic, anti-K is frequently 
formed in K-negative individuals who are exposed to K-positive RbCs. Rare cases of 
naturally occurring anti-K have been reported, but most anti-K alloantibodies are 
identified in individuals who have received RbC transfusion or have been pregnant. All 
other Kell system antibodies also result from RbC exposure. Anti-K and other antibod-
ies to the Kell system antigens (including anti-Kpa, anti-Kpb, anti-Jsa, and anti-Jsb) can 
produce HTRs, both immediate and delayed, and HDFN. Neither maternal antibody 
titer nor amniotic fluid bilirubin levels are good predictors of the severity of HDFN. 
because Kell antigens are expressed very early during erythropoiesis, anti-Kell anti-
bodies can cause destruction of RbC precursor cells and thus clinically can suppress 
erythropoiesis. Therefore, these antibodies may result in anemia without hemolysis and 
elevated bilirubin.

K0 individuals form anti-Ku, individuals with the McLeod phenotype with CgD 
make anti-Kx and anti-Km, while individuals with the McLeod phenotype without 
CgD make anti-Km.

Kidd blood group system: The Kidd blood group system has two antigens, Jka 
and Jkb, that are encoded by HUT11 on chromosome 18. The Kidd protein is a urea 
transporter. Jk-null individuals have a reduced capacity to concentrate urine and their 
RbCs are more resistant to lysis by 2 M urea, but they display no other abnormalities.

Antigens: Jka and Jkb result from a single amino acid substitution leading to three 
common phenotypes (Jk(ab), Jk(ab), and Jk(ab); Table 24.2, Figure 24.2). 
The final phenotype, Jk(ab), or null phenotype, is rare in whites and African 
Americans, but is found with increased prevalence in Asian and polynesian individu-
als. The null phenotype arises from either a silent allele or inheritance of a dominant 
inhibitor gene, In(Jk).

Table 24.2 Kidd blood group system phenotypes and prevalence

prevalence (%)

phenotype White African American

Jk(ab)    26              52

Jk(ab)    23              8

Jk(ab)    50              40

Jk(ab)    Rare              Rare

Modified from Hillyer CD, strauss Rg, Luban NLC (eds). (2004). Handbook of Pediatric 
Transfusion Medicine. san Diego, CA: elsevier Academic press.

Expression: Kidd antigens are detected at 11 weeks gestation, and are well devel-
oped at birth. These antigens are also expressed on endothelial cells of vasa recta in 
the medulla of the human kidney.

Antibodies: Antibodies to the Kidd blood group system are not common, and are 
usually found in sera containing other antibodies. because their titer often decreases 
below the limit of detection, they often react weakly, they may become undetectable 
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during storage, and they may react with only homozygous cells (show dosage), anti-
Kidd antibodies can be difficult to identify. For these reasons, Kidd antibodies are 
responsible for about one-third of all delayed hemolytic transfusion reactions, which 
may be severe. The antibodies are mainly Igg, but can be partially IgM. Kidd antibod-
ies rarely cause HDFN, and when they do it is not severe. Anti-Jk3 (also known as 
anti-Jkab) can be produced by Jk(ab) individuals.

recommended reading
storry JR, Olsson ML. (2004). genetic basis of blood group diversity. Br J Hematol 

126, 759–771.
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FigurE 24.2 predicted ten-transmembrane domain structure of the Kidd/urea transporter. The 
polymorphism responsible for the Kidd antigens and the site for the N-glycan are indicated. From  
Hillyer CD, silberstein Le, Ness pM et al. (eds). (2007). Blood Banking and Transfusion Medicine: Basic 
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The MNS blood group system consists of the antigens M, N, S, s and U, which are 
determinants on glycophorins A and b. Antibodies to these antigens can be clinically 
significant, especially anti-S, anti-s, and anti-U, while anti-M is rarely clinically sig-
nificant and anti-N is not clinically significant. The Duffy blood group system consists 
of the Fya, Fyb, Fy3 and Fy6 antigens carried on the erythrocyte chemokine recep-
tor known as the Duffy Antigen Receptor for Chemokines (DARC, also known as 
CD234). Antibodies to the Duffy antigens are clinically significant.

MNS blood group System: The MNS blood group system contains 43 antigens; 
the major ones being M, N, S, s and U, while the others are low-frequency antigens 
resulting from either amino acid substitutions or rearrangements between GYPA and 
GYPB (Table 25.1, Figure 25.1). The M and N antigens are located on glycophorin A 
(GYPA), while the S and s antigens are located on glycophorin b (GYPB). The genes 
for GYPA and GYPB are adjacent to each other on chromosome 4, and both encode 
single pass membrane sialoglycoproteins.

Table 25.1 MNS blood group System phenotypes and prevalence

Prevalence (%)

Phenotype White African American

M  N  S  s    6 2

M  N  S  s  14 7

M  N  S  s  10 16

M  N  S  s    4 2

M  N  S  s  22 13

M  N  S  s  23 33

M  N  S  s    1 2

M  N  S  s    6 5

M  N  S  s  15 19

M  N  S  s    0 0.4

M  N  S  s    0 0.4

M  N  S  s    0 0.7

Modified from Hillyer CD, Strauss Rg, Luban NLC (eds). (2004). Handbook of Pediatric 
Transfusion Medicine. San Diego, CA: elsevier Academic Press.
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Manual, 15th edition. bethesda, MD: AAbb Press.

Antigens: The M and N antigens are the products of allelic genes, and as such are 
antithetical; N differs by two amino acids from the M antigen. The M and N antigens 
are sensitive to ficin, papain, trypsin and pronase, with variable sensitivity to sialidase 
(Figure 25.1 shows the proposed cleavage sites), which can aid in antibody identifica-
tion (see Chapter 20). The S antigen is antithetical to the s antigen; the s antigen dif-
fers by only one amino acid from the S antigen. The S and s antigens are sensitive to 
-chymotrypsin and pronase, with variable sensitivity to ficin, papain and pronase. 
The U antigen represents a conserved sequence of glycophorin b. The U phenotype 
is seen in individuals with deletions of glycophorin b (SsU). Additional null 
phenotypes in the MNS system include en(a), which lacks the MN antigens, and 
MkMk, which lacks both MN and Ss antigens.

glycophorin A is a receptor (for bacteria, viruses and Plasmodium falciparum), a 
chaperone for band 3 transport to the red blood cells (RbC) membrane, the major 
component contributing to the negatively-charged RbC glycocalyx, and may function 
as a complement regulator. However, the rare null phenotypes are not associated with 
any apparent health defects.

expression: Cord RbCs express MNS blood group system antigens. These antigens 
are also expressed on renal endothelium and epithelium.

Antibodies: Anti-M is primarily IgM, but may have an Igg component. Anti-M 
reactivity at 37°C has rarely been associated with hemolytic transfusion reactions and 
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hemolytic disease of the fetus and newborn (HDFN), and therefore patients with anti-
M reactive at 37°C should be transfused with RbCs that are crossmatch compatible  
in the antiglobulin phase and should be assessed for the risk of HDFN. Anti-N is pri-
marily IgM, and has not been associated with hemolytic transfusion reactions or 
HDFN. Anti-M and anti-N are typically naturally occurring alloantibodies, which do 
not require previous RbC antigen exposure for formation, and show a dosage effect 
(reacting to RbCs with a double dose of antigen more strongly than to those with a 
single dose of antigen). In contrast, anti-S, anti-s and anti-U are Igg antibodies that are 
formed in response to RbC stimulation and are associated with hemolytic transfusion 
reactions and HDFN. In addition, anti-ena is usually Igg, and may cause transfusion 
reactions or HDFN.

Autoantibodies with apparent M, N, S, s or U specificity are observed rarely. An 
autoanti-N has been found in patients on dialysis when equipment was sterilized with 
formaldehyde (anti-Nf).

Duffy blood group System: The protein containing the Duffy antigens is a mul-
tipass transmembrane glycoprotein with a protruding glycosylated amino terminal 
region (Figure 25.2). The antigens show a dosage effect, meaning there are twice as 
many Fya antigens on RbCs from an individual who is homozygous for the Fya allele 
than on RbCs from an individual who is heterozygous. The Duffy antigen frequency 
varies significantly between racial groups.
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Figure 25.2 The predicted seven-transmembrane domain structure of the Duffy protein. The amino 
acid change responsible for Fya/Fyb polymorphism, the mutation responsible for Fyx glycosylation sites and 
the regions where Fy3 and Fy6 map are indicated. From Hillyer CD, Silberstein Le, Ness PM et al. (eds) 
(2007). Blood Banking and Transfusion Medicine: Basic Principles and Practice, 2nd edition. San Diego, CA: 
elsevier Academic Press.
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Antigens: Fya and Fyb antigens differ by a single amino acid, are encoded by two 
alleles, FYA and FYB, and are responsible for the phenotypes Fy(ab), Fy(ab), 
and Fy(ab) (Table 25.2). The Fyx antigen results from weak expression of Fyb, is 
found in whites, and is due to a single mutation in the FYB gene. The Fy(ab) phe-
notype found in African Americans is caused by a mutation in the promoter region of 
FYB, which disrupts a binding site for the erythroid transcription factor gATA-1 and 
results in the loss of Duffy expression on RbCs, but not its expression on endothelium. 
Fy(ab) individuals, who express no Duffy glycoprotein, form anti-Fy3, which reacts 
with all RbCs except Fy(a–b–) RbCs. Fya and Fyb (but not Fy3) antigens are sensitive to 
proteolytic enzyme treatment.

Table 25.2 Duffy blood group System phenotypes and 
prevalence

Prevalence (%)

Phenotype White African American

Fy (ab)    17   9

Fy (ab)    34 22

Fy (ab)    49   1

Fy (ab) Rare 68

Fyx     1.4   0

Modified from Hillyer CD, Strauss Rg, Luban NLC (eds). (2004). Handbook 
of Pediatric Transfusion Medicine. San Diego, CA: elsevier Academic Press.

The FY gene encodes an erythrocyte chemokine receptor (DARC; CD234), which is 
postulated to scavenge excess chemokines released in the circulation. Chemokines are 
chemotactic cytokines that attract white blood cells to sites of inflammation. DARC is 
known as a promiscuous chemokine receptor, because it binds chemokines from both 
the C-X-C (which includes IL-8) and C-C (which includes RANTeS and monocyte 
chemotactic protein-1) classes. The Fy3 antigen is the receptor for the malarial para-
sites Plasmodium vivax and P. knowlesi; thus individuals who have Fy(ab) RbCs 
are resistant to infection by these malarial organisms.

expression: The Duffy antigens are detected as early as 6–7 weeks’ gestation, and are 
well developed at birth. Duffy antigens are expressed on endothelial cells, postcapillary 
venules of the kidney, spleen, heart, lung, muscle, duodenum, pancreas and placenta, 
and Purkinje cell neurons in the brain.

Antibodies: Duffy antibodies are almost always Igg, rarely IgM (which binds 
complement), and result from RbC stimulation. Anti-Fya may cause mild to severe 
hemolytic transfusion reactions and HDFN. Fyb is a poor immunogen, and therefore 
anti-Fyb is rarely formed; when anti-Fyb is present, it rarely causes transfusion reac-
tions or HDFN.
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C H A P T E R  26
The antigens in the Lewis (Lea, Leb), I (I, i), P (P1, P2), and gLOb (P, Pk, LKE) 
blood group systems are composed of terminal carbohydrate moieties added to pro-
tein (glycoproteins) and/or lipid (glycolipids) backbones in a configuration similar 
to that of the AbO antigens. some of these antigens are expressed on tissues, and in 
some individuals soluble forms can be found in secretions and excretions.

Lewis blood group system: Lea and Leb antigens are synthesized by two inde-
pendent fucosyltransferases (Figure 26.1). The corresponding antibodies are usually not 
of clinical significance.

Antigens: Lewis antigens (Lea and Leb) are not intrinsic to the red blood cell (RbC) 
membrane, but are synthesized by intestinal epithelial cells, circulate in the plasma 
either free or bound to liporoteins, and are then passively adsorbed onto the RbC mem-
brane. Lea and Leb are synthesized in a stepwise fashion by two separate fucosyltrans-
ferases (enzymes which add fucose) acting on type I glycoprotein chains; these enzymes 
are encoded by the Se(FUT2) and LE(FUT3) genes, which are preferentially expressed 
in epithelial cells, located on chromosome 19; H(FUT1) gene, which is preferentially 
expressed in erythroid cells, places a fucose on type 2 glycoproteins to form the H anti-
gen on RbCs, which is also on chromosome 19.

The LE product adds fucose to type 1 precursors creating Lea, resulting in the 
Le(ab) phenotype in individuals who carry LE but not Se gene. Individuals who 
carry the Se gene and the LE gene add a second fucose which converts the Lea to Leb, 
resulting in the Le(ab) phenotype. Individuals who do not carry LE are Le(ab) 
regardless of the presence of the Se gene.

Individuals who carry the Se gene are termed AbO secretors, because they can 
form the H antigen on type 1 glycoproteins which are produced in epithelial cells and 
whose products reside on mucins in secretions, and subsequently can produce A and 
b antigens (given the presence of the appropriate transferases) in the secretions.

Individuals who have reduced activity of the second fucosyltransferase (Sew) have 
weak expression of both Lea and Leb, and are termed partial secretors; this phenotype 
is principally found in Taiwanese individuals (Table 26.1).

Expression: Lewis antigens are not present on cord RbCs. Lea appears prior to 
Leb, and usually within the first few months of life. The Lewis antigens do not reach 
adult levels until six years of age. Prior to that age, the Le(a b) phenotype is 
not uncommon in individuals who will later become Le(a b). Lewis antigen lev-
els on RbCs are often diminished during pregnancy and various diseases; the dimin-
ished antigens on RbCs are likely secondary to changes in the endothelial secretion 
or changes in the lipoprotein content in the plasma. Lewis antigens are also adsorbed 
onto platelets, lymphocytes and other tissues, as well as RbCs.
139
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Antibodies: Antibodies to the Lewis antigens are primarily IgM, naturally occur-
ring (present without previous exposure to antigen-positive RbCs), and not usually 
clinically significant. Rare cases of hemolytic transfusion reactions secondary to Lewis 
antibodies have been reported, more commonly due to antibodies against Lea than 
Leb. Lewis antibodies are usually not hemolytic because the antibody does not react at 
37°C. Furthermore, Lewis antigens in the donor’s plasma neutralize the antibody, and 
the Lewis antigens elute from RbCs into the plasma. Patients with Lewis antibodies 
may be transfused with RbCs that are crossmatch-compatible at 37°C. Lewis antibod-
ies are of the IgM class, and thus do not cause hemolytic disease of the fetus and new-
born because they are not able to cross the placenta. In addition, Lewis antigens are 
not present on fetal RbCs, as above.

Ii antigens: I and i antigens, which are reciprocal to each other (meaning the I anti-
gen is synthesized from the i antigen by the action of a transferase), are on the same 
carbohydrate chains that carry RbC AbO antigens (Figure 26.2). The corresponding  

Table 26.1 lewis blood group phenotypes and prevalence

Prevalence (%)

Phenotype White African American Asian

le(a b) 72 55 72

le(a b) 22 23 22

le(a b)   6 22   6

le(a b) Rare Rare   3

Modified from Hillyer CD, strauss Rg, Luban NLC (eds). (2004). Handbook of 
Pediatric Transfusion Medicine. san Diego, CA: Elsevier Academic Press.
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antibodies are most commonly benign autoantibodies; rare individuals with the i  
phenotype can form an alloanti-I antibodies which are only rarely hemolytic.

Antigens: The I and i antigens differ in their branching structure. The i antigen is 
found predominantly on fetal and infant RbCs, where a disaccharide unit (lactosas-
amine) is linked in a straight chain. During the first six years of life, increased expres-
sion of an acetyl glucosamine transferase, encoded by the IGnT(GCNT2) gene, results 
in increased branching of the carbohydrate structure, leading to the formation of the  
I antigen. Therefore, the formation of I antigen is at the expense of the i antigen (hence 
the term reciprocal for the I and i antigens).

In some adults the i antigen is not converted into the branched chain I antigen  
secondary to mutations in the IGnT gene, leading to lack of transferase activity and 
the rare i (“adult little i”) phenotype.

Expression: Newborns have predominately i expression, while adults have pre-
dominantly I antigen. Adult RbCs vary in the amount of I antigen expressed. The Ii 
antigens are found on the surface of most cells and on soluble glycoproteins in saliva, 
plasma and other fluids, and therefore they are known as histo-blood group antigens.

Antibodies:

Autoantibodies: Cold agglutinins are IgM autoantibodies that react optimally in the 
cold (4°C) with RbCs and are present in sera of all adults at low titers. When these anti-
bodies react at room temperature they can interfere with pre-transfusion testing, which 
can usually be circumvented by prewarming the reactions. Usually these antibodies are 
benign; rarely these antibodies, when they are high titer (1 : 1000) and react at body 
temperature (37°C), can result in hemolytic anemia (termed cold agglutinin disease).

Cold agglutinin disease (CAD) can be transient (also referred to as secondary) as a 
result of an infection, or chronic (also referred to as primary or idiopathic) as a result 
of clonal b-cell expansion. The antigen specificities of the IgM autoantibody include 
anti-I (most commonly), anti-i, and anti-Pr (rarely; anti-Pr can be Igg or IgA). Cold 
agglutinins can be secondary to viral and bacterial infections. Mycoplasma pneumoniae 
infection is associated with CAD secondary to anti-I, and infectious mononucleosis is 
associated with CAD secondary to anti-i. The pathogenesis of the autoantibody for-
mation is unknown; theories include (1) immune dysfunction, (2) antigens sharing 
between the infectious agent and RbC (known as antigen mimicry), and (3) infection-
induced antigenic changes resulting in increased antigenicity.

Alloantibodies: Adults with the i phenotype typically make anti-I, which is usu-
ally IgM and only active at low temperatures ( 32°C). Rare examples of hemolytic 
alloanti-I have been reported which have demonstrated activity and thus a thermal 
range to 37°C.

Anti-IH: Anti-IH, which is an autoantibody most commonly seen in group A1 (less 
commonly group Ab) individuals, agglutinates RbCs carrying both H and I determi-
nants (i.e. adult group O RbCs which carry the I antigen and the most amount of the 
H antigen). The I and H antigens are carried on the same glycoproteins and glyocolip-
ids. Autoanti-IH is usually not clinically significant, but hemolytic transfusion reactions 
resulting from it have been reported, usually when it is reactive at 37°C.
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P and gLOb blood group systems: The P (P1, P2) and gLOb (P, Pk, LKE) anti-
gens are defined by sugars added to precursor glycosphingolipids (Figures 26.3 and 
26.4). Their synthesis occurs by sequential addition of monosaccharides to the precur-
sor molecule by glycosyltransferases. Two separate synthetic pathways act on a single 
precursor (lactosylceramide).

Gal�(1-4)Glc-CERAMIDE (Lactosylceramide)

?
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FigurE 26.3 biosynthyesis of the P1, Pk, P and LKE antigens. glu, glucose; Cer, ceramide. From Hillyer 
CD, silberstein LE, Ness PM et al. (eds) (2007). Blood Banking and Transfusion Medicine: Basic Principles 
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Antigens: In the first pathway, lactosylceramide is converted to Pk (globotriosylce-
ramide; CD77), which is then converted to P (globoside) by a second enzyme, which 
adds acetylgalactosamine and is encoded by the P gene. The P antigen is found on the 
majority of RbCs, except for the rare p phenotype, which lacks CD77 and therefore 
cannot synthesize Pk, and the rare Pk phenotype, which lacks the P gene and therefore 
cannot synthesize P. LKE is formed when first galactose is added, forming galactosyl-
globoside, and then sialic acid is added to the P antigen.
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In the second pathway, lactosylcermaide is converted to P1 by the addition of a galac-
tose. The absence of P1 results in the P2 phenotype (i.e. P2 is the null-phenotype of P1). 
The prevalence of the P1 phenotype is 80% in whites and 96% in African Americans.

The P antigen is the receptor for the b19 parvovirus, which causes erythema infec-
tiosum (fifth disease) and occasionally more severe disease, such as RbC aplasia. 
Individuals with the p phenotype lack P and Pk, and are therefore resistant to parvovirus  
b19 infection.

Expression: P1 expression is weaker in children, and does not reach adult levels 
until approximately seven years of age. Individuals show varied P1 expression. P1 is 
also expressed on lymphocytes, granulocytes and monocytes and in a wide variety of 
organisms.

Antibodies:

Anti-P1: P1-negative individuals frequently form anti-P1, which is a cold-reactive IgM 
antibody, and usually naturally occurring. It does not cross the placenta, and therefore 
does not result in hemolytic disease in the fetus and newborn. It has, rarely, been reported 
to cause hemolytic transfusion reactions, and in those cases the antibody shows reactivity 
up to 37°C. Anti-P1, as well as anti-Pk, can be neutralized with P1 substance, hydatid cyst 
fluid (Echinococcus cyst fluid) or pigeon egg white.

Autoanti-P: Paroxysmal cold hemoglobinuria (PCH) is a rare autoimmune hemo-
lytic anemia that typically occurs in young children following a viral infection. These 
children have a biphasic Igg antibody, termed the Donath-Landsteiner antibody  
(usually of anti-P specificity). The term biphasic antibody is used because the anti-
body binds to the RbCs at low temperature, but RbC lysis does not occur until the 
RbC with the antigen–antibody complex warms up. The Donath-Landsteiner test is 
used to diagnose PCH; a positive test result is when hemolysis does not occur if the 
specimen is keep at 4°C or 37°C, but occurs only when the specimen is first placed at 
4°C and then warmed to 37°C.
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c H a P T E R  27
This chapter will discuss blood group systems, collections, and low- and high- 
frequency antigens which are not discussed in other chapters (Figure 27.1). an exhaus-
tive list of all red blood cell (Rbc) antigens is beyond the scope of this book.

The International society of blood Transfusion (IsbT) has classified Rbc antigens 
within systems and collections, and as low-frequency and high-frequency antigens. Per 
IsbT, a blood group system “consists of one or more antigens controlled at a single gene 
locus, or by two or more very closely linked homologous genes with little or no observ-
able recombination between them.” collections “consist of serologically, biochemically 
or genetically related antigens, which do not fit the criteria required for system sta-
tus.” Low-frequency antigens have “an incidence of less than 1% and which cannot be 
included in a system or collection,” while high-frequency antigens have “an incidence of 
greater than 90% and cannot be included in a system or collection.”

Blood group systems:

Chido/Rogers blood group system: The chido (ch) and Roger (Rg) antigens 
are high-incidence antigens present on the isotypes (c4a carries ch and c4b carries 
Rg) of the 4th component of complement (c4), which serves as a platform for inter-
action of the antigen–antibody complex and the complement proteins. These antigens 
are absorbed onto the Rbc from the plasma, and can be destroyed by papain and ficin 
treatment. antibodies to ch and Rg are usually clinically insignificant, and can be 
neutralized by plasma from antigen-positive individuals.

Colton blood group system: The colton blood group antigens reside on the Rbc 
water channel protein aquaporin-1 (aQP-1), which may also serve as an ion channel. 
The colton system consists of coa (a high-incidence antigen), cob (a low-incidence 
antigen) and co3 (which is a product of either coa or cob antigen). antibodies to the 
colton system are rare, but have been implicated in hemolytic transfusion reactions 
(HTR) and hemolytic disease of the fetus and newborn (HDFN).

Cromer blood group system: There are ten antigens in the cromer system; seven 
are high incidence ( 99% incidence) and three are low incidence ( 1% incidence) 
antigens (Tca antithetical to Tcb [african americans] or Tcc [whites], WEsa antitheti-
cal to WEsb, Cra, Dra, Esa, IFC, UMC; high-incidence antigens in bold). These anti-
gens are located on the complement regulator protein decay-accelerating factor (DaF), 
which is encoded by the gene DAF. DaF (also known as cD55), which is anchored to 
the cell membrane by glycosylphosphatidylinositol (gPI), serves to regulate comple-
ment activation and is a receptor for a number of microbes (e.g. Escherichia coli and 
Hantavirus). cromer/DaF antigens are present on leukocytes, platelets and placental 
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trophoblasts and, in a soluble form, in plasma and urine. DaF is missing from the 
Rbcs of patients with paroxysmal nocturnal hemoglobinuria because they are defi-
cient in all gPI-linked proteins. anti-cromer antibodies are formed as a result of pre-
vious Rbc exposure and have variable clinical significance, some of which may cause 
decreased Rbc survival; however, they are not known to cause HDFN.

Diego blood group system: The Diego system antigens are on band 3 (aE-1) of 
the Rbc, which functions at least as a structural membrane protein and as a chloride–
bicarbonate counter transporter. Diego antigens consist of two pairs of antithetical 
antigens (Dia/Dib and Wra/Wrb) and other low-incidence antigens. The expression 
of Wrb is dependent on the presence of glycophorin a. anti-Dia and anti-Dib may 
cause HTRs or HDFN. anti-Wra is reported in 1–8% of normal donors and 30% of 
patients with autoimmune hemolytic anemia, is Igg and/or IgM, and can occur with 
or without Rbc exposure and rarely causes HTRs or HDFN. anti-Wrb is rare, and is 
potentially clinically significant.

Dombrock blood group system: The Dombrock system includes Doa and Dob, 
and the high-incidence antigens gya, Hy and Joa. The null phenotype is gy(a). 
antibodies to Doa and Dob are uncommon, and are usually found in sera containing 
other Rbc alloantibodies. anti-Doa has resulted in HTRs and HDFN, and anti-Dob 
has resulted in HTRs but not HDFN. antibodies to gya, Hy and Joa may result in a 
mild HTR or mild HDFN. The antigen–antibody reactions are enhanced by papain- 
or ficin-treated Rbcs, but are destroyed by sulfhydryl reagents.

gerbich blood group system: The gerbrich system includes seven antigens: 
three high incidence (ge2, ge3 and ge4) and four low incidence (Wb, Lsa, ana and 
Dha). These antigens are carried on glycophorin c and glycophorin D, which are 
products of a single gene (GYPC) and interact with band 4.1. Deficiencies of either 
band 4.1 or glycophorin c or D results in elliptocytosis. gerbrich phenotypes included 
the Yus type (ge:-2, 3, 4; individuals with this phenotype can form anti-ge2), the 
gerbrich type (ge:-2, -3, 4; individuals with this phenotype can form  anti-ge2 or 
-ge3) and the Leach type (ge:-2, -3, -4; individuals with this phenotype can form  
anti-ge2, -ge3 or -ge4). These antibodies can be Rbc stimulated or naturally occur-
ring, and have variable clinical significance. antibodies to the low-incidence antigens 
rarely result in HDFN.

Indian blood group system: The Indian system antigens, Ina (low incidence) and 
Inb (high incidence), are located on cD44, a widely distributed cell adhesion molecule. 
The antigens are destroyed by papain, ficin and sulfhydryl reagents.

John Milton Hagen blood group system: antibodies to the John Milton Hagen 
(JMH) antigens are not considered clinically significant.

Knops blood group system: The Knops antigens are located on the c3b/c4b 
receptor, cR1, which is the primary complement receptor on Rbcs. all of the anti-
gens are high incidence (Kna, Mcca) except for Mccb. These antigens are weakened or 
destroyed by sulfhydryl reagents. antibodies to the Knops antigens show variable weak 
reactivity, but may continue to react even at high dilutions. These antibodies are not 
clinically significant.
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Lutheran blood group system: The Lutheran system contains Lua and Lub 
in addition to a number of high-incidence antigens (Lu4, Lu5, Lu6, Lu7, Lu8, Lu11, 
Lu12, Lu13, Lu16, Lu17, Lu18) and low-incidence antigens (Lu9 and Lu14), as well as 
aua (Lu18) and aub (Lu19). The Lu(ab) phenotype can arise from an amorphic 
Lutheran gene (Lu), from an inhibitor gene (In(Lu)) which prevents normal expres-
sion of Lutheran and other blood group antigens (P1, I, anWj, Ina and Inb), or from 
an X-borne suppressor (XS). The antigens are destroyed by trypsin, -chymotrypsin 
and sulfhydryl reagents. anti-Lua and anti-Lub are usually formed in response to pre-
vious Rbc exposure, but have been reported to be naturally occurring. Lutheran anti-
gens are poorly developed at birth. anti-Lua has not been associated with HTRs, and 
has rarely been associated with mild HDFN. anti-Lub has been reported to cause mild 
HTRs and none to mild HDFN. anti-aua and anti-aub may cause mild HTRs, but 
have not been associated with HDFN. anti-Lu3 is found in immunized individuals 
with the Lu(ab) phenotype, and may result in delayed HTRs or HDFN.

LW blood group system: The LW system consists of LWa (high incidence) and 
LWb (low incidence). The antigens are destroyed by sulfhydryl reagents and pronase. 
LWa is more strongly expressed on D-positive than D-negative Rbcs. Individuals who 
have the Rhnull phenotype are LW(ab). antibodies to LW antigens are not usually 
associated with HTRs or HDFN.

Ok blood group system: The Ok system consists of a single high-incidence antigen, 
Oka. Rare Ok(a) Japanese individuals may form anti-Oka, which has resulted in HTRs 
but not HDFN.

Raph blood group system: The Raph system consists of a single antigen, MER2. 
anti-MER2 has been reported in three Israeli Jews on renal dialysis, and has not caused 
HTRs or HDFN.

scianna blood group system: The scianna system consists of four antigens; sc1, 
sc2, sc3 and Rd. sc1 (high incidence) and sc2 (low incidence) are antithetical anti-
gens, and sc3 is present on any Rbc that contains sc1 or sc2. The Rd antigen is low 
incidence. antibodies to these antigens are rare. anti-sc1 has not been reported to 
cause HTRs or HDFN, and anti-sc2 has resulted in mild HDFN.

Yt blood group system: The Yt (cartwright) system consists of Yta and Ytb anti-
gens, which are located on Rbc acetylcholinesterase. anti-Yta has been reported 
to result in accelerated destruction of Yta-positive Rbcs, and is not associated with 
HDFN. anti-Ytb has not been associated with HTRs or HDFN.

Xg blood group system: The Xga antigen gene is located on the X chromosome. 
Xga is destroyed by enzymes. anti-Xga is uncommon, may either be Rbc stimulated or 
naturally occurring, and has not been implicated in HTRs or HDFN.

Blood group collections:

Cost blood group Collection: The cost collection consists of csa and csb. 
antibodies to these antigens are not clinically significant.
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Er blood group Collection: The Er collection consists of two antigens: Era (high-
incidence) and Erb (low-incidence), which give rise to four phenotypes: (Er(ab), 
Er(ab), Er(ab), and Er(ab)).

High-incidence RBc antigens:

Vel antigen: anti-Vel is formed as a result of Rbc stimulation, is usually IgM, binds 
complement, and is associated with HTRs, but not HDFN.

Lan antigen: anti-Lan is Igg, may bind complement, may cause HTRs and has 
been associated with mild HDFN.

Jra antigen: anti-Jra may result in decreased Rbc survival of transfused antigen-
positive Rbcs, but has not been associated with HDFN.

anWj antigen: anWj is carried on cD44 and is the receptor for Haemophilus 
influenzae. anti-anWj has been implicated in severe HTRs but not in HDFN, because 
it is not present on umbilical cord Rbcs.

sda antigen: sda expression on Rbcs is variable and may diminish during preg-
nancy. anti-sda is usually IgM and is not considered clinically significant, but exam-
ples of HTRs with Rbcs with strong sda expression have been reported.

Low-incidence RBc antigens: These antigens occur in less than 1 in 500 indi-
viduals, and include batty (by), biles (bi), box (bxa), christiansen (chra), HJK, HOFM, 
JFV, JONEs, Jensen (Jea), Katagiri (Kg), Livesay (Lia), LOcR, Milne, Oldeide (Ola), 
Peters (Pta), Rasmussen (RasM), Reid (Rea), REIT, saRa, Torkildsen (Toa), Traversu 
(Tra), and others. antibodies to these antigens may cause HTRs or HDFN.

Bg (Bennett-Goodspeed) antigens correspond to human leukocyte antigen (HLa) anti-
gens: bga corresponds to HLa-b7, bgb corresponds to HLa-b17, and bgc corresponds to 
HLa-a28. These antigens are expressed variably on Rbcs.
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Product names: Red blood cells (Rbcs) are also known as packed Rbcs (pRbcs) 
and red cells. Modified Rbc products include frozen, deglycerolized, leukoreduced, 
rejuvenated, washed, irradiated, and volume-reduced Rbcs. Many textbooks will list 
whole blood as a Rbc product, though the use of whole blood is uncommon and 
inefficient secondary to the loss of platelet function, because platelets must be stored 
at room temperature and once refrigerated lose their function, and the deterioration 
of coagulation protein function over time. In this book, the term Rbc or Rbc compo-
nent or product refers to pRbcs or apheresis Rbc products (which are concentrated 
during the collection process).

Description: The majority of Rbc products are made from whole blood donated 
as 450 ml or 500 ml into an anticoagulant-preservative solution; about 5% of the Rbc 
products are collected through automated Rbc apheresis. The initial step of compo-
nent manufacturing of whole blood is centrifugation, which leads to sedimentation or 
packing of the iron-laden Rbcs. Next the platelet rich plasma is expressed, resulting in 
the Rbc product (i.e. pRbcs). This product can then undergo a number of modifi-
cations, including leukoreduction, freezing, rejuvenation, washing, irradiation and/or 
volume reduction. 

Approximately 15 million units of whole blood are manufactured into the 13  
million Rbc products that are transfused each year in the US. Worldwide, it is esti-
mated that 70 million units of whole blood are collected and 65 million Rbc prod-
ucts are transfused. General characteristics of Rbc products include: 130–240 ml  
of Rbcs, 50–80 g of hemoglobin (Hbg) and 150–250 mg of iron. The total volume,  
250–350 ml, and hematocrit, 55–80%, vary depending on the anticoagulant- 
preservative solution used; higher volume and lower hematocrit are found in additive- 
solution (AS) containing products. Small amounts of plasma, platelets and leukocytes  
remain in Rbc products, unless the latter have been removed by leukoreduction, 
which is typical in about 85% of the Rbc products used in the US.

RBC storage lesion: The RBC storage lesion is the term that collectively refers to 
a number of metabolic and physical changes occurring in the Rbcs themselves, as 
well as the resultant changes in the entire Rbc product (the Rbcs and surrounding 
plasma) during storage (Table 28.1). The decreased 2,3-DpG results in a shift in the 
oxygen dissociation curve to the left, which leads to less oxygen release than from nor-
mal Rbcs at the same partial pressure O2. In addition to biochemical changes, Rbcs 
change from a deformable biconcave disk, to reversibly deformed echinocytes, to irre-
versibly deformed spherechinocytes with increased membrane stiffness. These mor-
phologic changes may also result in decrease oxygen transport because of the inability 
of the Rbc to flow through the microcirculation, and the increase in Rbc and vascular 
151
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Table 28.1 d cells

AS-1 AS-3 AS-5

Variable
Whole  
blood

Red blood  
Cells

Red blood  
Cells

Red blood  
Cells

Red blood 
Cells

Days of Storage 35  35 42 42 42

%Viable cells (24 
posttransfusion)

79  71 76 (64–85) 84 80

pH (measure at 37 6.98  6.71 6.6 6.5 6.5

aTP (% of initial 56 (16)  45 (12) 60 59 68.5

2,3 DPG (% of ini 10  10 5 10 5

Plasma K (mmo 27.30  78.50* 50 46 45.6

Plasma hemoglob 461  658.0* n/a 386 n/a

% Hemolysis n/a  n/a 0.5 0.9 0.6

*Values for plasma  Rbc units; the total plasma in these units is only about 70 mL. From brecher Me (ed.). 
(2005). AABB Techn
biochemical changes in stored non-leukocyte-reduced red bloo

CPD CPDA-1

Whole blood
Whole  
blood

Red blood  
Cells

0 21 0 0

hours  100 80 100 100

°c) 7.20 6.84 7.60 7.55

value) 100 86 100 100

tial value) 100 44 100 100

l/l) 3.9 21 4.20 5.10

in 17 191 82 78

n/a n/a n/a n/a

hemoglobin and potassium concentrations may appear somewhat high in 35-day stored
ical Manual, 15th edition, bethesda: AAbb press.
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endothelial interactions. Recent data suggest that stored Rbcs have reduced nitric oxide 
(NO) bioavailability, possibly via decreased levels of SNO-Hb (S-nitrosohemoglobin). 
NO plays a vital role in the vasodilation of blood vessels, and therefore in oxygen deliv-
ery to tissues. It has been shown in experimental models that stored Rbcs, when trans-
fused, do not allow appropriate NO-mediated hypoxic vasodilation.

Indications: Indications are listed in Table 28.2.

Table 28.2 Indications and contraindications for Transfusion of red blood cells

Indications – red blood cells may be used:

l  To mitigate tissue hypoxia due to decreased oxygen-carrying capacity associated with an 
inadequate red blood cell mass.

l as a source of replacement red blood cells during red blood cell exchange (erythrocytopheresis).
l To ensure optimal tissue oxygenation in anemic patients undergoing radiation therapy.

Contraindications – red blood cells should not be used:

l To correct anemia due to iron deficiency.
l as a souce of nutritional supplementation.
l for volume expansion or to increase oncotic pressure.

Signs and Symptoms of Anemia: Rbcs are transfused to mitigate the signs and 
symptoms of anemia, which reflect a significant deficiency of oxygen-carrying capac-
ity and/or tissue hypoxia due to an inadequate circulating Rbc mass, which typically 
occurs from disorders leading to decreased bone marrow erythropoiesis (malignancy 
and cancer chemotherapy), loss of erythrocytes (trauma, surgery and parturition) or 
increased clearance or destruction of erythrocytes (immune and non-immune hemo-
lysis, including autoimmune hemolytic anemia, malaria and sickle cell disease).

RbC exchange: Rbcs are used during Rbc exchange (erythrocytapheresis), either 
therapeutically or prophylactically. Rbc exchange can be required in hemolytic disease 
of the fetus and newborn for the prevention of kernicterus, and in patients with sickle 
cell disease either therapeutically for the treatment of severe complications (stroke or 
acute chest syndrome) or prophylactically for stroke prevention or prior to surgery.

As an Adjunct to Radiation therapy: Some practitioners will transfuse anemic 
cancer patients during periods of radiation therapy in order to ensure that there is 
optimal oxygen delivery to the treatment site and the formation of oxygen radicals, 
which help potentate the efficacy of the radiotherapy.

Laboratory Values as transfusion triggers and guidelines for RbC 
Administration:

The Transfusion Trigger: because there are no precise indicators of tissue hypoxia, 
nor objective, measurable indicators of symptomatic anemia, it has become com-
mon practice to administer Rbc products based on laboratory parameters including 
hemoglobin and hematocrit. These numbers constitute “transfusion triggers” at which 
transfusion is generally considered appropriate and above which it is not. While the 
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use of transfusion triggers is helpful in considering a patient’s general condition, there 
is no universal transfusion trigger, and therefore the clinical assessment of each patient 
is imperative so that unnecessary transfusion can be avoided in patients who have 
well adapted to their current level of anemia, and so that transfusion is not withheld  
(i.e. undertransfusion) when appropriate and needed.

Guidelines for RBC administration: A number of countries and blood systems 
around the world have produced guidelines regarding administration of Rbcs. These 
are helpful both to the practitioner and during audits of Rbc use. Many guidelines do 
not give specific transfusion triggers, but rather describe clinical conditions in which 
Rbc transfusion is likely to be appropriate and needed. One example of guidelines for 
Rbc transfusion can be found in Figure 28.1. As a general concept only, transfusion of 
Rbc products in adults is rarely indicated when the Hbg concentration is   10 g/dl, and 
is almost always considered to be indicated when the Hbg concentration is   6 g/dl.

Restrictive versus liberal Transfusion strategies: There is some evidence that 
restrictive (versus liberal) transfusion policies result in a decrease in patient compli-
cations following allogeneic Rbc product transfusion. In particular, Hébert and col-
leagues reported the results of a multicenter, randomized controlled trial of 838 stable 
but critically ill patients with Hgb  9.0 g/dl within 72 hours of intensive care unit 
(IcU) admission randomized to a “restrictive-strategy” (Hgb of 7 g/dl) or a “liberal 
strategy” (Hgb of 10.0 g/dl) for transfusion. Though 30-day mortality was similar in 
the two groups, the overall mortality rate during hospitalization was significantly lower 
in the restrictive strategy group (22.2% versus 28.1%; P  0.05). Similarly, Lacroix and 
colleagues reported the results of a non-inferiority trial of 637 stable but critically ill 
children with Hbg  9.5 g/dl within 7 days of IcU admission randomized to a “restric-
tive strategy” (Hbg of 7 g/dl) or a “liberal strategy” (Hbg of 9.5 g/dl) for transfusion. 
children who were transfused based on the restrictive transfusion “trigger” had 44% 
fewer transfusions (P  0.001) without an increase in adverse outcomes, including  
multiple organ dysfunction or death.

In the past decade, data have accumulated suggesting that Rbc product trans-
fusion itself may be associated with, or an independent predictor or risk factor for, 
increased of morbidity in the recipient (including particularly acute respiratory dis-
tress syndrome [ARDS] and multi-organ failure) and mortality. The reasons for this 
are unclear, but current hypotheses include elements of the storage lesion, including 
the inability of stored Rbcs to maintain their NO bioavailability leading to poor oxy-
gen delivery and absence of NO-driven vasodilation in response to tissue hypoxia. 
Decreased Rbc deformability of stored Rbcs may also contribute to the observed 
phenomenon. In multiple clinical studies, the use of Rbc transfusion has been associ-
ated with increase morbidity and mortality. In addition, the use of older (14 days of 
storage) versus fresh (14 days of storage) product has been associated with increased 
morbidity and mortality in one study that needs to be confirmed in other trials. Most 
of the studies referred to above have been retrospective, and performed in cardiac sur-
gery, trauma and other acutely ill patients.

Special RbC Products and Circumstances: Details of each of the special blood 
product processes and modifications are discussed elsewhere in this book. The listing 
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South Glasgow University Hospitals NHS Trust

Surgical

Acute MI

Transfuse
to Hb of
10 g/dl

No
symptoms
or signs*

Do not
transfuse

Symptoms
or signs*

or
Hb below

7 g/dl

Pre-op
Investigate

 or signs*

No

Do not transfuse unless
Hb below 7 g/dl

Hb below 7 g/dl

Transfuse, but evaluate
after each unit

Post-op
Hb below

8 g/dl

No acute
MI

Hb 7g/dl

Medical

Patient anemic?
(Hb below 10 g/dl)

Transfusion or Not?

Transfuse, but evaluate
after each unit

ducing red cell transfusion by audit, education and a new 
Southern General Hospital

These guidelines promote best practice regarding blood use within the Southern General Hospital.
Recent audit revealed widespread differences in practice and confusion as to when and how to
prescribe blood.

Acute blood loss over
20% volume

Greater
Glasgow

Symptoms

Yes

Transfuse, but evaluate
after each unit

Consider transfusion
immediately

Consider dialing 3333 for
Major Hemorrhage

These patients are among the few who may benefit from a Hb above 80. Transfusion to an Hb
of 10 g/dl is acceptable but to overshoot to 11 may be excessive. Evaluate effect of each unit
as it is given.

An acute blood loss of greater than 20% of blood volume (about 1000 ml blood) will often
need a tranfusion. Do not delay ordering blood in situations where blood loss is acute and
rapid. If blood loss is very rapid, the hospital Major Hemorrhage Protocol should be activated
by dialing 3333.

• Preoperative hemoglobin is less than 8 g/dl and the surgery is associated with the
 probability of major blood loss.
• Post-operative hemoglobin falls below 7 g/dl
• Preoperative anemia MUST be investigated, as medical management may be more
 appropriate than transfusion.

• Shortness of breath for no other reason

• Think before transfusion. Blood is expensive and potentially dangerous if used
 inappropriately.
• Reasses after each unit is given. Do you need to give more?

• Stop if symptoms/signs shown above resolve.

• Stop if you have reached an adequate Hb i.e. above 8 g/dl in symptomless patients
 (10 g/dl in acute MI).

• Angina
• ST depression on ECG
• Tachycardia for no other reason

• Syncope/postural hypotension

Consider transfusion if:

GUIDELINES FOR BLOOD TRANSFUSION

NHS

INDICATIONS FOR TRANSFUSION
1. Acute Blood Loss

2. For Surgical Patients

3. Anemia In Active Myocardial Infarction (Hb below 10 g/dl)

Consider transfusion in normovolemic patients ONLY if they have symptomatic anemia.
Symptoms and signs of anemia include:

Transfusion above 10 g/dl is very rarely indicated and WILL be questioned by hematology staff.

4. Anemia In Other Patients (Hb below 10 g/dl but above 7 g/dl)

FIguRe 28.1 An example of Rbc transfusion guidelines. From Garrioch M, Sandbach J, pirie e et al. (2004). Re
guideline in a large teaching hospital. Transfusion Med 14, 25–31.
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below provides a framework to understand the array of products available, and the 
setting(s) in which they are used.

autologous whole Blood: Autologous products are Rbc products donated by 
an individual for his or her own use in the future, most commonly for a scheduled 
surgical procedure. These autologous Rbc products are often stored as whole blood 
because the plasma and platelets are usually not of clinical use because they cannot be 
used in the allogeneic setting. Therefore, in order to decrease and the cost of prepara-
tion, blood components are not manufactured from autologous whole blood units.

sickle Cell disease: because patients with sickle cell disease often require serial 
and ongoing Rbc transfusion, and because some of these patients can make a large 
number of alloantibodies to Rbc antigens, specific guidelines for the transfusion of 
such patients include more extensive Rbc antigen matching and the use of hemo-
globin S negative products.

leukoreduced RBCs: Rbcs leukoreduced have 5  106 residual leukocytes per 
product (US) and 1  106 residual leukocytes per product (eU). Leukoreduction 
mitigates leukocyte-associated complications of blood transfusion, which can include 
febrile non-hemolytic transfusion reactions, HLA alloimmunization, cMV and ebV 
(and possibly HHV-8) transmission, and transfusion-related immunomodulation.

Irradiated RBCs: Rbc products are irradiated to prevent the occurrence of transfusion 
associated graft-versus host disease (TA-GVHD) in appropriate recipients. patients at 
highest risk for TA-GVHD thus need irradiated cellular blood products, including Rbcs. 
Such patients include those with congenital immunodeficiencies or hematologic malig-
nancies, and those receiving directed donor products (i.e. from a relative) and hemat-
opoietic progenitor cell transplantation, and fludarabine and other purine analogues.

Frozen RBCs: products with unusual Rbc phenotypes can be frozen within 6 days 
of collection or after rejuvenation to create an inventory of rare products. After thaw-
ing and removal of the cryoprotectant glycerol, these products can be used for transfu-
sion following the indications provided above in patients with related alloantibodies. 
Autologous products can also be frozen in advance of an anticipated surgery, or for 
patients with very rare Rbc phenotypes, for their own use.

Rejuvenated RBCs: Rbcs that are within 3 days of expiration can be rejuvenated 
and then frozen, if indicated; this process requires specialized rejuvenation solutions 
that contain pyruvate, inosine, phosphate and adenine, which restore the levels of ATp 
and 2,3-DpG to levels approaching those of a freshly drawn unit.

washed RBCs: patients with a history of severe allergic or anaphylactic reactions may 
require washed Rbcs to remove the plasma proteins. Washing is also required for the 
use of rejuvenated or frozen Rbc products, to remove the cryoprotectant and rehydrate 
the cells.

volume-reduced RBCs: Volume reduction of a product may be required for the 
removal of the plasma and supernatant in patients who are extremely volume-sensitive  
or who are sensitive to the additive solution and/or increased potassium load (e.g. 
neonates) within the supernatant following prolonged storage or irradiation.
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Contraindications: Rbcs should not be used to treat an anemia that is asymp-
tomatic or can be treated without transfusion-based therapy, such as iron deficiency. 
Indeed, in one study of hospitalized elderly patients, 40% of transfusions were given 
for “anemia,” the majority of which were due to iron deficiency. Furthermore, Rbcs 
should not be used for volume expansion or to increase oncotic pressure. Finally, Rbcs 
are not indicated in the treatment of any nutritional deficiencies; nor should this prod-
uct be used to speed recovery, increase wound healing or improve a sense of wellbeing.

Processing and storage: As above, Rbc products are made from 450- or 500-
ml collections of whole blood donated into 63 or 70 ml of anticoagulant-preservative 
solution. Initially the whole blood unit is centrifuged and the resulting supernatant, 
usually platelet-rich plasma, is decanted, leaving pRbcs. Anticoagulant and additive 
solutions used for Rbc storage include AcD-A, cpDA-A, cpD, cp2D, AS-1, AS-
3 and AS-5. These solutions vary in their constituents, which can include citrate or 
trisodium citrate, phosphate, adenine, monobasic sodium phosphate, and mannitol. 
The allowed storage duration depends on the anticoagulant-preservative and additive 
solution chosen used: there is a 21-day expiration period for AcD, cpD and cp2D, a 
35-day period for cpDA-1, and a 42-day period for AS-1, AS-3 and AS-5. Storage of 
liquid Rbc products is at 1–6°c.

products that are to be frozen require the addition of a cryoprotectant, usually in 
the form of 40% glycerol which protects the erythrocytes from dehydration and ice-
particle formation during the freezing process. Frozen products are stored at 65°c 
or below and have an approved shelf-life of 10 years, though products 20 years old 
have been used without complication. Thawing of frozen products is followed by a 
process of deglycerolization using hypertonic saline solutions. Once thawed and 
deglycerolized, the products must be used within 24 hours.

A number of additional manufacturing and/or processing steps may also be 
employed. These include pre-storage leukoreduction via filtration and gamma irra-
diation. pre-storage irradiation modifies the product’s shelf-life to the earlier of 28 
days or the outdate based on the date of initial collection. This precaution was put in 
place in order to ensure that the plasma potassium concentration in the Rbc product 
is not excessive, as the radiation enhances the release of potassium and decreases the 
post-transfusion survival of the Rbcs. post-storage processing can include washing 
or volume reduction to remove the excess potassium in at-risk individuals. These are 
accomplished via open systems, and thus the product has only 24 hours of approved 
shelf-life following such washing or volume reduction. For pediatric transfusion, Rbc 
aliquots can be made from individual products, thus allowing the re-use of a given 
product for multiple transfusion episodes for a given recipient.

Preparation and administration: Rbcs are administered only with a physi-
cian’s order. It is also recommended that a process for obtaining informed consent for 
Rbc (and other blood product) administration is in place. Ideally, a process should 
be available that allows individuals who will not accept Rbc transfusion to document 
their refusal; this is especially important for Jehovah’s Witnesses, who may object to 
transfusion of Rbc-containing products on religious grounds.

Rbc products are transfused through tubing that contains a micro-aggregate  
filter capable of removing particulate matter 170 m in size. In general it is not  
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necessary to pre-warm the products, though some patients with cold agglutinin dis-
ease may require the use of blood warmers and patients who are transfused at rates 
100 ml/min are at increased risk of cardiac events and hypothermia unless the blood 
is warmed.

AbO/D Compatibility: Rbc products must be AbO compatible with the recipi-
ent’s plasma to avoid potentially immediate and life-threatening immune hemolysis. 
Ideally, crossmatched AbO-type specific or AbO-type compatible products (if type-
specific products are not available) are issued. In emergent circumstances, group O 
products can be issued without crossmatch or knowledge of the recipient’s AbO type.

In order to minimize alloimmunization to the D antigen, and thus limit the risk 
of future hemolytic disease of the fetus and newborn or hemolytic transfusion reac-
tions, it is expected that D-compatible products will be administered. In emergent 
situations, where the D typing is unknown, D-negative products should be given to all 
recipients; this is especially important in D-negative women of child-bearing poten-
tial. In situations where the D-negative inventory is inadequate to meet the transfu-
sion needs, transfusion of D-positive products to D-negative individuals should be 
directed by transfusion service policy and medical director decision by weighing the 
risk of alloimmunization against the risk of withholding transfusion.

Quality assurance: The requirements for Rbc product preparation are dictated by 
AAbb Standards and the Code of Federal Regulations (CFR). In the US, current regula-
tions focus primarily on the volume of blood collected and ensuring that at least 75% 
of erythrocytes are viable 24 hours following transfusion. In some developed nations, it 
is recommended that the amount of free hemoglobin not exceed 1% of the Rbc mass. 
current US regulations or standards do not address post-manufacturing Rbc product 
hemoglobin concentration, though some authorities have suggested that this would be 
appropriate.

Dose: In adult recipients, Rbc products are typically given as 1–2 units per transfu-
sion episode. In an average-sized adult without ongoing bleeding or hemolysis, each 
Rbc product can be expected to increase the Hgb by 1 g/dl or the Hct by 3%. In 
children, dosing is often based on recipient weight, and a dose of 10–15 ml/kg is not 
atypical.

adverse events: Acute hemolytic transfusion reactions can result from inadvertent 
AbO-incompatible Rbc product transfusion, and may result in hypotension, DIc, renal 
failure and death. Indeed, this is most commonly termed mistransfusion, and is consid-
ered to be one of the leading causes of death following transfusion. Alloimmunization 
to minor Rbc antigens can also occur, and may result in delayed hemolytic transfusion 
reactions upon subsequent transfusion with antigen-positive cells. As Rbc products are 
derived from human whole blood donation, transmission of infectious diseases is pos-
sible. Further details about adverse events of blood transfusion can be found in chapters 
52–66 of this book.

alternatives and future Considerations: Alternatives to standard allogeneic 
include preoperative autologous donation, intraoperative and post-operative autolo-
gous Rbc salvage, and acute normovolemic hemodilution. The administration of 
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erythropoietin can reduce the need for allogeneic Rbc transfusion in some clinical 
settings. pharmacologic agents to minimize bleeding can also be helpful in minimiz-
ing Rbc transfusion (see chapter 51). Hemoglobin-based oxygen carriers (HbOcs), 
hemoglobin solutions in a number of formulations, are under investigation. currently 
none of these is approved for use in the US. pathogen-inactivated Rbc products are 
also under investigation, though no process is currently in use for Rbcs around the 
world. In addition, enzymatic removal of the terminal sugars of the A and b antigen 
molecules is under investigation in order to produce chemically modified, universal 
group O Rbc products.

International Considerations: In countries where the risk of transfusion- 
transmitted infectious diseases is significantly higher than in the US and the eU Rbc 
transfusion strategies have evolved that are quite divergent from those in more devel-
oped countries. In areas highly endemic for malaria, and thus severe malarial anemia, 
Rbc transfusions are not typically initiated until the Hbg is 3 g/dl or below due to 
blood inventory limitations and the high prevalence of HIV in some donor popula-
tions. As there are significant shortages, the use of umbilical cord blood for trans-
fusion is being considered for Rbc transfusion in neonates and small children in 
under-resourced countries.

In some countries the volume of whole blood collection varies. For example, the 
standard whole blood unit donation in Japan is 200–400 ml. Many countries outside 
of the US use stored Rbc products in an additive solution termed SAG-M, which 
contains saline (sodium chloride, for isotonicity), adenine (for ATp generation), glu-
cose (for metabolism) and mannitol (for decreasing Rbc lysis).
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Product names: Fresh frozen plasma (FFP), plasma frozen within 24 hours after 
phlebotomy (FP24 [sometimes called F24 or PF24]), cryoprecipitate-reduced plasma 
(CRP, cryo-poor plasma and cryosupernatant) and thawed plasma are plasma-based 
products primarily used in the clinical setting. Recovered plasma (usually converted 
from “plasma” and liquid plasma) is usually used for further manufacturing into 
plasma derivatives, including albumin, immunoglobulin and factor concentrates.

In this book the term plasma products refers to fresh frozen plasma (FFP), plasma 
frozen within 24 hours (FP24) and thawed plasma, which can be used, in the majority 
of patients, interchangeably.

Description: Plasma is the acellular, fluid compartment of blood, and consists of 
90% water, 7% protein and colloids, and 2–3% nutrients, crystalloids, hormones and 
vitamins. The protein fraction contains the soluble clotting factors, fibrinogen, Factor 
XIII, von Willebrand Factor (vWF) and Factor vIII primarily bound to its carrier 
protein vWF, and the vitamin K-dependent coagulation Factors II, vII, IX and X. 
Plasma can be manufactured from whole blood after centrifugation and RBC removal, 
or collected by apheresis as a single product or via multicomponent apheresis collec-
tions (often referred to as concomitant plasma). Clotting factors are the constituents 
for which transfusion of plasma is most often required.

Fresh Frozen plasma: FFP contains approximately 1 IU per ml of each clotting fac-
tor, is prepared from whole blood (or apheresis), is frozen at 18°C or colder within 
8 hours of collection (or within 6 hours with the use of some storage bags after apher-
esis collection), and has a frozen shelf-life of 1 year.

Prior to transfusion, FFP must be thawed at 30–37°C, which takes 20–30 minutes 
(termed FFP Thawed). Thawed FFP should be transfused immediately, or stored at  
1–6°C for up to 24 hours. If storage of thawed FFP must be extended to prevent 
 wastage, it becomes thawed plasma (see below) and must be relabeled as such. Thawed 
plasma can stored for up to 5 days (in total from the time of thawing) at 1–6°C.

plasma Frozen within 24 hours after phlebotomy: FP24 is plasma frozen 
within 24 hours of phlebotomy, is stored at 18°C or colder, and has a frozen shelf-
life of 1 year. Like FFP, FP24 is thawed at 30–37°C and either transfused immediately 
or stored for up to 24 hours at 1–6°C, and also can be stored for up to 5 days (again as 
thawed plasma).

FFP and FP24 are considered to be equivalent products for most patient popu-
lations; compared to FFP, FP24 has approximately 20% lower Factor vIII levels. 
However, because Factor vIII is an acute-phase reactant, its levels are quickly replen-
ished in recipients without hemophilia A. Therefore, FFP and FP24 are generally con-
sidered to be interchangeable. The manufacture or FP24 has significant advantages 
161
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over FFP for the blood collection facility, including improved logistics (and thus cost-
efficient use) of whole blood donated at distant locations; the interchangeable use of 
FP24 has facilitated the implementation of male-only plasma in the US as TRALI mit-
igation strategy (see Chapter 58).

Thawed plasma: Thawed plasma originates from either FFP or FP24 that has been 
thawed and stored at 1–6°C. Thawed plasma may be stored at 1–6°C up to 5 days 
after the original product was thawed. Thawed plasma has lower levels of Factor vIII 
(reduced by 35–41% by day 5, resulting in 41–63% activity), Factor v (reduced by 
9–16%, but reported as high as 50%) and Factor vII (reduced by 4–20%), which are 
usually not of clinical significance.

Recovered plasma (plasma for manufacture): Plasma products (liquid plasma 
and “plasma”) that are derived from whole blood and intended for further manufac-
turing (i.e. fractionation into albumin, intravenous immunoglobulin and factor con-
centrates) are sent to a manufacturer from a collection facility through a “short supply 
agreement.” Liquid plasma is defined as plasma that is separated from whole blood at 
any time during storage at 1–6°C, up to 5 days after the whole blood expiration date. 
Another product, termed “plasma,” is defined as liquid plasma that is frozen at 18°C 
or colder, with a frozen shelf-life of 5 years.

Source plasma: Source plasma, a FDA-licensed product, is collected by apher-
esis and is intended for further manufacturing. The Plasma Protein Therapeutics 
Assocation promotes safe collection of and manufacturing practices for plasma 
derivatives.

Cryoprecipitate-reduced plasma: CRP is a plasma product consisting of the 
supernatant expressed during the manufacture of cryoprecipitate from FFP. CRP is 
therefore deficient in Factor vIII, vWF, fibrinogen, cryoglobulin and fibronectin. CRP 
is refrozen and stored at 18°C or colder for up to 1 year. CRP is used only for trans-
fusion or plasma exchange therapy in patients with thrombotic thrombocytopenic 
purpura (TTP).

Solvent-detergent plasma (SD plasma): SD plasma is a product manufactured 
from  2500 pooled plasma products that has been treated with solvent (tri--butyl 
phosphate)/detergent (triton X-100) to inactivate lipid-enveloped viruses (HIv, hepa-
titis B, hepatitis C). The product is distributed in 200 ml containers, frozen at 18°C, 
with a shelf-life of 1 year. This product has an approximately 50% loss of protein S 
and approximately 10% loss of other factors. SD plasma is approved for use by the 
FDA, but is no longer sold in the US; it is available in other countries.

Indications: Plasma transfusions are usually used in either the prevention of bleed-
ing or for the treatment of hemorrhage in patients with either a congenital or acquired 
coagulation defect. Coagulation defects are routinely determined by the measurement 
of the prothrombin time (PT) or International Normalized Ratio (INR), and the par-
tial thromboplastin time (PTT). There are no evidence-based studies that define a 
laboratory value that can serve as a “trigger” for plasma administration, though many 
clinicians will consider plasma transfusion when there is an INR of 2.0 or greater, 
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depending on the presence, or risk, of bleeding. Audits of transfusion practices have 
consistently suggested that plasma use is inappropriately high (reportedly only 60% 
of plasma usage in the UK complies with the current UK guidelines). Specifically, 
plasma should not be used as a simple volume expander, or as a source of nutrients. 
Indications and contraindications for plasma products are described in Table 29.1.

Table 29.1 administration of plasma products

Indications

l Congenital coagulation defects where no factor concentrates are available*
l Disseminated intravascular coagulopathy*
l liver disease*
l Massive transfusion*
l plasma infusion or exchange for thrombotic thrombocytic purpura (TTp)
l plasma exchange in other conditions*
l Rapid reversal of warfarin effect*
l Other causes of multiple acquired coagulation factor deficiency*

Contraindications

l Immunodeficiency
l burns
l Wound healing
l Volume expansion
l Source of nutrients

*Transfusion only for a risk of bleeding or in the presence of bleeding.

Liver Disease and Transplantation: Patients with severe liver disease may have 
low levels of the vitamin K-dependent clotting factors (II, vII, IX and X), and such 
patients can develop a prolonged PT/ INR and PTT. Additionally, the thrombin time 
(TT) may be prolonged, fibrin split products may be elevated, and in later stages the 
fibrinogen levels decrease. Hemorrhage, most often secondary to an anatomic lesion, 
may be complicated by the coagulopathy resulting from these abnormalities. Plasma 
infusion is indicated for the treatment of major bleeding and the prevention of 
bleeding prior to major procedures. Plasma products are not recommended prophy-
lactically before minor surgical procedures. Increased PT/INR and PTT are poor pre-
dictors of surgical bleeding. Transfusion should be guided by clinical assessment, and 
the evidence and degree of bleeding in conjunction with coagulation test results.

massive Transfusion: The administration of plasma products to patients receiving 
massive transfusion is recommended to treat and mitigate the effects of both the early 
trauma-induced coagulopathy and the dilutional coagulopathy secondary that occurs 
with colloid and RBC resuscitation. Plasma, platelet and cryoprecipitate products can 
be administered either at set doses and time-points through a massive transfusion 
protocol, or as determined by coagulation laboratory values. Recent data demonstrate 
that early and aggressive use of plasma and platelets in trauma patients undergoing 
massive transfusion decreases mortality (see Chapter 50).
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Rapid Reversal of warfarin: Warfarin inhibits the hepatic synthesis of vitamin K-
dependent clotting Factors (II, vII, IX and X) by blocking the recovery of the active 
form of vitamin K. vitamin K administration typically corrects the coagulopathy in 
12–18 hours and should be used if time is available and bleeding is not problematic or 
in combination with plasma products. In patients anticoagulated with warfarin who 
have active bleeding or require emergency surgery, the warfarin effect can be imme-
diately reversed by prothrombin complex concentrates (PCC), activated Factor vII or 
plasma administration. PCC or Factor vIIa should be first-line therapy, especially in 
volume-sensitive patients (require less volume), and for emergent reversal (adminis-
tration may be faster). The ACCP evidence-based warfarin reversal guidelines are pre-
sented in Table 29.2.

Table 29.2 Recommendations for Managing elevated INRs or bleeding in patients 
Receiving Warfarin

Condition Intervention

INR more than therapeutic range 
but 5.0; no significant bleeding

lower dose or omit dose; monitor more frequently and resume 
at lower dose when INR therapeutic; if only minimally above 
therapeutic range, no dose reduction may be required.

INR  5.0, but 9.0; no significant 
bleeding

Omit next one or two doses, monitor more frequently, and 
resume at an appropriately adjusted dose when INR in 
therapeutic range. alternatively, omit dose and give vitamin 
K (1–2.5 mg po), particularly if at increased risk of bleeding. 
If more rapid reversal is required because the patient requires 
urgent surgery, vitamin K (5 mg po) can be given with the 
expectation that a reduction of the INR will occur in 24 h.  
If the INR is still high, additional vitamin K (1–2 mg po) can 
be given.

INR  9.0; no significant bleeding Hold warfarin therapy and give higher dose of vitamin K 
(2.5–5 mg po) with the expectation that the INR will be 
reduced substantially in 24-48 h. Monitor more frequently and 
use additional vitamin K if necessary. Resume therapy at an 
appropriately adjusted dose when INR is therapeutic.

Serious bleeding at any elevation 
of INR

Hold warfarin therapy and give vitamin K (10 mg by slow IV 
infusion), supplemented with FFp, pCC, or rVIIa, depending on 
the urgency of the situation; vitamin K can be repeated ql2h.

life-threatening bleeding Hold warfarin therapy and give FFp, pCC, or rVIIa 
supplemented with vitamin K (10 mg by slow IV infusion). 
Repeat, if necessary, depending on INR.

administration of vitamin K In patients with mild to moderately elevated INRs 
without major bleeding, give vitamin K orally rather than 
subcutaneously.

If continuing warfarin therapy is indicated after high doses of vitamin K1, then heparin or low-molecular-weight 
heparin can be given until the effects of vitamin K1 have been reversed, and the patient becomes responsive to 
warfarin therapy. It should be noted that INR values 4.5 are less reliable than values in or near the therapeutic 
range. Thus, these guidelines represent an approximate guide for high INRs.
From Ansell J, Hirsh J, Hylek e et al. (2008) Pharmacology and management of the vitamin K antagonists: American 
College of Chest Physicians evidence-Based Clinical Practice Guidelines (8th edition). Chest 133, 160S–198S.
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Disseminated Intravascular Coagulopathy: Disseminated intravascular coagu-
lopathy (DIC) is typically secondary to a variety of diseases, including sepsis, liver dis-
ease, hypotension, surgery-associated hypoperfusion, trauma, obstetric complications, 
leukemia (usually promyelocytic) and underlying malignancy. Successful treatment of 
the underlying cause is critical. Patients with DIC, demonstrable multiple coagulation 
factor deficiencies, thrombocytopenia and bleeding (or high risk of bleeding) should 
be transfused with plasma products in amounts sufficient to correct or mitigate the 
hemorrhagic diathesis. Normalization of coagulation values will likely not be achieved 
with the plasma infusion.

plasma as a Replacement Fluid for plasma exchange: Plasma can be used as 
replacement fluid for patients undergoing therapeutic plasma exchange (TPe), either 
alone or in combination with saline or albumin. Patients with thrombotic thrombo-
cytopenic purpura (TTP) require plasma to be used as the replacement fluid, as it 
provides the missing enzyme ADAMTS-13 (see below). The goal of TPe in Refsum’s 
disease is to decrease the level of phytanic acid, and not to replace the missing enzyme, 
phytanoyl-CoA hydroxylase; therefore, albumin is primarily used for replacement 
fluid. For patients with other diagnoses undergoing TPe, plasma may be added as a 
replacement fluid when the patient is actively bleeding secondary to the dilutional 
effects of ongoing plasma-exchange therapy or a concomitant coagulopathy exists.

Thrombotic Thrombocytopenic purpura: The treatment of idiopathic TTP is 
TPe with plasma as the replacement fluid. TPe has decreased the mortality of TTP 
from  90% to 10%. If TPe is not immediately available, plasma infusion is recom-
mended. In addition, patients with familial TTP may require simple plasma infusion 
only.

Congenital Coagulation Factor Deficiencies: There are rare factor deficiencies 
for which purified plasma derivatives are not available in the US, such as C1-esterase 
inhibitor, and Factors v, X or XI. In these factor deficiencies, the use of plasma may 
be indicated in situations of bleeding, or as prophylaxis to prevent bleeding. Plasma is 
indicated for the treatment of C1-esterase inhibitor deficiency (also called hereditary 
angioedema) prior to surgical or dental procedures in order to prevent the onset of 
angioedema.

Other multiple Coagulation Defects: There are other circumstances which 
result in acquired coagulation defects, such as cardiac surgery or extracorporeal mem-
brane oxygenation, where plasma administration may be indicated.

Dosage: The appropriate dose and frequency of plasma administration may be 
estimated from the plasma volume, the desired increment of factor activity, and the 
expected half-life of the factor being replaced. The typical plasma dosage is 10–20 ml/
kg. A single plasma unit volume is 200–300 ml and contains, on average, 0.7–1.0 IU of 
activity of each coagulation factor per ml of product and 1–2 mg/ml of fibrinogen. At  
10–20 ml/kg dosing, clotting factor activities will increase by at least 30% in the 
absence of rapid and ongoing consumption.

Ideally plasma products should be ordered as the number of milliliters to be 
infused, but this practice is uncommon in adults. Common practice is to transfuse 
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2–4 plasma units in adults. The frequency of administration depends on the clinical 
response to the infusion, and moderation of corresponding laboratory parameters. 
Normalization of coagulation laboratory values will likely not be achieved with plasma 
infusion. In addition, minimal elevation of the PT/INR (e.g. INR  1.5) is usually not 
corrected with plasma administration.

Compatibility: Plasma is screened for unexpected RBC alloantibodies at the time 
of collection, and should be ABO-type compatible for transfusion (see Chapter 19).  
Tests for serologic compatibility, major and/or minor crossmatching, are not  
performed before administration.

Adverse events: Allergic reactions and volume overload (i.e. transfusion-associated  
circulatory overload [TACO]) are the most frequent adverse events of plasma transfu-
sion. Rarely, other more serious events occur, including anaphylaxis and transfusion-
related acute lung injury (TRALI).

Alternatives to Plasma Products: Recombinant Factors vIII and IX are available 
and may be used (and in some circumstances preferentially) in patients with hemophilia 
A and hemophilia B, instead of the plasma derived concentrates. Recombinant Factor 
vIIa is available for the treatment of patients with Factor vIII inhibitors and Factor vII 
deficiency. Plasma derived factor concentrates which are available in the US include 
Factor vIII, Factor IX, antithrombin III and von Willebrand Factor, which mitigate the 
need for plasma transfusion for the replacement of these specific factors. Thus, in these 
circumstances plasma infusion is contraindicated. Outside of the US, C1-esterase inhib-
itor, protein C, fibrinogen, and Factors v, vII, XI and XIII concentrates are available, 
and should be used as appropriate in place of plasma product infusion.

International Considerations: Outside the US, pathogen-inactivated plasma 
products treated with pathogen-reduction technologies, including riboflavin, S-59, 
solvent/detergent and methylene blue, are available.
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C H A P T e r  30
Product names: Platelet products include those manufactured from whole blood 
and those manufactured by apheresis. An official FDA nomenclature exists for each 
one, but there are also many other names that are used in common parlance, occasion-
ally giving rise to significant confusion in published papers and with ordering phy-
sicians. Platelets derived from whole blood are called platelets by the FDA; common 
names include whole blood derived platelets, random donor platelets and platelet con-
centrates. Platelets produced by apheresis are called platelets,pheresis by the FDA; com-
mon names include single donor platelets, apheresis platelets and plateletpheresis. The 
method of collection does not reflect or define a platelet dose, which can vary given 
the clinical circumstance but usually approximates 3–4  1011 platelets for an adult. 
As whole blood derived platelet units typically contain 0.5  1011 platelets, 5–6 units 
must be “pooled” to make a dose. Many apheresis derived platelet collections con-
tain two or three times the required minimum of 3  1011 platelets, and thus they are 
“split” to make multiple platelet doses. The 2007 FDA guidelines for platelets make QA 
determinations based on “dose” and “collection.” Clinically, there is no single number 
that represents, or is accepted as, the optimal dose.

Description: Platelets are an essential component of hemostasis, and deficiencies 
in platelet number or function can result in bleeding and hemorrhage. Medications, 
liver or kidney disease, sepsis, disseminated intravascular coagulopathy (DIC), hema-
tologic diseases and associated therapies, massive transfusion, and cardiac bypass may 
cause low platelet counts (thrombocytopenia) and/or platelet dysfunction. Symptoms 
of thrombocytopenia and platelet dysfunction include petechiae, easy bruising, or 
mucous membrane bleeding. The average in vivo lifespan of a platelet is 10 days, but 
that of a transfused platelet is 4–5 days. A platelet’s lifespan is shortened by bleeding, 
DIC, splenomegaly, platelet antibodies, drugs, sepsis, endothelial cell or platelet activa-
tion, and thrombocytopenia.

Indications: Platelet transfusions are used for prophylaxis to prevent bleeding, or  
as treatment of bleeding in patients who have thrombocytopenia or qualitative 
defects in their platelet function (inherited or acquired by disease or anti-platelet 
medications).

Prophylactic Platelet transfusion: The threshold to transfuse platelets is deter-
mined based on the patient’s platelet count in addition to the underlying disease, 
presence of fever or sepsis, medications, and coagulation status. For most patients, 
the platelet transfusion threshold of 10,000/l is safe in the absence of fever and sep-
sis, in which case a higher threshold may be used. Typically, platelets are increased to 
50,000/l prior to lumbar puncture, indwelling catheter insertion, thoracentesis, 
liver biopsy or transbronchial biopsy. For procedures in critical locations, such as the 
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eye or brain, and for major surgery, maintenance of platelet count 100,000/l should 
be considered.

therapeutic Platelet transfusion: Platelet transfusions should be considered in 
actively bleeding patients with platelet counts 50,000/l or in those whose platelets 
are dysfunctional (e.g. secondary to medications). In patients with brain injury or sur-
gery, platelet transfusion should be considered with platelet counts 100,000/l. In 
the perioperative setting of patients undergoing cardiac surgery, platelet transfusions 
should be considered in patients experiencing excessive postoperative bleeding with-
out a surgical cause.

transfusion for Platelet dysfunction: If possible, the underlying cause of 
the platelet dysfunction (e.g. removal of medication) should be corrected. Other 
treatments include increasing the hematocrit to 30%, which appears to aid in 
the treatment of bleeding by moving the platelets closer to the subendothelium, or 
administering DDAVP (1-deamino-8-D-arginine vasopressin desmopressin), which 
increases circulating Factor VIII and von Willebrand Factor levels and may be used 
in certain inherited diseases (e.g. storage pool disease). Treatment of platelet dysfunc-
tion secondary to uremia includes DDAVP, cryoprecipitate and conjugated estrogens 
(see Chapter 108). Platelet transfusions should be considered if these therapies are not 
appropriate, or are ineffective.

Platelet transfusion for neonates: Platelet transfusion triggers for neonates are 
not clearly defined, with practices varying by institution and provider, depending on 
the clinical situation and gestational age of the neonate. Generally, platelet counts are 
kept 50,000/l in bleeding neonates or those undergoing an invasive procedure, with 
counts kept 100,000/l in extremely ill, premature infants. Prophylactic transfusions 
are generally given for platelet counts 20,000/l in neonates, and for platelet counts 
50,000/l in extremely preterm and/or critically ill neonates.

Relative contraindication for Platelet transfusions: Traditionally platelet 
transfusions have been contraindicated in patients with thrombotic thrombocytopenic 
purpura (TTP) or heparin-induced thrombocytopenia (HIT) unless there is a severe 
or life-threatening hemorrhage, because there are anecdotal reports of clinical wors-
ening after platelet transfusion. The proposed theory is that the transfused platelets 
contribute to the ongoing platelet aggregation, resulting in increased microthrombi 
formation (see Chapters 90 and 93).

Platelet transfusion in patients with immune thrombocytopenic purpura (ITP) 
may yield lower platelet increments secondary to the platelet autoantibody, which may 
also react with the transfused platelets.

Preparation and administration: Platelet products are either derived from 
whole blood collections or collected through apheresis as above. In the US, approxi-
mately 75% of platelet transfusions are collected by apheresis. The use of apheresis 
platelet products has increased in the US because whole blood derived platelet units 
are usually pooled prior to transfusion, most apheresis collection methods create a 
leukoreduced product and therefore do not require further manufacturing, and bacte-
rial testing is simpler to perform on apheresis products.
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Whole blood derived: Whole blood is drawn into a bag containing an anticoagu-
lant-preservative solution (citrate-phosphate-dextrose [CPD or CP2D] without or 
with adenine [CPDA-1]). The whole blood unit undergoes a low speed centrifugation 
step (soft spin), after which the platelet-rich plasma (PrP) is expressed and the red 
blood cells (rBCs) remain. Then a second centrifugation step separates the platelets 
from the plasma and the plasma is expressed, leaving the platelet concentrate. This 
method is used predominately in the US. The eU use a method that prepares platelet 
from the buffy coat and is described below. The CFr and AABB Standards require 
these platelets must contain  5.5  1010 platelets in 90% of the units tested.

Prior to issuing whole blood derived platelets, the platelet products need to be 
pooled to make a suitable adult dose of platelets. This typically occurs in the hospital 
transfusion service immediately prior to release to the recipient. However, a system for 
pre-pooling, leukoreducing and bacterial testing of platelet concentrates has recently 
been approved by the FDA; these are referred to as “pool and store” platelets.

Apheresis: Apheresis platelets are collected into an ACD-A (citric acid, trisodium 
citrate, dextrose) solution either as platelet-rich plasma or as platelet-pellet that 
requires re-suspension in concurrently collected plasma. Apheresis derived platelets 
are collected as leukoreduced (via process leukoreduction). CFr and AABB Standards 
require these platelets to contain 3.0  1011 platelets in 90% of the products tested. 
Many products collected by apheresis contain platelet numbers well in excess of the 
required minimum and can be split into two or three dose-sized products; 95% of 
these products must contain 3.0  1011 platelets per CFr.

Storage: Platelet products are stored at 20–24°C with continuous gentle agitation for 
up to 5 days. In the US, platelets must be stored in plasma, as no platelet storage solu-
tions (see below) are FDA approved. Plasma is not considered by many authorities to 
be optimal as it is associated with a number of adverse events, including allergic reac-
tions, transfusion-related acute lung injury and ABO-incompatible hemolysis.

Storage containers: Platelets must be stored in oxygen-permeable containers, 
because in anoxic conditions platelet metabolism shifts to using the anaerobic glycolytic 
pathway, which produces lactic acid; this results in acidosis, leading to platelet death 
during storage. Therefore, adequate oxygenation is required to allow platelets to use  
aerobic mitochondrial oxidative phosphorylation.

bacterial testing: During the 1990s, substantial data accumulated supporting the 
theory that the room temperature, plasma-rich, oxygenated environment of plate-
let storage was leading to bacteria growth and resulting in an unacceptably large 
number of reactions in recipients, including fever, sepsis, shock and death. Indeed, it 
was reported as many as 1 in 3000 plateletpheresis products had evidence of bacterial 
contamination. Furthermore, late in the 5-day storage period, the bacteria entered an 
exponential growth phase. It was indeed data of this type that had led the FDA to stop 
allowing 7-day storage in the preceding decades. In order to mitigate the risk associ-
ated with bacterial contamination, the AABB created Standard 5.1.5.1, which requires 
methods to limit and detect bacteria in platelet products. Currently there are several 
methods to limit and detect bacterial contamination in platelet products; bacterial 
testing is discussed in detail in Chapter 17.
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The introduction of the requirement for bacterial testing of platelet products has 
decreased the rate of septic reactions from 1 : 40,000 to 1 : 75,000 and of fatal sep-
tic reactions from 1 : 240,000 to 1 : 500,000 apheresis platelet products transfused. 
These numbers are best considered as general estimates, as the true residual risk in 
tested platelets is not known. Overall, preliminary data suggests that culture methods 
have decreased the bacteria-related risks by one-half.

tRALI Reduction Strategies: In order to decrease the incidence of transfusion 
related acute lung injury (TrALI) from high plasma volume-containing products, 
donors who are at high risk of having HLA antibodies should be deferred from donat-
ing these products. Current strategies to limit these high-risk donors include male-
only donors, exclusion of multiparous women donors, or testing and eliminating 
donors who have leukocyte antibodies (see Chapter 58).

Leukoreduction: Prestorage leukoreduction results in a decrease in febrile trans-
fusion reactions by minimizing the levels of cytokines which are released from white 
blood cells during storage. In addition, leukoreduction reduces the risk of CMV 
transmission, HLA alloimmunization and the resulting risk of platelet refractoriness. 
Poststorage leukoreduction (i.e. the use of bedside leukoreduction filtration) does not 
decrease the incidence of febrile transfusion reactions and it is difficult to maintain 
adequate quality assurance with bedside leukoreduction. Therefore, the majority of 
institutions use prestorage leukoreduction. In addition, since the majority of patients 
who receive platelet products are hemotology/oncology patients, most institutions use 
only prestorage leukoreduction platelet products (see Chapter 37).

Irradiation: Irradiation of platelet products prevents transfusion-associated graft 
versus host disease. Patients at risk include those receiving products donated from a 
family member, products that are HLA matched or crossmatched (where the recipi-
ent’s serum is tested against the donated platelets and those platelet products which 
do not react [i.e. are crossmatch compatible] are issued for transfusion), and those 
patients with congenital immunodeficiency syndromes, undergoing hematopoietic 
progenitor cell (HPC) transplantation, and with other diseases with congenital or 
acquired immunodeficiency states (see Chapter 36, Table 36.1). Some institutions 
irradiate all platelet products (universal irradiation) because the majority of platelet 
products are transfused to hematology/oncology patients and to neonates, some of 
whom will have as yet diagnosed immunodeficiency syndromes.

Washing or volume Reduction: Washing or volume reduction may be used when 
transfusing ABO-incompatible platelet products, especially a group O product being 
transfused to a group A individual. In addition, volume reduction or washing will 
remove the antibody contained within the plasma for which the recipient carries the 
corresponding antigen – for example, maternal platelets being transfused to a neonate 
with neonatal alloimmune thrombocytopenia (NAIT), in which removal of the mater-
nal platelet antibody is required (as well as irradiation) prior to transfusion. Lastly, 
volume reduction may be used in patients who are sensitive to extra volume. Washing 
or volume reduction results in loss of 5–20% of the platelets (see Chapters 40 and 41), 
and thus should be used only in the most necessary circumstances.
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Aliquots: Platelet products are often dispensed in small aliquots via syringe for neo-
natal transfusions; these products are acceptable for 4–6 hours in the syringe. The low-
est acceptable volume remaining in the platelet product for further aliquot removal is 
not known.

Quality assurance: Per AABB Standards and CFr: 90% of whole blood derived 
platelets must contain 5.5  1010 platelets and have a pH 6.2. Leukoreduced 
whole blood derived platelet units must have 95% 0.83  106 residual white blood 
cells, and 75% of the units must have 5.5  1010 platelets; when the products are 
pooled they must have 5.0  106 white blood cells. regarding apheresis derived 
platelets, 90% must contain 3.0  1011 platelets and have a pH of 6.2; to be con-
sidered leukoreduced, 90% of the products tested must have 5.0  106 white blood 
cells. Per the CFr, apheresis collections can be split into up to three products: 95% of 
each product must have 3.0  1011 platelets and 95% must have pH 6.2. For leu-
koreduction, 95% of single collections must have 5.0  106 white blood cells; 95% 
of double collections must have 8.0  106 white blood cells (and 95% of the prod-
ucts must have 5.0  106 white blood cells); and 95% of triple collections must have 
12  106 white blood cells (and 95% of the products must have 5.0  106 white 
blood cells).

Dose: Daily platelet loss is through platelet senescence (half-life of approximately 10 
days) and secondary to the requirements of platelets to maintain the vascular integrity. 
Together, these amount to 7000–10,000/l/day. In addition, splenomegaly, sepsis, 
drugs, DIC, auto- or alloantibodies, endothelial cell activation, and platelet activation 
through cardiac bypass or other circulatory devices may increase daily platelet con-
sumption and, therefore, platelet need.

Prophylactic transfusion: The optimal dose of platelets for prophylactic use is 
currently unknown. Currently, most ordering physicians will transfuse a single plate-
let dose in non-bleeding thrombocytopenic cancer patients at platelet counts below 
10,000/l. Some physicians prefer a value of 20,000/l in this situation.

Platelet administration using smaller platelet dose numbers meets the daily need to 
replace ongoing platelet loss, but requires more frequent platelet transfusions. This is in 
contrast to larger platelet doses per transfusion, which result in higher posttransfusion  
platelet counts and thus less frequent transfusions.

A recently completed trial (Optimal Platelet Dose Strategy for Management of 
Thrombocytopenia [PLADO]) by the NHLBI, where thrombocytopenic patients were 
randomized to receive low, medium or high doses based on the patient body surface 
area, demonstrated no clinically significant difference in bleeding between the three 
arms and will likely lead to a reduction in the dose of platelets which are prophylacti-
cally administered in non-bleeding thrombocytopenic hematology/oncology patients, 
and a change to per kg body-weight platelet dosing.

therapeutic transfusion: In adults, a typical platelet dose is a single apheresis 
product or 4–6 whole blood derived platelet units pooled, which will represent a plate-
let dose of 3–4  1011 platelets and can be expected to increase the patients’ platelet 
count by 30,000–60,000/l. In neonates and pediatrics, the dose of apheresis platelets 
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is usually 10  ml/kg or 1 whole blood derived unit/10 kg with an expected increase in 
platelet count of 50,000–100,000/l. As above, a significant number of clinical condi-
tions (fever, sepsis, DIC, bleeding, etc.) can be expected to decrease the expected post-
transfusion increment.

response to platelet transfusions (i.e. platelet increment) can be assessed by 
improvement of bleeding and through measuring the posttransfusion platelet incre-
ment typically collected 15 to 60 minutes posttransfusion. each transfused product 
should increase an adult’s platelets by at least 10,000/l, and if the platelet increment is 
below 10,000/l on at least two occasions then the cause for platelet transfusion refrac-
toriness should be sought (see Chapter 49). A more formal evaluation of the platelet 
increment can be performed, usually using the corrected count increment (CCI); the 
CCI takes the patient’s size and the number of platelets in the product into account 
(Table 30.1).

Table 30.1 Calculation of Corrected Count increment (CCi)

CCI
Body surface area m platelet count increment
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Example: if 5  1011 platelets are transfused to a patient whose body 
surface area is 2.0 m2 and the increase in post-transfusion platelet count 
is 30,000/l, then:
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Product selection:

AbO compatibility: In general, ABO type-specific platelet transfusions should 
be administered. However, platelet supply is often suboptimal, and selection of out-
of-group platelets for transfusion is not uncommon. As ABO antigens are present on 
the surface of platelets, lower recovery of ABO-incompatible platelets will be observed 
compared to compatible platelets (i.e. group A product being transfused to a group O 
recipient versus a group O product to a group O recipient), but this difference is not 
typically of clinical significance.

More important, however, is the co-administration of ABO-incompatible plasma 
present in the platelet product. As some O donors, and thus O plateletpheresis prod-
ucts, have high titer anti-A, often of both IgG and IgM classes, a positive direct anti-
globulin test can result or, in some cases immediate hemolysis can result which can be 
fatal. It is thus recommended that the anti-A titer of group O platelets be determined, 
and only those with low titers be administered to group A patients.

In addition, ABO-incompatible plasma transfused into patients after HPC trans-
plantation has been associated with deceased patient survival. This finding requires 
further validation.

Neonates and infants should receive ABO type-specific products. If these are not 
available, it is recommended that the product be washed or volume reduced.
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d compatibility: The D antigen is not on platelets but is present on any residual 
rBCs within the product. When present in sufficient dose, these D-positive rBCs 
can result in anti-D formation and future risk of HDFN. If a D-negative product is 
not available for a female with child-bearing potential, rh immune globulin (rhIg) 
should be administered to prevent immunization. Hematology/oncology patients are 
at lower risk of forming anti-D in this circumstance, as they are significantly immuno-
suppressed. Clinical consultation may be required.

adverse events: Platelet products, like other blood components, may result in 
adverse events, including infectious disease transmission (e.g. HIV, hepatitis C, and 
hepatitis B) and non-infectious hazards. The non-infectious hazards of transfusion 
include hemolytic transfusion reaction (usually from ABO-incompatible plasma 
within the product, especially a group O platelet product being transfused to a group 
A recipient), febrile non-hemolytic transfusion reaction, allergic reaction, and TrALI. 
Septic reactions related to bacterial contamination do occur as described above.

alternatives and future considerations: Methods that replace plasma with 
appropriately constituted additives prior to storage would likely decrease hemolytic 
transfusion reactions, TrALI and potentially residual bacterial risk, and might also 
improve platelet survival and function following storage by improving metabolic 
parameters. These platelet additive solutions (PAS) are under investigation in the US, 
and have the potential to allow for prolonged platelet storage of up to 10 days. Storage 
of platelet products at 4°C would significantly decrease bacteria-related complications. 
However, at present no storage medium has been reproducibly found to accomplish 
this objective. The addition of some forms of sugar molecules may allow this practice, 
and is under investigation. Both lyophilized platelets and infusible platelet membranes 
appear to have some ability to function as “platelet substitutes,” but neither is at the 
point of regulatory approval. Finally, pathogen-inactivation technologies by definition 
include removal of plasma as the storage solution, and thus may have the benefits of a 
PAS as above. Again, these are investigations only in the US at this time.

International standards:

buffy coat Prepared: Many countries outside the US use buffy coat prepared 
platelets derived from whole blood. Whole blood first goes through a hard spin, after 
which the rBCs and plasma are removed, leaving the buffy coat. The buffy coat is then 
softly spun, after which the residual white blood cells are removed (i.e. leukoreduction), 
leaving the platelet concentrate. These buffy coat platelet concentrates can be pooled 
(prestorage) and stored in a single donor’s plasma.

Platelet Solutions: In a variety of locations around the world including europe, a 
variety of platelet solutions is approved for use. These PAS contain sodium chloride, 
potassium chloride, magnesium chloride, sodium acetate, and sodium gluconate or 
phosphate at present. The electrolytes in PAS inhibit platelet activation and aggrega-
tion, and acetate is used as a metabolic fuel and buffer.

Pathogen-reduction/-inactivation technologies: Outside the US, pathogen-
inactivation technologies are available, which minimize, or nearly eliminate, the risk 
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of bacterial, viral and protozoal transmission. In addition, some methods inactivate 
white blood cells, which may eliminate the need for irradiation to prevent transfusion-
associated graft versus host disease. As above, these technologies remove plasma from 
the product and thus mitigate hemolytic transfusion reactions and TrALI.

Quality Assurance: In UK, whole blood and apheresis derived platelets must contain 
2.4  1011 platelet, and 90% of products must contain 1.0  106 white blood cells 
(99% must contain 5.0  106 white blood cells) in order to be labeled leukoreduced.

Recommended Reading
British Committee for Standards in Haematology, Blood Transfusion Task Force 

(Chairman P. Kelsey). (2003). Guidelines for the use of platelet transfusions. Br J 
Haematol 122, 10–23.

Hedges SJ, Dehoney SB, Hooper JS et al. (2007). evidence-based treatment recom-
mendations for uremic bleeding. Natl Clin Pract Nephrol 3, 138–153.

Kaufman rM. (2006). Platelets: testing, dosing and the storage lesion-recent advances. 
Hematology Am Soc Hematol Educ Program, 492–496.

Prowse C. (2007). Zero tolerance. Transfusion 47, 1106–1109.
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C H A P T e r  31
Product Names: Cryoprecipitated Antihemophilic Factor (thawed cryoprecipitated 
AHF; cryoprecipitated AHF, pooled; also called cryoprecipitate and cryo).

Description: Cryoprecipitate is made from human plasma. When fresh frozen 
plasma (FFP) is thawed in the cold (1–6°C), a precipitate forms (the cryoprecipitate) 
which, after the supernatant (cryosupernatant, cryoprecipitate-poor or cryoprecipi-
tate-reduced plasma) is removed, is refrozen. Its main constituents are fibrinogen, 
fibronectin, Factor VIII, von Willebrand Factor (VWF) and Factor XIII.

Indications: Originally, cryoprecipitate was used as Factor VIII replacement for 
hemophilia A patients, but now there are more purified and virally inactivated or 
recombinant products available. Thus, use of this product for this reason is essentially 
contraindicated in the developed world. Similarly, this product should not be used to 
treat von Willebrand disease, as more purified and virally inactivated products con-
taining VWF and Factor VIII are available. Currently, cryoprecipitate is used primarily 
for fibrinogen replacement, occasionally as Factor XIII replacement, and in the manu-
facturing of fibrin sealants and glue (see Table 31.1).

Table 31.1 Primary and secondary indications, common 
misuses, and underutilization of cryoprecipitate

Primary indications

acquired/congenital hypofibrinogenemia
massive transfusion with bleeding
as a component of fibrin glue/sealants
Factor Xiii deficiency
Reversal of thrombolytic therapy with bleeding

Secondary indications

Hemophilia a
von Willebrand disease
uremic coagulopathy

Common misuses

Replacement therapy in patients with normal fibrinogen measurements
Reversal of warfarin therapy
Treatment of bleeding without evidence of hypofibrinogenemia
Treatment of hepatic coagulopathy

Common underutilization

massive transfusion with dilutional coagulopathy and bleeding
175
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Fibrinogen replacement: Hypofibrinogenemia occurs in patients with dissemi-
nated intravascular coagulopathy (DIC), with liver failure, during the anhepatic phase 
of liver transplantation surgery, and during massive transfusion via a dilutional coag-
ulopathy. In an actively bleeding patient or prior to surgery, cryoprecipitate should 
be given when fibrinogen levels fall below 100  mg/dl. When the fibrinogen does fall 
below 100  mg/dl, there is a prolongation of the prothrombin test (PT) and activated 
partial thromboplastin time (PTT) that cannot be corrected by the infusion of FFP. 
Once the PT and PTT are critically abnormal, with significant bleeding in the patient, 
it can be more important to intervene with the transfusion of a pool of cryoprecipitate 
than to await laboratory results.

Cryoprecipitate is also used for fibrinogen replacement in patients with congeni-
tal or acquired abnormalities in fibrinogen, such as dysfibrinogenemia or hypofi-
brinogenemia. Low fibrinogen levels are detected by measuring fibrinogen, but 
 dysfibrinogenemia, where fibrinogen is present but functionally defective, can be best 
detected by the thrombin time.

Massive transfusion: Massive transfusion, defined as the replacement of one 
blood volume with rBC products (i.e. 10 products in an adult), is often complicated 
by coagulopathy secondary to dilution and consumption of platelets and coagulation 
factors. Fibrinogen decreases to 100 mg/dl after approximately two blood volumes  
(i.e. 20 rBC products in an adult) are replaced. Therefore, cryoprecipitate use should 
be incorporated into the treatment of massively transfused patients, either as part of a 
massive transfusion protocol or as replacement once fibrinogen levels begin to decline 
(see Chapter 50).

Fibrin glue or Fibrin Sealant: Fibrin sealant is the combination of thrombin and 
fibrinogen mixed with calcium to form fibrin, which is used as a topical hemostatic 
agent. Products may contain antifibrinolytics (i.e. aprotinin) to reduce fibrinolysis, 
or Factor XIII to increase the strength of the clot. A variety of commercially FDA-
approved and individually produced fibrin sealants are available. Bovine thrombin 
products are commonly used, but have the risk of severe allergic reactions and anti-
body formation. Antibodies to bovine thrombin can cross-react with human Factor V, 
leading to acquired Factor V deficiency and a risk of hemorrhage. In contrast, human 
thrombin, though virally inactivated, has the small risk of transfusion-transmitted dis-
ease. Currently there are two fibrin sealant products which are commercially available 
in the US. Alternatively, automated devices also exist to produce fibrin sealant from 
autologous plasma. Another option is autologous fibrin glue prepared from the cryo-
precipitated portion of autologous plasma; after thawing, this material is mixed with 
bovine thrombin immediately before application to the surgical field site. A disadvan-
tage of fibrin sealant is that it takes time to prepare, especially in the autologous set-
ting, and also time for the clot to form.

Factor XIII deficiency: Factor XIII deficiency is a rare autosomal recessive con-
genital deficiency. Factor XIII plays an important role in the cross-linking of polym-
erized fibrin. Patients present with bleeding and delayed wound healing, usually first 
noted at the umbilical stump or following circumcision. They have normal PT and 
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PTT tests, but increased clot solubility. The half-life of Factor XIII is 9–15 days. Until 
Factor XIII concentrates are FDA approved, cryoprecipitate is the appropriate blood 
product for Factor XIII replacement.

Bleeding Complications after thrombolytic therapy: Approximately 1% 
and 4% of patients who receive thrombolytic therapy for either myocardial infarction 
and stroke, respectively, have intracranial hemorrhage. Cryoprecipitate has been used 
in the algorithm to treat these life-threatening bleeds; it is especially indicated if the 
fibrinogen is 100 mg/dl.

Uremic Bleeding: Cryoprecipitate has been reported to shorten the bleeding time 
in some uremic patients, and it has a variable hemostatic effect. Therefore, in addition 
to DDAVP, platelet transfusion and dialysis, it may have an adjunctive role.

Processing and storage: A single unit of cryoprecipitate is manufactured from one 
unit of FFP which has been frozen to 18°C within 8 hours of collection if collected in 
CPD, CP2D or CPDA-1 anticoagulants, or within 6 hours if collected in ACD anticoag-
ulant. Cryoprecipitate can be made from FFP within 12 months of the FFP collection. 
To make cryoprecipitate, FFP is slowly thawed to 1–6°C; the resulting cold-insoluble 
proteins are centrifuged to the bottom of the bag, and the supernatant is expressed. The 
remaining proteins are refrozen within 1 hour at –18°C in a small amount of remain-
ing plasma/anticoagulant solution. The supernatant plasma, also known as plasma cry-
oprecipitate-reduced or cryoprecipitate-poor supernatant, is also refrozen for storage 
at 18°C, and later may be used in the treatment of thrombotic thrombocytopenic 
purpura (TTP). The volume of a single unit of cryoprecipitate is 10–15 ml, and for 
dosing purposes is usually pooled, post-thaw, into a single bag of 10 pooled units for 
transfusion. Some blood centers now supply cryoprecipitate in pre-pooled units from 
five donors. Cryoprecipitate must be used within 12 months of collection.

Preparation and administration:

aBO/d Compatibility: Since cryoprecipitate contains negligible amounts of rBCs 
and minimal isohemagglutinins, anti-A and/or anti-B, choosing units with ABO or D 
compatibility is not necessary for most adult and pediatric patients. Neonatal transfu-
sion guidelines often recommend the use of ABO-compatible cryoprecipitate.

thawing and Pooling: Cryoprecipitate takes 10–15 minutes to thaw in a 30–37°C 
water bath. Prior to administration, cryoprecipitate is usually pooled for easier infusion; 
this takes an additional 10–15 minutes. Therefore, it can take more than 30 minutes 
to prepare pooled cryoprecipitate. Some blood centers and transfusion services have 
started to manufacture and store pre-pooled cryoprecipitate, which eases the process of 
thawing and administration, especially in times of emergency such as trauma and liver 
transplantation. After thawing, the cryoprecipitate is maintained between 20–24°C.

Expiration: Once thawed, a single unit of cryoprecipitate expires in 6 hours; pooled 
units or open system units expire in 4 hours.

Quality assurance: Per AABB Standards, each unit of cryoprecipitate must contain 
a minimum of 150 mg of fibrinogen (it usually contains 250–350 mg) and a minimum 
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of 80 IU of Factor VIII (it usually contains 80–120 IU). In addition, cryoprecipitate 
contains 30–60 mg of fibronectin, 40–60 IU of Factor XIII, and 80 IU of VWF.

Dose:

Fibrinogen deficiency States: One unit of cryoprecipitate will increase the fibrin-
ogen concentration by approximately 50 mg/dl per 10 kg of body weight. The dose of 
cryoprecipitate for fibrinogen replacement can be calculated by first determining the 
mg of fibrinogen required (desired fibrinogen level (mg/dl) initial fibrinogen level 
(mg/dl))  plasma volume (ml)/100 ml/dl. The number of units of cryoprecipitate is 
the mg of fibrinogen required divided by 250 mg of fibrinogen/unit. While the above 
calculation is the most precise, most clinicians will order a single dose of a 10-unit 
pool of cryoprecipitate (an equivalent of one blood volume’s worth), and re-measure 
the fibrinogen level.

Factor XIII deficiency States: One unit of cryoprecipitate for every 10–20 kg 
given every 3–4 weeks prophylactically, and higher doses more frequently in the set-
ting of active bleeding, is a common strategy, with laboratory measurements obtained 
as indicated.

adverse events: Cryoprecipitate is a human plasma derived product, and cur-
rently there are no available virally inactivated products that replace cryoprecipitate 
or its fibrinogen component. Adverse reactions include fever, chills and allergic reac-
tions. Large volumes of ABO-incompatible cryoprecipitate may cause a positive direct 
antiglobulin test and have, rarely, been reported to cause mild hemolytic transfusion 
reactions.

International standards: In the UK, cryoprecipitate is manufactured from a 
single unit of FFP by rapid freezing to less than 30°C then thawing slowly to 4°C. 
Current guidelines require that 75% of the units of cryoprecipitate include at least 
140 mg of fibrinogen and 70 IU/ml of Factor VIII with a 24-month storage period.

recommended reading
Hedges SJ, Dehoney SB, Hooper JS et al. (2007). evidence-based treatment recom-

mendations for uremic bleeding. Natl Clin Pract Nephrol 3, 138–153.
Stinger HK, Spinella PC, Perkins JG et al. (2008). The ratio of fibrinogen to red cells 

transfused affects survival in casualties receiving massive transfusions at an army 
combat support hospital. J Trauma 64, S79–85.
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C H a p T e R  32
Description: Granulocytes are the immune system’s main cellular defense against 
bacterial and fungal infections. Transfusion of granulocytes is considered a therapeu-
tic modality for severe bacterial and fungal infections in patients with prolonged neu-
tropenia and with functional neutrophil disorders. Good theoretical and experimental 
evidence demonstrating granulocyte transfusion efficacy exists in preventing and 
treating severe infection. Clinical evidence has been more difficult to interpret, with 
efficacy equivocal in many studies, and further trials hindered by limitations in collect-
ing “adequate doses” of leukocytes from healthy donors. However, the recent develop-
ment and use of granulocyte-colony stimulating factor (G-CSF) to stimulate normal 
donors has generated renewed interest in granulocyte transfusions. preliminary clini-
cal evidence, when granulocyte dose per patient body weight is optimized, suggests 
efficacy; however, well-designed randomized clinical trials are necessary to definitively 
establish granulocyte transfusions as a viable therapeutic modality in the treatment of 
severe bacterial and fungal infections in patients with functional neutrophil disorders 
or neutropenia. Such a trial is underway as of this writing.

Granulocyte products typically:
l contain  1  1010 granulocytes, 10–30 ml of RBCs and 1–6  1010 platelets,
l must undergo crossmatch and an emergency release procedure as results of infec-

tious disease testing may be unknown at the time of administration,
l should be irradiated and CMV safe, and
l should be transfused within 24 hours of collection.

Indications: Data from remote and recent trials do not allow for a definitive set 
of indications, or contraindications, for granulocyte transfusion. Data from the 
1970–1980s supported efficacy, but patients in those reports did not have access to 
current antimicrobial (antibiotic and antifungal) medications. In the 1990s, investiga-
tors considered that even with more modern antimicrobial medications granulocyte 
transfusion might be clinically helpful because mobilization strategies using G-CSF 
allow higher doses of neutrophils to be collected and infused. However, no defini-
tive, randomized trial has been accomplished. Currently (2008) a study (The RING 
Study [Resolving Infection in Neutropenia with Granulocytes]) is underway through 
the Transfusion Medicine/Hemostasis Clinical Trials Network funded by the NHLBI, 
which is investigating the use of G-CSF/dexamethasone mobilized high-dose granulo-
cytes in infected neutropenic patients. Results are not likely to be available until 2010.

Neonatal sepsis: Neonates are at particular risk for bacterial and fungal infec-
tion because of their diminished storage pool of neutrophils, which can be rapidly 
depleted; neonates also have a qualitative defect of neutrophil function. In 1992, Cairo 
and colleagues performed a clinical trial involving 35 neonates with neutropenia and 
179
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sepsis randomized to receive either intravenous immunoglobulin (n  14) or granu-
locyte transfusion (n  21); survival was significantly higher in the granulocyte trans-
fusion group (100% survival) versus in the immunoglobulin group (64% survival). 
Vamvakas and colleagues performed a meta-analysis of seven clinical studies in adults 
and five clinical trials in neonates with sepsis, and reported on the efficacy of granu-
locyte transfusions in the treatment of bacterial sepsis. These investigators found that 
the most significant factor in all of the studies showing favorable outcomes was the 
dose of granulocytes transfused.

Neutrophil function defects: patients whose neutrophils have defects in adhe-
sion and motility generally develop cutaneous abscesses with common pathogens 
such as Staphalococus aureus, or have mucous membrane lesions caused by Candida 
albicans; they can also develop sepsis from these common pathogens or from other 
gram-positive or gram-negative bacteria. Disorders of phagocytic microbicidal activ-
ity such as chronic granulomatous disease (CGD) are also associated with cutaneous 
abscesses, lymphadenitis, pulmonary infections and sepsis. These patients also tend to 
have deep-seated abscesses in the liver, lungs and gastrointestinal tract. Granulocyte 
transfusions in CGD are supported by the observation that a small number of normal 
neutrophils may be able to compensate for the metabolic defect in CGD neutrophils.

Numerous case reports document the potential benefit of granulocyte transfusions 
in this patient population. For example, in 2000 Bielorai and colleagues published a 
case report demonstrating the successful treatment of invasive pulmonary aspergil-
losis and osteomyelitis in a 4-year-old boy with X-linked CGD undergoing stem cell 
transplantation, and a 2001 case report by Watanabe and colleagues described the suc-
cessful treatment of a 20-year-old CGD patient with antibiotic-resistant pneumonitis 
and aspergillus osteomyelitis undergoing hematopoietic progenitor cell (HpC) trans-
plantation. However, the value of granulocyte transfusions in patients with these dis-
eases has not been studied in a prospective controlled clinical trial.

Neutropenic patients: In 1995, Strauss reviewed 32 papers that studied the efficacy 
of granulocyte transfusions in neutropenic patients and found that about 60% of the 
more than 200 patients with bacterial sepsis showed improvement and recovery from 
their infection. In 2000, price and colleagues reported that of 11 patients with bacterial 
and candidial infections, 8 cleared their infections; however, none of the patients with 
invasive aspergillus cleared their infections.

In 2005, Stanworth and colleagues reported a meta-analysis performed on eight 
parallel randomized controlled trials which included 310 patient episodes. Mortality, 
extracted from six trials using standard dosing, favored granulocyte transfusion 
(RR  0.64), while four studies that transfused 1  110 granulocytes indicated a  
significant summary (RR  0.37). Still, the authors suggested that there was incon-
clusive evidence to definitively support a positive role for granulocyte transfusion 
therapy.

also in 2005, Mousset and colleagues studied the effects of granulocyte transfu-
sions on acute and recurrent infections in patients undergoing HpC transplantation 
and reported that granulocyte transfusion achieved control of acute life-threatening 
infections in 82% of patients (36/44). In 2006, Oza and colleagues studied 151 HpC 
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transplant patients; compared with the control group, patients who received granulo-
cytes demonstrated a significant reduction in the percentage with fever (64.2% versus 
82.7%, p  0.03) and days on antibiotics (9 versus 11, p  0.03). However, no differ-
ence was noted in length of stay or 100-day survival. also in 2006, Grigull and col-
leagues published a retrospective review of 32 neutropenic children with sepsis who 
received granulocyte transfusions. Survival rates of 73% (bacterial infection), 57% 
(fungal), 25% (viral) and 60% (fever only) were observed. Granulocyte transfusions 
were felt to be safe, efficacious treatment for neutropenic pediatric patients with sepsis.

Processing and storage:

Collection: There are two main methods of collecting granulocytes from donors: 
filtration and continuous flow centrifugation leukapheresis. The filtration technique 
employs nylon fibers and procures a large yield of cells; however, the fibers of the filter 
damage and activate the leukocytes, promoting granule release and activation of the 
complement system. Therefore, most blood collection centers employ the continuous 
flow centrifugation separation apheresis method for collecting granulocytes.

apheresis employs a commercial blood cell separator which selectively removes the 
leukocyte fraction of the blood and returns most of the RBC and platelet fractions to 
the donor. Final granulocyte yield is dependent on the total volume of blood proc-
essed, as well as the white blood cell count of the donor at the time of donation. The 
donor’s erythrocyte sedimentation rate may be used to predict collection efficiency.

Collection efficiency may be enhanced by the addition of pentastarch, hetastarch 
and/or hydroxyethyl starch (HeS), all of which increase density gradients in the 
apheresis device, thus improving collection by facilitating separation of the leukocytes 
from RBCs. Donor side-effects, such as allergic reactions, edema and weight gain, may 
occur with these agents.

Donor stimulation with G-CSF and/or corticosteriod increases the granulocyte 
product yield as stated above. G-CSF and/or dexamethasone are administered 8–16 
hours prior to product collection. Side-effects include bone-pain, headache, insomnia, 
fluid accumulation and weight gain.

storage: Granulocyte storage should be at 20–24°C without agitation. Granulocyte 
products have been stored in this manner for up to 8 hours without any reduction of 
their chemotactic or adhesion properties. However, at between 8 and 24 hours of stor-
age the ability of the transfused granulocytes to migrate to areas of inflammation may 
be decreased. More recent data by Hubel and colleagues in healthy volunteer donors 
that were treated with G-CSF and dexamethasone 12 hours prior to collection dem-
onstrated that L-selectin expression declined, but CD11b, CD18, CD14, CD16, CD32 
and CD64 expression were maintained. Bactericidal and fungicidal activities were sus-
tained during storage for 48 hours at 10°C. additional studies have shown prolonged 
neutrophil function after G-CSF donor stimulation.

Patient selection, Dose Preparation, administration and toxicities:

patient selection: Typically, candidates for granulocyte transfusion have neutro-
penia with an aNC  500/l, and fungemia, bacteremia, and/or proven or probable 
invasive tissue fungal or bacterial infection or proven neutrophil dysfunction.
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dose: It is generally recommended that the dose of granulocytes should be 4  1010, 
once daily, either until significant clinical improvement is noted or the endogenous 
aNC is 500/l, or 42 days, whichever comes first. Most often, 5 days of granulocyte 
products are ordered from the blood center so as to have donors recruited, stimulated 
and ready to donate; at 5 days the clinical picture is reassessed, and additional days of 
granulocytes are ordered as needed.

preparation: Most authorities recommend that the granulocyte product be irra-
diated in order to prevent Ta-GVHD, and some authorities prefer granulocyte col-
lection from an HLa-matched donor, although this is not typically feasible when 
the patient is receiving granulocytes on a daily basis. CMV-seronegative granulocyte 
donors are required for CMV-seronegative recipients (since granulocyte products 
cannot be leukoreduced). Because granulocytes often have a greater than 0.5% hemat-
ocrit, aBO compatibility is required and a crossmatch must be performed.

Administration: Infusion of a granulocyte product should occur within 24 hours 
of the beginning of the collection. Given this short shelf-life, the results of most infec-
tious disease testing for granulocyte donors may not be known at the time of product 
release for transfusion. Thus, an emergency release procedure is usually required by 
the blood center or collecting facility. Granulocytes should not be transfused through 
leukoreduction or microaggregate filters. One study by Wright and colleagues dem-
onstrated increased pulmonary toxicity when granulocytes were co-administered with 
amphotericin B; thus generally this co-administration is avoided when possible.

Toxicities: Fever and chills are relatively common symptoms that occur during 
granulocyte transfusions. More severe side-effects, such as respiratory distress and 
hypotension, are rare events, and have been associated with the concomitant admin-
istration of amphotericin B and granulocytes. as with other blood products, granu-
locyte transfusion has the potential risk of transmitting infectious agents, such as 
hepatitis viruses, HIV and CMV.

Quality assurance: Granulocyte products are not licensed by the Food and Drug 
administration (FDa). aaBB Standards requires that at least 75% of products contain 
at least 1  1010 granulocytes.

International Issues: The UK National Blood Service has guidelines for granulo-
cyte transfusion which include a method for preparing granulocytes by pooling buffy 
coats for adults or children. each buffy coat is 50 ml with a 45% hematocrit, and con-
tains 1–2  109 WBCs and 9  1010 platelets. a pool of 10 is usually used for adults; 
children 50 kg are dosed at 10 ml/kg. The guidelines state that “granulocyte transfu-
sions can be used as supportive therapy in patients with life-threatening neutropenia 
caused by bone marrow failure or neutrophil dysfunction” and the benefits should 
outweigh the risks.

In a 2003 publication by the French Health products agency, the minimum 
number for granulocytes in products was defined as 2  1010 with a maximum regu-
latory storage period of 12 hours. The indications for transfusion were noted to be 
“rare,” and granulocyte products were not validated for use in neonatal patients. It is 
likely that a positive result from the RING trial described above will affect practice 
guidelines for granulocyte transfusion worldwide.
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Albumin, the most abundant protein in human plasma (50–60% of the total 
plasma protein content), accounts for 80–85% of the osmotic pressure of plasma and 
therefore maintains and regulates plasma volume. Albumin also acts as a carrier for 
other physiologic molecules and administered drugs. In the US, albumin is available 
in 5% and 25% solutions, with albumin comprising 96% of the total protein content. 
Albumin infusions draw fluids from the extravascular space into the intravascular 
space, and thus are used primarily to maintain intravascular volume and increase 
osmotic pressure; 25% albumin solution will draw 3.5 times the amount of volume 
administered into the intravascular space.

Indications: Albumin was initially used as a treatment for shock during World War 
II, but its use has expanded to the treatment of various conditions such as hypoalbu-
minemia, malnutrition, hypotension and fluid replacement, though many of these 
uses are not supported by data from randomized clinical trials. As the use of albumin 
expanded, its cost increased and periodic shortages in supply were observed. This, in 
part, led the University Health System Consortium to establish guidelines for albumin 
administration in 2000; also, the Cochrane Collaboration has published systematic 
reviews of, and recommendations for, albumin use in specific clinical circumstances.

Importantly, the advantages and disadvantages of albumin infusion versus the use 
of non-protein colloid (such as dextran or hetastarch) or crystalloid solutions have 
not been well addressed in appropriately designed studies. Thus, albumin adminis-
tration should be based on an individual patient’s clinical status. Clinical situations 
where albumin is commonly administered are described below.

Therapeutic Plasma Exchange: Albumin is the primary replacement fluid used in 
therapeutic plasma exchange (TpE), except in clinical disorders which require replace-
ment with specific factors present in plasma. For example, patients with thrombotic 
thrombocytopenic purpura (TTp) require plasma products (i.e. fresh frozen plasma 
[FFp] and cryoprecipitate reduced plasma) as the replacement fluid to restore levels of 
the deficient metalloprotease (ADAMTS13) (see Chapter 93).

The use of albumin alone or in combination with another replacement fluid such 
as normal saline, rather than plasma, reduces adverse events such as viral transmission, 
allergic reactions and transfusion-related acute lung injury (TrALI), and is considered 
by many to be the most appropriate and indicated use of albumin solutions; however, 
some cautions apply.

Specifically, in patients receiving angiotensin converting enzyme (ACE) inhibitor 
therapy and in whom TpE is accomplished, albumin use can cause hypotension, 
bradycardia and flushing. This reaction is due to the patient’s inability to metabolize 
(secondary to ACE inhibition) the bradykinin that is contained in albumin prepara-
tions, and that produced during TpE. The use of FFp or colloid starches instead of 
185
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albumin as the TpE replacement fluid may be considered in these patients. Another 
option is to use albumin, but to monitor the patient more closely for hypotension, 
substituting FFp or colloid starches if an untoward reaction does occur. A third pos-
sibility is to delay commencement of TpE if possible. Slow infusion rates are generally 
recommended if albumin solutions are chosen in patients on ACE therapy.

Ovarian Hyperstimulation Syndrome: Ovarian hyperstimulation syndrome 
(OHSS) is usually a result of iatrogenic administration of human chorionic gonado-
trophin (hCG) to induce ovulation. OHSS is typified by enlarged ovaries which release 
vascular endothelial growth factor that can result in increased capillary permeability. 
This in turn leads to a fluid shift out of the intravascular compartment to the abdomi-
nal/pleural spaces, resulting in ascites and hypovolemia. In the most severe form, the 
patient can develop tense ascites, oliguria, dyspnea, hemodynamic instability and 
thromboembolism. Treatment includes fluid restriction, analgesics, and close moni-
toring; occasionally hospitalization may be necessary.

Mild OHSS occurs in approximately one-third and moderate to severe in approxi-
mately 5% of women receiving exogenous hCG. Increased risks of OHSS include young 
age, low body weight, polycystic ovarian syndrome, high-dose hCG, high or rapid rise 
in estradiol level, and previous history of OHSS. In addition, the risk is proportional to 
the number of developing follicles and number of oocytes retrieved. Moderate to severe 
OHSS can be mitigated by closely monitoring women during treatment and subse-
quently withholding or reducing hCG administration when there is a large number of 
intermediate-sized developing follicles present, or when estradiol levels are elevated.

The Cochrane Collaboration systematically reviewed five randomized clinical trials 
of albumin administration in OHSS, and concluded that there is a decreased incidence 
and severity of OHSS when albumin is administered during oocyte retrieval in high-
risk women. In contrast, Bellver and colleagues published a large randomized trial 
which demonstrated no difference in moderate to severe OHSS when 40 g of albumin 
was administered after the retrieval of 20 or more oocytes. Therefore, current data are 
inconclusive regarding the use of albumin in the prevention of OHSS.

Cirrhosis with Spontaneous Bacterial Peritonitis: Spontaneous bacterial 
peritonitis is complicated by renal failure in 30% of patients. The pathophysiology is 
thought to be secondary to an increase in intraperitoneal nitric oxide leading to systemic 
vasodilation and effective hypovolemia, which results in renal vasoconstriction and sub-
sequent renal failure. In a single randomized clinical trial, albumin infusion with anti-
biotics decreased the risk of renal failure and improved mortality in cirrhotic patients 
with spontaneous bacterial peritonitis, when compared to administration of antibiot-
ics alone. In this trial, 1.5 g/kg body weight of albumin was administered at the time of 
detection and then 1.0 g/kg was administered at day 3.

Large-volume Therapeutic Paracentesis: Albumin is often used in cirrhotic 
patients undergoing large-volume paracenteses ( 5 liters) for diuretic-refractory 
ascites in order to mitigate renal and circulatory system dysfunction. A randomized 
control trial compared the use of diuretics alone versus diuretics plus albumin in this 
patient population, and demonstrated a decrease in hospital stay by 3 days. In addi-
tion, patients who received albumin in this trial had a lower probability of developing 
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ascites at 12, 24 and 36 months, and a lower probability of readmission. While some 
studies have shown no survival difference upon comparison of crystalloid (or other 
non-protein colloids) administration and albumin administration (typically at a dose 
of 5–10 g of albumin per liter of ascites removed), albumin administration remains a 
not uncommon practice after large-volume paracentesis.

Nephrotic Syndrome: Nephrotic syndrome is secondary to increased permeability 
of the glomerular capillary basement membranes leading to increased urinary protein 
excretion, which results in hypoalbuminemia, edema, renal failure and hyperlipidemia. 
Treatment is focused on mitigating the underlying cause of the nephrotic syndrome, 
on diuretic therapy and on a sodium-restricted diet. Albumin administration (replace-
ment) combined with diuretics has been used with the intent of increasing vascular 
pressure at the glomerulus, and thus to increase diuresis. One earlier study did reveal 
some increased natriuresis; however, several more recent studies have shown no ben-
efit to this combination, or worse outcomes including hypertension, respiratory dis-
tress and electrolyte abnormalities. For this reason, albumin replacement in nephrotic 
patients is currently considered a second-line therapy for refractory cases when stand-
ard treatment with diuretics and diet restriction has failed.

Hypoalbuminemia: Hypoalbuminemia occurs secondary to decreased production 
(such as in liver disease) or increased loss (such as nephrotic syndrome) of albumin, 
which leads to intravascular volume depletion and peripheral or pulmonary edema. 
A recent small randomized trial demonstrated a decrease in organ dysfunction in 
hypoalbuminemic critically ill patients with the administration of albumin, compared 
to no albumin administration. Albumin infusion for this indication is considered to 
be controversial.

Contraindications: Albumin may be contraindicated in any disease state that 
would be exacerbated by volume expansion, including (but not limited to) severe 
anemia, congestive heart failure and pulmonary edema. In addition, albumin is con-
traindicated in patients who have experienced previous anaphylactic reactions after 
receiving it.

Adverse Effects: Adverse effects of albumin administration are rare; these include 
changes in vital signs (heart rate, blood pressure and respiration), nausea, fever/chills, 
and allergic reactions. Furthermore, since negatively-charged albumin binds cal-
cium, administration can lead to hypocalcemia and related complications. Albumin 
solutions may also contain trace amounts of aluminum, which can cause toxicity in 
infants and in patients with chronic renal failure. Because albumin acts to increase 
osmotic pressure, rapid infusion can lead to significant shifts in intravascular volume, 
and resultant circulatory overload (including pulmonary edema) is possible. These 
shifts can also cause a dilutional anemia and electrolyte imbalances.

Cost and Usage: The choice of replacement fluid has considerable cost implica-
tions. Albumin is over 30 times more expensive than crystalloids, and is often used 
in situations where randomized control trials have not shown a difference in patient 
mortality. The cost incurred due to inappropriate albumin use is substantial. In a ret-
rospective US hospital audit of 15 academic health centers, over $200,000 was spent on 



188� Anne�M.�Winkler,�MD�and�Beth�H.�Shaz,�MD
albumin and non-protein colloid solutions at all participating institutions in less than 
1 month. Of that amount, only $49,702 (24%) was spent on “appropriate indications”; 
the remainder (76%) was spent on either “inappropriate” or “unevaluated” indica-
tions. All indications were deemed “appropriate” or “inappropriate” by retrospective 
evaluation of guideline-based algorithms for various clinical situations. Another study 
has shown albumin over-usage rates of 57.8% in adults and 52.2% in pediatrics. In 
this study, the most common inappropriate uses were for intradialytic blood pressure 
support and hypoalbuminemia. Similar trends have also been reported in Europe, 
which has initiated the development of guidelines for colloid administration.

Manufacturing: Although recombinant albumin is presently under study, current 
preparations of albumin solutions are purified from human sources (manufactured 
from either whole blood or plasmapheresis donations). The preparations must have 
96% of the protein composition consisting of albumin. Additionally, the product con-
tains non-albumin proteins ( 4%), endotoxins, trace metals (aluminum), prekal-
likrein activator, bradykinin, sodium, potassium and stabilizers (sodium caprylate 
and/or sodium acetyltryptophanate).

The manufacturing process includes steps to prevent transfusion-transmitted dis-
eases, including heat treatment (60°C for 10 hours) and cold ethanol fractionation. To 
date, no transmission of HIV or hepatitis C has been reported due to albumin. There 
has been a single lot of plasma protein fraction (ppF) product that transmitted HBV 
(see ppF section below); however, this was a single isolated event, and no HBV trans-
mission has been reported for purified albumin. While processing does reduce the risk 
of contamination, the risk of microbial contamination does still remain. In fact, seven 
patients developed Pseudomonas bacteremia after receiving albumin from the same lot 
in the 1970s.

The US Food and Drug Administration (FDA) mandates testing on final albumin 
products, which includes determination of protein concentration, protein composi-
tion, pH, sodium concentration, potassium concentration, and visual comparison to 
controls after heat treatment. Moreover, this information must be provided by the 
manufacturer on the product label. Each manufacturer must comply with the stand-
ards of the US pharmacopeia (USp), and perform additional testing such as nucleic 
acid testing (NAT) for HBV, HCV and HIV.

Storage: Albumin is stored at room temperature in either glass or specialized plas-
tic containers for up to 2 years. Albumin solutions are inspected for turbidity by the 
manufacturer, and prior to use as a quality control measure to detect potential bacte-
rial contamination.

Preparation and Administration: preparation and products vary, but albumin 
is most commonly provided in 5% and 25% concentrations in the US; the former is 
slightly hyperoncotic to human plasma and therefore may result in a dilutional ane-
mia, while the latter is significantly hyperoncotic and therefore may result in dilutional 
anemia, pulmonary edema and circulatory overload. The concentration to be used is 
determined based upon the patient’s clinical volume status. Typically, 5% albumin 
expands the volume equal to the volume of albumin infused; whereas 25% albumin 
will expand the volume by 3.5 times by drawing fluid into the intravascular space. 
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Thus, if 25% albumin is used in dehydrated patients, additional fluids are indicated to 
avoid further exacerbating dehydration of tissues.

It is possible to dilute 25% albumin, but it must be diluted with normal saline only. 
Dilution with sterile water can lead to hemolysis of patient rBCs due to hypotonicity, 
and has resulted in death. Smaller doses may also be diluted with 5% dextrose in water 
(D5W), but large volumes of D5W-diluted albumin may lead to hyponatremia with 
resultant sequelae, including cerebral edema. In any case, clinical factors surrounding 
fluid status should guide product choice in the context of the above considerations.

Albumin Dosing:

Adult Dosing: A typical initial adult does is 25 g, which may be repeated in 15–30 
minutes, depending on the patient response. In a 48-hour period, a maximum of 250 g 
of albumin can be infused; however, no standard dose of albumin is applicable to all 
 clinical situations, and clinical parameters must be used to determine appropriateness 
of response. Infusion rates vary depending on the albumin concentration, to prevent 
complications of rapid volume expansion; as a guideline, 5% albumin solutions are 
started at a rate of 1–2 ml/min and increased to a maximum rate of 4 ml/min, while 
25% albumin solutions are not infused at rates  1 ml/min. However, infusion rates 
may be increased in patients with hypoproteinemia.

Pediatric Dosing: Dosing in pediatrics is dependent on the clinical indication for 
administration. A typical dose for hypoproteinemia is 0.5–1.0 g/kg per dose of 25% 
albumin that can be repeated every 1 to 2 days. For infants and children with hypovo-
lemia, 0.5–1.0 g/kg per dose can be administered up to a maximum of 6 g/kg per day. 
For neonates with hypovolemia the typical dose is 0.25–0.5 g/kg as a 5% solution, and 
the 25% solution should be avoided. Lastly, dosing for infants and children with neph-
rotic syndrome varies from 0.25 to 1.0 g/kg per dose of 25% albumin.

Other Colloid Solutions: Alternatives to albumin for plasma expansion include 
crystalloids (e.g. 0.9% sodium chloride [normal saline], ringer’s lactate), alternate 
protein colloids (e.g. plasma protein fraction [ppF]) and non-protein colloids (e.g. 
dextran, geletan and starches). Crystalloids and non-protein colloids have not demon-
strated a benefit over albumin, but are less expensive. Non-protein colloids have been 
associated with side-effects, including coagulopathy, pruritis, and head and back pain.

Plasma Protein Fraction: plasma protein fraction (ppF), an alternative to albu-
min for plasma expansion, is seldom used because it is associated with more frequent 
hypotensive and allergic reactions than albumin. Like albumin, it is derived from 
human plasma and comes as a 5% solution. ppF must contain at least 83% albumin 
and  1% can be gamma globulin. ppF was associated with a single outbreak of hepa-
titis B secondary to failure of heating in the manufacturing process in 1973. No further 
documentation of transfusion-transmitted diseases in ppF or albumin has occurred.

Dextrans: Dextran is a synthetic colloid consisting of a mixture of glucose polymers 
derived from the action of Leuconostoc mesenteroides on sucrose, and is currently 
available in 10% dextran 40 (40 kDa) and 6% dextran 70 (70 kDa) formulations. 
Dextrans have a high water-binding capacity; for example, 1 g of dextran 40 retains 
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30 ml of water, while 1 g dextran 70 retains 20–25 ml of water. Dextran is mostly 
 eliminated by the kidneys and, as a result, should be avoided in patients with impaired 
renal function. Moreover, renal dysfunction has been reported after dextran infusion. 
Other side-effects of dextrans include anaphylactic/anaphylactoid reactions, and sig-
nificant effects on coagulation. Dextrans can induce an acquired von Willebrand’s 
syndrome by decreasing the activity of von Willebrand factor (VWF) and Factor VIII 
and enhancing fibrinolysis, resulting in potential bleeding sequelae following dex-
tran administration. Dextrans were historically used to maintain circulation in shock 
and the setting of reperfusion injury, due to its ability to reduce endothelial cell dam-
age from activated leukocytes. However, the use of dextrans is declining owing to the 
abovementioned adverse reactions.

Gelatins: Gelatins are synthetic colloids composed of polypeptides produced from 
the degradation of bovine collagen. Gelatins are sterile, pyrogen free, do not con-
tain preservatives and, when stored at room temperature, have a 3-year expiration 
date. The molecular size varies, and high molecular weight products have greater 
oncotic effect and increased blood viscosity. However, the increase in blood volume 
is generally less than the amount administered due to the passage of gelatins into the 
interstitial space and rapid renal clearance. As a result, repeated infusions are necessary 
to maintain intravascular volume. Similar to dextrans, gelatins also affect hemostasis 
by interfering with platelet function. Therefore, due to the inefficiency and potential 
bleeding complications, gelatins are a less commonly used colloid.

Hydroxyethylene Starch: Hydroxyethylene starch (HES) is a class of synthetic col-
loids derived from amylopectin, a starch obtained from maize or potatoes, which is 
a similar polysaccharide to glycogen. HES is commercially available in multiple con-
centrations (3%, 6% and 10%) and a variety of molecular weights; it is important to 
recognize this because of the effects on intravascular volume expansion and the dose-
dependent adverse effects on hemostasis and renal function. In general, HES solutions 
can retain 20–30 ml of water per gram; however, 50% of HES is degraded and excreted 
renally within 24 hours of administration. HES is being increasingly used for volume 
expansion in the critically ill, especially in Europe where the use of albumin is declining.
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Human immune globulin (Ig), albumin, and coagulation factor concentrates are 
commonly prepared by cold ethanol fractionation (Cohn fractionation) from large 
pools of whole blood or apheresis derived plasma, and are typically referred to as plasma 
derivatives (Figure 34.1). Ig preparations are concentrated, purified and sterilized,  
making the risk of infectious disease transmission from Ig virtually zero. Ig prepara-
tions can be made for intramuscular (IM) or intravenous (IV) administration, and 
the clinical indications for Ig are many and varied. Below, a description, indications, 
 dosing, mechanism of action, preparation and storage, potential adverse events and 
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international considerations are presented for intravenous immune globulin (IVIG) 
and hyperimmune globulin preparations available or in common use. rhIg (rh 
immune globulin) and other plasma derivatives are discussed in Chapters 35 and 
143–149 respectively.

Intravenous Immune Globulin (IVIG):

Description: IVIG is derived from human plasma, and is a highly purified product 
that consists mostly of IgG and has a half-life of 21–28 days. IVIG is used to replenish 
IgG in patients with congenital hypogammaglobulinemia. It also has immunomod-
ulatory properties, resulting in an increasing list of both FDa-approved and non-
approved indications.

Mechanism of Action: For patients with acquired or congenital Ig deficiency 
(hypo- or agammaglobulinemia), IVIG supplements or replaces the missing antigen-
specific humoral component of their immune system. Since IVIG contains a diverse 
collection of antibody specificities, this protects patients from increased susceptibility 
to infections by classical elimination of opsonized infectious organisms by antibody-
dependent cell-mediated cytotoxicity or by complement activation. these processes 
are followed by lysis and/or neutralization of soluble infectious proteins by immuno-
complex formation and elimination through the reticuloendothelial system.

In the treatment of autoimmune disorders or other diseases associated with  
antibodies, IVIG results in immunomodulation and may alleviate the symptoms of 
the disease. the mechanisms of Ig-induced immunomodulation are incompletely 
understood, but include:
l macrophage Fc receptor blockage by immune complexes formed between the IVIG 

and native antibodies,
l modulation of complement,
l suppression of antibody production,
l suppression of inflammatory cytokines and chemokines, and/or
l anti-idiotypic regulation of autoreactive B lymphocytes or antibodies.

indications and Dose: there are currently six FDa-approved indications for IVIG, 
and an expanding list of off-label uses (table 34.1). the FDa-approved indications 
and some of the non FDa-approved indications are listed below, an extensive list of 
all diseases for which IVIG could potentially be used is beyond the scope of this book. 
there are multiple different products of IVIG, and these products may be reconsti-
tuted in different concentrations and with different liquids (sterile water, 5% dextrose, 
and 0.9% saline), according to the manufacturers’ instructions. Not all products have 
been FDa-approved for each of the listed indications, and each disease indication has 
an individual recommended dose. Many clinicians use the different IVIG products 
interchangeably.

FDA-approved Indications:

Primary immune deficiency: Patients with primary immunodeficiency syndromes 
have decreased levels of IgG and increased susceptibility to infections. Prophylactic 
administration of IVIG reduces the number and duration of infections. the typical 
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Table 34.1 Some of the indicators for iViG administration

FDA-approved indications Off-label indications

Primary immune deficiency aplastic anemia secondary to parvovirus

Secondary immune deficiency Chronic inflammatory demyelinating 
polyradiculoneuropathy

idiopathic thrombocytopenic purpura dermatomyositis

Kawasaki disease Guillan-barré syndrome

Hemolytic disease of the fetus and newborn

Hypogammaglobulinemia associated with 
multiple myeloma

igM paraproteinemic demyelinating neuropathy

lambert-eaton myasthenic syndrome

Multifocal motor neuropathy

Multiple sclerosis

Myasthenia gravis

Neonatal alloimmune thrombocytopenia

Organ transplantation

Posttransfusion purpura

Sepsis and septic shock in adults

Stiff-person syndrome

maintenance dose for adults is 400–600 mg/kg every month (recommended doses per 
manufacturer range from 200 to 600 mg/kg every 3–4 weeks).

Secondary immune deficiency: Patients with secondary immunodeficiency 
syndromes have acquired disorders of the immune system, which may be caused 
by hematologic malignancy (e.g. chronic lymphocytic leukemia [CLL]), infection 
(e.g. Human Immunodeficiency Virus [HIV]) or immunosuppressive therapy 
(e.g. related to human progenitor cell [HPC] transplantation). IVIG is effective at 
preventing infection in patients with hypogammaglobinemia associated with CLL, 
but the cost-effectiveness of this treatment has been debated. the efficacy of IVIG 
in preventing bacterial infection in patients with HIV infection in the current era of 
Harrt and prophylactic trimethoprim-sulfamethoxazole is unknown. In the past, 
IVIG was used in HPC transplant patients to decrease infection and acute graft-
versus-host disease, but it has been shown to result in delayed recovery of recipient 
humoral responses; therefore, the clinical benefit of IVIG use in HPC recipients 
is unclear. the typical dose of IVIG is 400 mg/kg every 3–4 weeks, but a wide 
variety of doses has been used in clinical trials assessing its usefulness in secondary  
immunodeficiency states.
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idiopathic Thrombocytopenic Purpura: Idopathic thrombocytopenic purpura 
(ItP) is a bleeding disorder characterized by immune-mediated platelet destruction 
and resultant thrombocytopenia. the most effective pharmacologic therapies for 
acute ItP currently are corticosteroids, IVIG and rhIg. rhIg may only be used in D 
positive individuals who have not undergone splenectomy. Both rhIg and IVIG have 
a rapid but temporary response. the typical dose of IVIG is 2000 mg/kg given over 
2–5 days (see Chapter 87 ItP).

Kawasaki disease: Kawasaki disease is an acute, self-limited childhood disorder 
manifested by fever, bilateral conjunctivitis, rash, and cervical lymphadenopathy. 
Kawasaki disease is associated with systemic vasculatis, which may result in coronary 
artery aneurysms in 15–25% of untreated children. In order to prevent coronary 
artery aneurysms, a single infusion of IVIG is given with aspirin within 7 days of 
illness presentation. the typical dose is 2000 mg/kg given as a single infusion.

Off-label Indications:

aplastic anemia Secondary to Parvovirus: Parvovirus B19 infection can result in 
severe anemia and reticulocytopenia, especially in immunocompromised individuals 
or individuals with sickle cell disease or thalassemia, and the use of IVIG may be 
beneficial in the treatment of these patients (typical dose 1000 mg/kg over 1–2 days).

Chronic inflammatory demyelinating Polyradiculoneuropathy: Chronic 
inflammatory demyelinating polyradiculoneuropathy (CIDP) is a chronic disorder 
resulting in demyelination of peripheral nerves, which leads to weakness and sensory 
changes. equivalent outcomes have been observed in the treatment of CIDP with IVIG 
(reported dose 2000 mg/kg over 2–5 days), plasma exchange or glucocorticosteriods. 
the decision as to which treatment to use is made on an individual basis, balancing 
the risks and benefits of each treatment modality.

dermatomyositis: Dermatomyositis is a chronic inflammatory disorder which 
results in progressive weakness and rash. IVIG (typical dose 2000 gm/kg per month 
for three months) results in improved muscle strength and neuromuscular symptoms.

Guillain-barré Syndrome (acute inflammatory demyelinating Polyneuropathy): 
Guillain-Barré syndrome is an acute demyelinating peripheral neuropathy affecting 
both motor and sensory nerves. IVIG (typical dose 400 mg/kg per day for 5 days) 
is likely equivalent to tPe in improving disability and shortening the time to 
improvement.

Hemolytic disease of the Fetus and Newborn: Hemolytic disease of the fetus and 
newborn (HDFN) results from maternal rBC alloantibodies binding to fetal/neonatal 
rBCS and may result in hemolysis. IVIG has been used at a dose of 1000 mg/kg to 
treat newborns with HDFN. In addition, maternal IVIG infusion (with or without 
therapeutic plasma exchange) has been used in severe cases of HDFN where treatment 
must occur prior to the ability to perform intrauterine transfusion.

Hypogammaglobulinemia associated with Multiple Myeloma: Multiple 
myeloma is a monoclonal B-cell (plasma cell) disorder with clinical symptoms 
arising as a result of plasma cell infiltration of the bone marrow, monoclonal Ig in the 
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blood and urine, and immunosuppression. IVIG has been shown to be beneficial in 
preventing serious infections in plateau-phase multiple myeloma, where the patients 
have hypogammaglobinemia, at doses of 300–400 mg/kg monthly.

igM Paraproteinemic demyelinating Neuropathy: Paraproteinemic demyelinating 
neuropathy is a chronic disorder resulting in decreased sensory and motor function, 
similar to CIDP, in association with monoclonal immunoglobulins. IVIG (total dose of 
2000 mg/kg) may improve overall disability.

inclusion body Myositis: Inclusion body myositis is an inflammatory myopathy 
resulting in chronic muscular weakness. IVIG (dose 2000 mg/kg per month for 3 
months) appears to result in better strength scores and duration of improved swallowing, 
but is equivalent to treatment with glucocorticosteriods in small clinical studies.

lambert-eaton Myasthenic Syndrome: Lambert-eaton myasthenic syndrome 
results from antibodies to the neuromuscular junction, leading to autonomic 
dysfunction. IVIG (dose 1000 mg/kg for 2 days) improves strength and decreases 
serum calcium channel antibody titers.

Multifocal Motor Neuropathy: Multifocal motor neuropathy is a chronic 
progressive disorder resulting in primarily hand weakness. IVIG improved strength at 
a dose of 400 mg/kg per day for 5 days.

Multiple Sclerosis: Multiple sclerosis is a chronic progressive or relapsing and 
remitting disorder characterized by brain white-matter demyelination. there are four 
randomized, double-blind clinical trials in patients with relapsing-remitting multiple 
sclerosis, using a wide range of IVIG doses, that have demonstrated the success of 
IVIG in reducing the number of exacerbations and the disability in patients with this 
form of multiple sclerosis.

Myasthenia Gravis: Myasthenia gravis is a chronic neurologic autoimmune disorder, 
characterized by weakness and fatigue upon repetitive use which improves with rest. 
IVIG used for acute exacerbation of myasthenia gravis at a dose of 1000–2000 mg/kg 
appears comparable to plasma exchange.

Neonatal alloimmune Thrombocytopenia: Neonatal alloimmune throm-
bocytopenia (NaIt) results from maternal platelet alloantibodies against the fetal/
neonatal platelets resulting in neonatal/fetal thrombocytopenia. the treatment 
of NaIt during pregnancy is maternal administration of 1000 mg/kg IVIG 
weekly, beginning at 20–24 weeks of gestational age, with or without the use of 
glucocorticosteroids. Moreover, the neonate may need to receive IVIG and platelet 
transfusions after delivery to increase fetal platelet counts to prevent intracerebral 
hemorrhage, at a dose of 1000 mg/kg (see Chapter 81).

Organ Transplantation: HLa antibodies result in antibody-mediated rejection 
of solid organ transplants, especially kidney and cardiac transplants. In order for 
some patients who have HLa antibodies to undergo transplantation, these antibodies 
must be removed or decreased with immunosuppressive agents, IVIG and/or plasma 
exchange. In addition, IVIG with or without plasma exchange is used in the treatment 
of antibody-mediated rejection.
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Posttransfusion Purpura: Posttransfusion purpura (PtP) is a rare complication 
of transfusion resulting in acute, profound thrombocytopenia, secondary to platelet 
antibodies which destroy both transfused and autologous platelets. PtP treatment 
with IVIG at a dose of 2000 gm/kg over 2–5 days results in a rapid increase in platelet 
count (see Chapter 61).

Sepsis and Septic Shock in adults: the use of IVIG in adult patients with bacterial 
sepsis or septic shock is potentially beneficial, but further studies are needed.

Stiff-person Syndrome: Stiff-person syndrome is a neurologic disorder associated 
with truncal and limb rigidity and heightened sensitivity. IVIG (dose 2000 gm/kg 
per month for 3 months) results in a significant decrease in stiffness and heightened 
sensitivity.

Preparation and Administration:

Production: IVIG production is regulated by the IUIS/WHO (International 
Union of Immunological Societies/World Health Organization), which require the 
following:
l the source material must be plasma obtained from a minimum pool of 10,000 

donors;
l the product must be free of prekallikrein activator, kinins, plasmin, preservatives, or 

other potentially harmful contaminants;
l Iga content and IgG aggregate levels need to be as low as possible;
l the product must contain at least 90% intact IgG;
l the IgG should maintain opsonin activity, complement binding, and other biologi-

cal activities;
l the IgG subclasses should be present in similar proportions to those in normal 

pooled plasma;
l antibody levels against at least two species of bacteria (or toxins) and two viruses 

should be determined;
l the product must demonstrate at least 0.1 IU of hepatitis B antibody per mL, and a 

hepatitis a radioimmunoassay titer of at least 1 : 1000; and
l the manufacturer should specify the contents of the final product, including the 

diluent and other additives, and any chemical modification of the IgG.

Plasma Collection: IVIG is derived from plasma collected either by whole blood 
donations as recovered plasma (20%), or by apheresis as source plasma (80%).

Processing: Manufacturers differ in the steps used to fractionate, purify and stabi-
lize Ig, in the methods used to inactivated and/or remove viruses, and in the formula-
tion of the final product. Cold ethanol is commonly used for fractionation, and the 
product is then purified by filtration (nanofiltration, ultrafiltration, depth filtration), 
chromatography and/or precipitation. Viral inactivation is achieved by heat (pas-
teurization) and chemical/enzymatic methods (incubation at low pH with or without 
enzymatic treatment, treatment with methylene blue, psoralens, riboflavin, caprylate, 
or solvent detergents). to limit IgG aggregates, ion exchange chromatography, treat-
ment with pepsin at a pH of 4, polyethylene glycol and/or stabilizers (such as sucrose, 
glucose, glycine, maltose, sorbitol and/or albumin) are used.
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Selecting a Product: Products are available in liquid or lyophilized forms. the 
lyophilized forms can be reconstituted to a variety of different concentrations and 
osmolarities, depending on the amount of liquid used and the choice of liquid (sterile 
water, 5% dextrose, or 0.9% saline) conditional on the manufacturers’ instructions. 
No other medications or fluids should be mixed with IVIG. Different IVIG products 
have differences in concentration of additives, Iga content, osmolarity, osmolality 
and pH (table 34.2). the antibody titers and biologic function of different products 

Table 34.2 Variables to Consider When Choosing an iViG Product

Variable Clinical significance

Sucrose The Fda issued a warning letter stating that the 
administration of sucrose-containing products 
may increase the risk of development of acute 
renal failure. Patients at increased risk include 
those with any degree of pre-existing renal 
insufficiency, diabetes mellitus, age 65 years, 
volume depletion, sepsis, paraproteinemia, and 
concomitant nephrotoxic drugs.

Sorbitol Patients with hereditary fructose intolerance who 
receive sorbitol- or fructose-containing products 
may develop irreversible multi-organ failure.

Glucose Glucose-containing products should be used 
with caution in patients with diabetes or renal 
dysfunction and the elderly.

Glycine Glycine-containing products are associated with 
increased frequency of vasomotor events.

Maltose Some glucose monitors may interpret maltose as 
glucose and give falsely elevated results, which 
may result in iatrogenic insulin overdose.

Sodium High sodium products should be cautiously given 
to patients with heart failure or renal dysfunction, 
to neonates, young children, the elderly, and those 
at risk for thromboembolism.

pH low-pH products should be administered 
cautiously to those with compromised acid-base 
compensatory mechanisms, such as neonates or 
those with renal dysfunction.

Osmolality and osmolarity The osmolality and osmolarity should be con-
sidered in patients with heart disease or renal 
dysfunction, young children, elderly, and those at 
risk for thromboembolism.

Volume The volume should be considered when adminis-
tering iViG to volume-sensitive patients, including 
patients with renal dysfunction, heart disease, 
elderly, neonates, and small children.

Modified from Hillyer CD, Silberstein Le, Ness PM et al. (eds). (2007). Blood Banking and 
Transfusion Medicine: Basic Principles & Practice, 2nd edition. San Diego, Ca: elsevier.
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are not typically tested, even though there may be a potentially clinically significant 
 difference between products. Most hospital pharmacies only stock a limited number 
of IVIG products.

Administration: the FDa has approved IM and IV Ig products; subcutaneous 
administration is an off-label use that may be helpful when venous access is difficult, 
or for home self-administration. the rate of infusion for those not previously exposed 
to IVIG is low (0.01 mL/kg per minute), but can then be gradually increased to 0.03–
0.06 mL/kg per minute, and to a maximum rate of 0.06–0.10 mL/kg per minute, 
depending on the product (see manufacturers’ instructions). Infusion in patients at 
risk for renal dysfunction or thrombosis should also be slow. Vital signs should be 
monitored every 15 minutes for the first hour, and then every 30–60 minutes. the 
most common adverse reactions, such as headache, nausea, vomiting, chills, fever and 
malaise, seem to be related to the rate and dose of infusion.

Adverse events: adverse effects occur in approximately 2–10% of infusions, and 
include erythema, phlebitis, eczema, fever, chills, myalgias, malaise, flushing, rash, 
diaphoresis, pruritus, bronchospasm, chest pain, back pain, dizziness, blood pressure 
changes, nausea, vomiting, and headache. reactions are the result of either allergy 
or the rate/dose of the infusion. those that are dose-related may be ameliorated by 
decreasing the rate or dose of infusion. In addition, adverse reactions differ among dif-
ferent preparations, such that patients may tolerate one product better than another.

Anaphylactic Reactions: Individuals who are Iga deficient and have anti-Iga may 
have anaphylactic reactions to IVIG products. there are products with low Iga con-
tent (2.2 g/mL) for use in Iga deficient individuals.

Aseptic Meningitis: this is characterized by severe headache, nuchal rigidity, drow-
siness, fever, photophobia, painful eye movements, nausea and vomiting, beginning 
6–48 hours after infusion. Patients with a history of migraine and who have received 
high-dose Ig treatment appear more susceptible. the cerebrospinal fluid demonstrates 
pleocytosis and elevated protein. the symptoms resolve in hours to days.

Renal Failure: the FDa issued a warning letter in 1998 regarding the association 
between acute renal failure and the administration of IVIG (see table 34.2).

Thromboembolic Events: IVIG has been associated with deep venous thrombo-
sis, myocardial infarction, cerebrovascular accidents, transverse sinus thrombosis 
and pulmonary embolism, possibly related to increase in blood viscosity after IVIG 
administration. Patients who receive large doses rapidly, as well as elderly, overweight 
or immobilized patients and patients with cardiovascular disease, are thought to be at 
highest risk for this complication.

Passively Acquired Antibodies: Patients who receive IVIG may passively acquire a 
variety of antibodies, including anti-HBc and anti-CMV, and therefore this may result 
in false-positive serologic testing. the testing can either be repeated at a later time inter-
val, or non-serologic methods can be used to determine the presence of the infectious 
agent. Blood group antibodies may also be passively acquired, particularly anti-a and/
or anti-B, resulting in a positive direct antiglobulin test or, rarely, significant hemolysis.
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Table 34.3 Hyper-ig Preparations, indications and dose

Hyper-ig indication Dose

botulism ig botulism in infants only 1 ml/kg (50 mg/kg) iV

Cytomegalovirus (CMV) 
ig

No clear recommendations

Hepatitis a ig Unvaccinated individuals at 
high risk of infection

0.02 ml/kg iM prior to or within  
2 weeks of exposure

Hepatitis b ig Unvaccinated individuals at 
high risk of infection

0.6 ml/kg iM within 24 hours

infants born to hepatitis b 
positive mothers

0.5 ml iM

Prevention of recurrent 
hepatitis b in liver 
transplantation recipients

20,000 iU iV concurrent with 
graf-ting of the transplanted liver, 
then 20,000 iU/day iV on days 1–7 
post-operatively, then 20,000 iU iV 
every 2 weeks starting on day 14 
post-operatively, then 20,000 iU iV 
every month starting on month 4 
postoperatively; target serum anti-
Hbs concentration 500 iU/l; if the 
serum anti-Hbs concentration is 
500 iU/l within the first week of 
transplantation, increase the dose to 
10,000 iU iV every 6 hours until the 
target is reached

Rabies ig Rabies exposure 20 iU/kg iM up to 7 days after 
exposure

Respiratory syncytial 
virus (RSV) ig

Prophylaxis for high-risk 
infants (children under 
24 months of age with 
bronchopulmonary dysplasia, 
chronic lung disease or history 
of premature birth)

750 mg/kg monthly during the 
RSV season; alternate treatment is 
palivizumab, which is a monoclonal 
antibody to RSV.

Tetanus ig Prophylaxis of tetanus 
infection in patients with 
traumatic injuries, other than 
a minor, clean wound, who 
have not been immunized 
within the last 5 years

250 U iM or for children under 7 
years of age either 4 U/kg or 25 U iM; 
with concomitant vaccination

Tetanus infection 3000–6000 U iM within 24 hours of 
infection

Vaccinia ig Serious adverse reactions to 
smallpox vaccine

Obtained from the Center for disease 
Control or the US department of 
defense

Varicella-zoster virus ig Unvaccinated 
immunocompromised 
individuals or neonates who 
are exposed to varicella

125 U/10 kg iM (minimum dose of 
125 U and maximum dose of 625 U 
within 96 hours of exposure)
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Hemolytic Transfusion Reactions: a recent review demonstrated a 1.6% inci-
dence of decreased hemoglobin after IVIG administration, especially in non-group O 
women in an inflammatory state receiving large doses of IVIG. the proposed mecha-
nism is from passively transfused anti-a and/or anti-B antibodies within the product.

Transfusion Related Acute Lung Injury: there has been a single case report 
of possible transfusion related acute lung injury (traLI) occurring after IVIG 
administration.

Infectious Disease Transmission: the risk of infectious disease transmission is 
near zero, as above, due to donor interview and testing, fractionation, and additional 
safety steps (such as ultrafiltration) resulting in viral reduction.

Hyperimmune Globulin Products: Hyperimmune globulin (Hyper-Ig) prod-
ucts are manufactured from donors with high titers of the Ig specificity of interest. 
the high titers of the donors can be achieved by natural immunity, prophylactic 
immunizations, or through target immunizations. Hyper-Ig products should contain 
at least five-fold increased titers compared to standard preparations of IVIG, accord-
ing to IUIS/WHO (table 34.3).

Pathophysiology: Hyper-Ig products transfer a specific passive immunity for a 
variety of conditions. Selected opsonized cellular targets are lysed through comple-
ment activation or by antibody-dependent cell-mediated cytotoxicity, while soluble 
target antigens are bound in immunocomplexes and eliminated by the reticuloen-
dothelial system.

Preparation and Administration: Hyper-Ig products are manufactured in a sim-
ilar manner to IVIG.

Adverse events: Local adverse reactions such as tenderness, pain, soreness, or stiff-
ness of the muscle may occur at the site of intramuscular injection. In addition to the 
adverse events associated with IM administration, adverse events similar to those with 
IVIG are associated with hyper-Ig.

recommended reading
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Burdick MD, Pifat DY, Petteway Sr, Cai K. (2006). Clearance of prions during plasma 
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for pediatric acute idiopathic thrombocytopenic purpura. Cochrane Database Syst 
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C H a P T E R  35
Rh immune globulin (RhIg) is a human-plasma derived product consisting of IgG 
antibodies to the D antigen. It is most commonly used to prevent immunization to 
the D antigen in D-negative individuals, and for the treatment of idiopathic thrombo-
cytopenic purpura (ITP). Perinatal administration has decreased the risk of forming 
anti-D in D-negative women carrying D-positive infants from approximately 13% to 
0.1%, and substantially reduced the risk of Rh hemolytic disease of the fetus and new-
born (HDFN).

Each dose of RhIg suppresses the immune response (“masks the D antigen”) for up 
to a certain amount of whole blood or D-positive red blood cells (RBCs) (Table 35.1). 
The measurement of the amount of D-positive RBCs within the patient is imprecise, 
and therefore the dose of RhIg recommended is greater than the exact dose calculated 
(see below). The half-life of RhIg is 21 days.

Table 35.1 RhIg Vial Size and the Corresponding amount 
of Whole blood or RbCs Neutralized

Vial size IU Whole blood (ml) RBCs (ml)

50 g  250   5  2.5

120 g  600  12  6

300 g 1500  30 15

1000 g 5000 100 50

The mechanism of action for the prevention of D immunization is likely due to the 
anti-D neutralizing the D antigen on D-positive RBCs, but the exact mechanism is not 
known. RhIg is used most commonly in the antenatal/postnatal prevention of anti-D 
formation in D-negative women, and the prevention of anti-D formation in D-negative  
recipients of D-positive blood products.

Indications in the Prevention of Anti-D Formation:

Perinatal Administration: If a pregnant woman is D-negative and has not been 
previously sensitized to the D antigen, then she should receive RhIg during pregnancy 
to prevent anti-D formation and the risk of HDFN in future pregnancies. antepartum 
and postpartum dosing is usually with 300 g of RhIg, though some institutions pre-
fer to give a vial of 50 g at 12 weeks gestational age, but there is a risk of inad-
vertent misadministration of the lower dose. Outside of the US, varying doses from 
100–300 g of RhIg are administered antepartum and postpartum.
205
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RhIg is administered:
l at 28 weeks gestational age (dose 300 g),
l at delivery, if the neonate is D-positive, weak-D positive, or D untested (mini-

mum dose of 300 g, further dosing determine by fetomaternal hemorrhage 
[FMH] testing), and

l following perinatal events associated with FMH, such as abortion, ectopic preg-
nancy, amniocentesis, chorionic villus sampling, external cephalic version, 
abdominal trauma, and antepartum hemorrhage (minimum dose of 300 g, fur-
ther dosing determine by FMH testing if 20 weeks gestational age).

after a perinatal event or delivery beyond 20 weeks gestational age, when the 
fetal blood volume exceeds 30 ml, quantification of FMH is recommended. Multiple 
methods for determining the FMH volume are described in Chapter 43. If a FMH is 
detected, then the dose of RhIg should be calculated as shown in Table 35.2.

Table 35.2 Calculation of RhIg Dosing

% Fetal RbCs in maternal circulation is determined by Kleihauer-betke test or flow cytometry.

Maternal blood volume (ml)  70 ml/kg  maternal weight (kg), or 5000 ml if maternal weight 
unknown

Fetal bleed (ml)  % fetal RbCs  maternal blood volume

Dose of RhIg  fetal bleed (ml)/30 ml per dose (300-mg vial)

If the number to the right of the decimal point is 5, round down and add one dose of RhIg  
(e.g. 2.3 → 2  1  3 vials).

If the number to the right of the decimal point is 5, round up and add one dose of RhIg  
(e.g. 2.6 → 3  1  4 vials)

In all situations, RhIg should be administered within 72 hours of the event. If a 
dose is not administered during that timeframe, then it should be administered as 
soon as possible, even up to 28 days after the event.

D-positive Blood Product Transfusion into a D-negative Recipient:
Individuals who receive D-positive blood products can be given RhIg to prevent D 
alloimmunization. Reasons to prevent D sensitization include women with child-
bearing potential, to prevent future risk of HDFN, or individuals who require ongo-
ing transfusion support. If an entire RBC product (250 ml RBCs) is administered, 
then multiple doses of RhIg can be administered; however, there is a potential risk 
of hemolysis as a result of the RhIg itself. When multiple D-positive RBC products 
are transfused to a D-negative female with child-bearing potential, case reports have 
used a combination of RBC exchange with replacement using D-negative RBCs and 
RhIg to prevent D sensitization. Whole-blood derived platelets contain approximately 
0.5 ml of RBCs, and an apheresis platelet product contains less than 2 ml (usually  
significantly less). Given the small volume of RBCs in platelet products, a single  
300 g dose of RhIg will prevent immunization for up to 30 whole-blood derived 
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platelet products and 7 apheresis platelet products. Granulocyte transfusions contain 
10–30 ml of RBCs, and therefore, to prevent anti-D formation, a dose of at least 600 g 
should be administered.

Indications in Idiopathic Thrombocytopenia Purpura: ITP is a bleeding 
disorder characterized by immune-mediated platelet destruction and resultant throm-
bocytopenia. The most effective pharmacologic therapies for acute ITP currently are 
corticosteroids, intravenous immune globulin (IVIG) and RhIg. RhIg can be used to 
treat ITP in D-positive patients with intact spleens. It is thought to work by binding 
the D antigen on D-positive RBCs and thus blocking receptor-mediated phagocytosis 
in the spleen; additional mechanisms include modulation of Fc receptor expression 
and immunomodulation.

For ITP, dosing is typically based on the patient’s hemoglobin (Hgb): 50 g/kg if 
the Hgb is 10 g/dl and 25–40 g/kg when Hgb is 8–10 g/dl. The administration 
of RhIg results in a decrease in Hgb, and therefore should be used with caution in 
patients with Hgb 8 g/dl. a second dose may be given if there is no response to the 
first dose, and should be adjusted to the Hgb level (see Chapter 87).

Preparation and Administration: RhIg is prepared from pooled plasma after 
cold alcohol fractionation and subsequent purification and infectious disease reduc-
tion technologies. RhIg is formulated in intravascular and/or intramuscular prepara-
tions, depending on the product; IV injections are more comfortable for patients than 
IM injections, if the patient has venous access. The IV formulation should be used in 
ITP patients or other patients with thrombocytopenia in order to prevent intramus-
cular bleeding.

Adverse Events: Reactions to low-dose RhIg include fever, chills, pain at the injec-
tion site and, rarely, hypersensitivity reactions. administration of large doses of RhIg 
for the treatment of ITP can result in a mild hemolytic reaction in approximately 
20% of infusions, and in intravascular hemolysis in approximately 0.7%, with com-
plications including hemoglobinuria, pallor, hypotension, sinus tachycardia, oligu-
ria, anuria, edema, dyspnea, ecchymosis, prolonged bleeding time and, rarely, death. 
Transfusion related acute lung injury has been associated with the administration of 
RhIg in the treatment of ITP.

The risk of infectious disease transmission is limited by donor testing, fractiona-
tion and additional safety steps (such as ultrafiltration) resulting in viral reduction. 
Due to improvements in viral reduction, no reported case of infectious disease trans-
mission has occurred since the mid-1990s, when there was an outbreak of hepatitis C 
transmission from RhIg.

International Standards: There is no universal policy regarding the dosing of 
perinatal prophylactic RhIg, and the dosing varies throughout the world from 100 g 
in the UK to 100–120 g in Canada, and 200–250 g in many European countries.

Recommended Reading
andemariam B, Bussel J. (2007). New therapies for immune thrombocytopenic pur-

pura. Curr Opin Hematol 14, 427–431.
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C H A p T E R  36
Irradiation, usually gamma irradiation, of blood products is performed to abro-
gate the risk of transfusion associated graft versus host disease (TA-GVHD), which is 
a rare and almost universally fatal complication of blood transfusion with no success-
ful treatment options. Radiation results in the generation of electrons which damage 
the DNA of lymphocytes, and therefore make the lymphocytes unable to proliferate. 
A few institutions and countries practice universal irradiation of cellular blood prod-
ucts (see below), but most choose to irradiate cellular blood products only for those 
patients at increased risk for development of TA-GVHD (see Chapter 62).

Risk of TA-GVHD: It is difficult to quantify the incidence of TA-GVHD for any 
patient population because the number of patients with the disease, the number of 
patients with the disease who are transfused and the number of transfusions or type 
of products each patient receives are not known. The risk is therefore derived from 
case reports or hemovigilance data, which may be biased by under-recognition, misdi-
agnosis and under- and passive reporting of TA-GVHD. Still, TA-GVHD is very rare; 
the most accurate incident data can be obtained from hemovigilance systems, such as 
the UK SHOT (Serious Hazards of Transfusion), which reported 13 cases from 25 mil-
lion platelet and RbC products transfused from 1996 to 2005, or a risk of 1 : 2,000,000 
products transfused. Even though TA-GVHD is rare, it is, as above, a lethal condition, 
and irradiation of products is highly effective, non-toxic in general to the irradiated 
cells in the product, and relatively inexpensive; irradiation is therefore highly recom-
mended in indicated individuals.

Indications for Irradiated products: Table 36.1 lists the clear indications, the 
indications deemed appropriate by most authorities, and the indications for which 
irradiation is considered unwarranted by most authorities for irradiated blood prod-
ucts. Even in centers of excellence, some divergence of indications for irradiation does 
occur, so each blood and transfusion service should develop its own criteria and indi-
cations in concert with ordering physicians.

Guidelines and standards for Irradiation and mitigation of TA-GVHD: 
AAbb Standard 5.17.3 states that

“the transfusion service shall have a policy regarding the transfusion of 
irradiated components; at a minimum cellular components shall be irradiated 
when a patient is identified as being at risk for TA-GVHD, the donor of the 
component is a blood relative of the recipient, and the donor is selected for 
HLA compatibility, by typing or crossmatching.”

The US currently does not have established or widely adopted guidelines or  
indications for irradiation of blood components, and thus the indications vary from 
209



210� Beth�H.�Shaz,�MD�and�Christopher�D.�Hillyer,�MD
institution to institution, as suggested above. Results of a survey performed by the 
AAbb Transfusion practice Committee of irradiation practices in 1990 demonstrated 
that: 88% of institutions provided irradiated components for patients with allogeneic 
hematopoietic progenitor cell (HpC) transplantation, 81% for autologous HpC trans-
plantation, 62% for congenital immunodeficiency syndrome, 54% for premature new-
born, 51% for leukemia, 40% for organ transplantation, 34% for Hodgkin’s disease 
(HD), 32% for Non-Hodgkin’s lymphoma (NHL), 31% for HLA matched product, 
24% for AIDS, 24% for term newborn, and 20% for solid tumor.

Table 36.2 allows comparison of a number of elements related to irradiation, includ-
ing dose, products, and expiry date changes for the US, the United Kingdom and Japan.

Universal irradiation: As: 1) TA-GVHD can occur in immunocompetent patients 
secondary to the donor having a homozygous HLA haplotype for which the recipient  

Table 36.1 Indications for Irradiated cellular blood products to prevent Ta-GVHD

Indications for which irradiation is considered to be required

congenital immunodeficiency syndromes (suspected or known)

allogeneic and autologous hematopoietic progenitor cell transplantation

Transfusions from blood relatives

Hla-matched or partially Hla-matched products (platelet transfusions)

Granulocyte transfusions

Hodgkin’s disease

Treatment with purine analogue drugs (fludarabine, cladribine and deoxycoformycin)

Treatment with campath (anti-cD52) and other drugs/antibodies that affect T-lymphocyte number 
or function

Intrauterine transfusions

Indications for which irradiation is deemed appropriate by most authorities

Neonatal exchange transfusions

pre-term infants/ low birth-weight infants

Infant/ child with congenital heart disease (secondary to possible Di George’s syndrome)

acute leukemia

Non-Hodgkin’s lymphoma and other hematologic malignancies

aplastic anemia

Solid tumors receiving intensive chemotherapy and/ or radiotherapy

Recipient and donor pair from a genetically homogeneous population

Indications for which irradiation is considered unwarranted by most authorities

Solid organ transplantation

Healthy newborns/ term infants

patients with HIV/aIDS

From Shaz bH and Hillyer CD. “Transfusion-associated graft-versus-host disease.” In M Murphy, D pamphilon (eds) 
(2008). Practical Transfusion Medicine, 3rd edition. Oxford: blackwell Synergy.
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is heterozygous (possible random donor and recipient partial HLA matching has been 
estimated to be possible in as many as 1 in 7174 in the US) or from receiving a prod-
uct from a relative, and in individuals whose degree of immunocompromise was not 
known or properly identified prior to transfusion; 2) TA-GVHD is almost universally 
fatal; 3) the adverse effects of radiation on the blood product and its constituents are 
minimal, and 4) the cost of irradiating products is modest, universal irradiation has 
been recommended by some authors and indeed is practiced in some institutions 
within the US and the world (e.g. Japan, where the risk of inadvertent, non-relative 
partial matching of HLA haplotypes approaches 1 : 1000).

Blood products requiring irradiation: All cellular blood products, defined as 
red blood cells, platelets, granulocytes, whole blood and fresh plasma (not fresh fro-
zen plasma), contain viable T lymphocytes that are capable of causing TA-GVHD. 
These products should at a minimum be irradiated for patients at increased risk for 
TA-GVHD (Table 36.1). Two special situations apply: granulocyte transfusions and 
transfusion to HLA-matched individuals, especially to recipients who are first-degree 
relatives of the donor.

Table 36.2 comparison of Gamma-irradiation product Requirements

United States United Kingdom Japan

Techniques Gamma-irradiation Gamma-irradiation Gamma-irradiation

Dose 2500 cGy at center of 
product; minimum 
1500 cGy at any point; 
maximum 5000 cGy

Minimum 2500 cGy;
no part 5000 cGy

between 1500 cGy and 
5000 cGy

Type of product all cellular products: 
whole blood, Rbcs, 
platelets, granulocytes

all cellular products: 
whole blood, Rbcs, 
platelets, granulocytes

all cellular products: 
whole blood, Rbcs, 
platelets, granulocytes, 
fresh plasma

age of product Rbcs, platelets, 
granulocytes any time

Rbcs  14 d after 
collection; platelets, 
any time during 5d 
storage; for exchange 
or intrauterine 
transfusion 24 h

Rbcs 3 d regardless 
of recipient; 14 d, if 
clinically indicated; at 
any time if patient is 
immunocompromised

expiration Rbcs stored up to 
28 d after irradiation 
or original outdate, 
whichever is sooner

Rbcs stored 14 d after 
irradiation

Rbcs stored up to 3 
weeks after collection

General all blood from 
relatives; all Hla 
matched products

all blood from 
relatives; all Hla 
matched products; all 
granulocytes

all blood from 
relatives; all Hla 
matched products

Modified from Schroeder ML (2002). Transfusion-associated graft-versus-host disease. Br J Haematol 117, 275–287.
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Granulocyte transfusions are a very high-risk product for TA-GVHD because they 
are given soon after collection, have a high lymphocyte count, and are administered to 
neutropenic and immunosuppressed patients. Therefore, it is recommended that all 
granulocyte transfusions undergo irradiation prior to transfusion.

All cellular blood products transfused to a relative of the donor, and all HLA-
matched products (including both HLA-matched/selected and crossmatched platelet 
products) should be irradiated because the viable donor lymphocytes within the prod-
uct may be homozygous for a HLA haplotype for which the recipient is heterozygous. 
This results in the inability of the recipient to recognize the donor lymphocytes as  
foreign, and therefore the donor lymphocytes can proliferate and cause TA-GVHD.

processing and storage:

Sources of irradiation: both gamma rays and X-rays can be used to irradiate 
blood products and cause adequate T-lymphocyte inactivation at the doses described. 
Usually gamma rays originate from cesium 137 or cobalt 60, while X-rays are gener-
ated by linear accelerators.

After the September 11, 2001 attacks, there was increased regulation of blood 
 irradiators (1500 and 2500 cGy) by the US Nuclear Regulatory Commission (NRC). 
One initiative through the Energy policy Act is to find alternative technologies that 
either do not use radionucleotides, such as electricity, or use lower-risk sources.

Dose: The dose of irradiation must be sufficient to inhibit lymphocyte prolifera-
tion, but not so high as to significantly damage RbCs, platelets and granulocytes or 
their function. Assays to assess the effect of irradiation on T-lymphocyte proliferation 
include the mixed lymphocyte culture (MLC) assay and the limiting dilution analy-
sis (LDA). The recommended dose varies between 15 and 50 Gy (1500 and 5000 cGy) 
(Table 36.2); the US requires a dose of 25 Gy (2500 cGy) at the center of the product 
and a minimum of 15 Gy (1500 cGy) and maximum of 50 Gy (5000 cGy) at any point 
within it. Of note, there have been three patients transfused with irradiated blood prod-
ucts, two at doses of 20 Gy (2000 cGy) and one at 15 Gy (1500 cGy), who developed  
TA-GVHD. It is unknown whether these events were due to a process or dose failure.

Storage and expiration: In the US, RbC product outdates are shortened to 28 
days after irradiation; RbC product outdate is variably shortened to 14–28 days after 
irradiation in other countries (Table 36.2). These changes in outdating are due to the 
small but not insignificant effects of radiation on erythrocyte membranes leading to 
increased potassium accumulation and accelerated cell death over time during the 
storage period. There is no change in outdate of other blood products.

Quality Assurance: Quality-related measures for blood product irradiation 
include those focused on the irradiator itself and those focused on the product. AAbb 
Standards states that

“irradiated blood and components shall be prepared by a method known 
to ensure that irradiation has occurred. A method shall be used to indicate 
that irradiation has occurred with each batch. Alternate methods shall be 
demonstrated to be equivalent.”
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Quality assurance measures should be performed on the irradiator, including dose 
mapping, adjustment of irradiation time to correct for isotopic decay, ongoing detec-
tion for radiation leakage, timer accuracy, turntable operation, and preventive mainte-
nance. Each batch of irradiated products should have attached a qualitative radiation 
dosimeter; usually a label is placed on individual products, and the label physically 
changes for the proper dose of radiation to demonstrate that the blood product has in 
fact been properly irradiated.

Adverse events: At recommended doses, radiation causes a very low level of oxida-
tion and damage to lipid components of membranes which occurs over time. products, 
and the constituent cells within, irradiated immediately prior to transfusion appear to 
be unaffected, and have virtually normal function. The effects of radiation are most sig-
nificant on RbC products, and include increase in extracellular potassium and decrease 
in post-transfusion RbC survival. The in vivo viability of irradiated RbCs evaluated at  
24-hour recovery is reduced by 3–10% compared to non-irradiated RbCs.

The increase in extracellular potassium is usually not of clinical significance 
because of posttransfusion dilution of the potassium. However, there may be certain 
patients where attention should be paid to the increased potassium, such as premature 
infants; infants receiving large RbC volumes; and infants receiving intrauterine trans-
fusions (IUT), neonatal exchange transfusions, or intracardiac transfusions via central 
line catheters. The potassium increase can be prevented by either irradiating the RbC 
product shortly before transfusion (usually within 24 hours) or by washing or vol-
ume-reducing the RbC product prior to transfusion. Newer methods for potassium 
removal include filters that specifically remove this element from blood products. At 
present, these filters are investigational in the US.

International considerations: There are differences in the dose of gamma- 
irradiation, product requirements, product expiration, and indications between coun-
tries (Table 36.2). The UK has developed criteria for receiving irradiated cellular blood 
components, and Japan irradiates all cellular blood components because of the simi-
larity of HLA haplotypes within the Japanese population (as stated above). In addition,  
some countries use pathogen-reduction technologies for platelets, which are currently 
not FDA approved in the US, that interfere with the replication of nucleic acids and 
thus may replace the need for irradiation to prevent TA-GVHD.
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Leukoreduction of blood products
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C H A p T e R  37
Although routine blood fractionation procedures allow for red blood cell (RbC), 
platelet (pLT) and plasma components to be manufactured, white blood cells (WbC) 
remain in these components and are referred to as residual leukocytes. Residual leu-
kocytes have the potential to cause deleterious effects in the transfusion recipient, 
including febrile non-hemolytic transfusion reactions (FNHTR), HLA-alloimmuniza-
tion and transmission of cytomegalovirus (CMV). Additional possible effects include 
transmission of other leukocyte-associated herpesviruses, and transfusion-related 
immunomodulation (TRIM). The effects that the residual WbCs have is depend-
ent on the number in each component, the storage temperature of the component, 
and the clinical status of the recipient, including previous and latent infection with 
the viruses above and relative degree of immunosuppression. As residual leukocytes 
play a central role in these post-transfusion complications, it was predicted that WbC 
removal would decrease their incidence.

beginning prior to the 1980s, it was recognized that residual leukocytes could be 
removed by washing components or by some membrane and fiber methods. These 
later methods were further developed into what is termed “filter leukoreduction.” Also, 
as technologies for apheresis collections of platelets advanced, only trace numbers of 
WbCs were concomitantly collected. Thus, apheresis-derived platelets are leukore-
duced as a matter of course on most modern apheresis devices, and this method of 
WbC “removal” is known as “process leukoreduction.”

The use of leukoreduction methodologies has become commonplace in most 
developed nations. Ongoing clinical studies have established a clear benefit for leuko-
reduction in some settings, and a likely benefit in others. However, there are additional 
proposed indications for which clear evidence of efficacy is lacking.

Indications for leukoreduction:

Decreasing incidence of febrile non-hemolytic transfusion reactions 
(fnhtr): The frequency of FNHTRs is significantly decreased when leukoreduced 
products are transfused. There are two proposed mechanisms by which leukocytes 
in transfused units contribute to FHNTRs. The first mechanism involves leukocyte-
derived cytokines, and is most commonly associated with pLT products. Leukocyte-
derived cytokines (e.g. interleukins [IL-1, IL-6, IL-8] and tumor necrosis factor alpha 
[TNF-]) accumulate in the supernatant during room-temperature storage of platelet 
products. because the cytokines have already been released during storage, bedside (or 
post-storage) leukoreduction does not result in decreased incidence of FNHTRs from 
platelet products. The second mechanism involves anti-WbC antibodies, and is most 
commonly associated with RbC products. Anti-HLA and anti-HNA antibodies in the 
215
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transfusion recipient’s plasma directed against the transfused WbCs leads to a release 
of inflammatory molecules that induces fever and other symptoms.

Decreasing incidence of hLA Alloimmunization: Leukoreduction of RbCs 
and pLTs has been shown to decrease the incidence of HLA alloantibody formation 
in transfusion recipients. This is of primary importance in patients who require ongo-
ing pLT transfusion support, as anti-HLA antibodies can lead to platelet refractori-
ness by binding to the corresponding antigens (major histocompatibility complex) on 
transfused pLTs. In addition, HLA immunization can contribute to rejection of subse-
quent organ transplantation, and therefore potential transplantation recipients should 
receive leukoreduced products (especially potential kidney and heart recipients). The 
TRAp study in 1997 assessed reduction in HLA alloimmunization by randomized 
controlled trial; in addition, a number of smaller studies had previously addressed the 
same issue. In aggregate, meta-analysis of these studies showed a relative risk reduc-
tion of HLA immunization of approximately one-third for patients not previously 
sensitized to HLA antigens.

Decreasing cytomegalovirus (cMV) transmission: except in cases of active 
viremia, CMV remains in a latent state in circulating leukocytes. Such latent CMV 
can reactivate upon transfusion and infect the naïve recipient. Thus, leukoreduction 
can substantially decrease the inoculum of latent CMV genomes a recipient receives. 
Accordingly, transmission of CMV by blood transfusion is substantially decreased by 
leukoreduction (from as high as 30% in susceptible patients to approximately 2.5%). 
It has been argued that leukoreduced blood has rates of CMV transmission practically 
as low as seronegative products; however, some patient populations may still benefit 
from CMV seronegative products (see Chapter 38).

Potential Indications:

Decreasing other human herpesvirus transfusion transmitted infec-
tions: Like CMV, other human herpes viruses can likewise be associated with leuko-
cytes. Thus, transmission of such viruses (i.e. ebV, HHV-6, HHV-7 and HHV-8) may 
in theory be reduced through the use of leukoreduced cellular blood components.

Prion Disease: Clinical cases consistent with the transmission of variant Creutzfeldt-
Jakob disease (vCJD) by transfusion have now been reported. As prions can be asso-
ciated with leukocytes, leukoreduction technology has been assessed for the ability 
to prevent transfusion transmission of vCJD. prions can be decreased by passing 
blood products through existing filters, and modified filters have also been described. 
Whether such filters will decrease transmission of disease in humans is undetermined; 
however, a near-50% decrease in transmission was observed in an animal model.

Controversial Indications:

transfusion related immunomodulation (triM): TRIM is defined as effects 
of transfusion on the recipient immune system, including potential downregulation 
of cellular immunity, induction of humoral immunity, and altered inflammatory 
responses (see Chapter 64). The TRIM effect may be not only secondary to the trans-
fused WbCs, but also the result of the other blood constituents, such as proteins, lipids  



Leukoreduction�of�blood�Products� 217
and inflammatory mediators. However, as TRIM can be mediated in large part by 
transfused leukocytes, leukoreduction is predicted to decrease TRIM; nevertheless, the 
clinical benefit of leukoreduction for this purpose is unestablished.

Contraindications: bedside leukoreduction should be avoided in patients on ACe 
inhibitors, as hypotensive episodes may be induced.

Methods of leukoreduction: Traditionally, some leukoreduction was performed 
by centrifuging the product and removing the buffy coat. However, this process is inef-
ficient and highly variable.

filtration Leukoreduction: Currently, there is a variety of leukoreduction filters 
(termed filter leukoreduction) which remove three logs of WbCs, available from sev-
eral different manufacturers. These filters use a combination of barrier filtration (i.e. 
pore size) and cell adhesion to decrease leukocyte content. Although each must con-
form to the established requirements for the numbers of residual leukocytes in the 
product, different filters may not generate equivalent products. While the numbers of 
residual leukocytes may be equivalent, the subset composition of the leukocytes may 
differ. In addition, filter leukoreduction of RbCs from hemoglobin AS (sickle trait) 
patients is often less effective secondary to reduced RbC deformability leading to clog-
ging or decreasing the area of the filter.

Process Leukoreduction: Apheresis technologies are able to collect pLT products 
that are leukoreduced during collection, termed process leukoreduction.

Quality assurance: In the US, the requirements for leukoreduction of RbCs and 
apheresis pLTS are 5  106 leukocytes per product, and for whole blood derived plate-
lets  0.83  106 leukocytes per product. At least 95% of the products sampled must 
meet this specification.

Pre-storage versus bedside leukoreduction: Leukoreduction can be performed  
at the time of collection or at the bedside; however, bedside leukoreduction has several 
substantial problems. First, patients on ACe inhibitors may have severe hypotensive 
episodes due to bradykinin activation, which is not observed for pre-storage leuko-
reduction. Second, as leukocytes elaborate inflammatory molecules during storage, 
which are not removed by the filter, leukoreducing at the bedside may have substan-
tially decreased benefits regarding febrile reactions. Third, the quality control of bedside  
leukoreduction is not equivalent to that of in-laboratory pre-storage leukoreduction.

Universal versus diagnosis-specific leukoreduction: Whether it is safe, 
appropriate and cost-effective to leukoreduce all blood products prior to storage, or to 
reserve leukoreduced products for particular patient subsets, is currently a matter of 
debate. practices differ by blood supplier, transfusion service and region.

International differences: In europe, the requirements for leukoreduction of 
RbCs and apheresis derived platelets are fewer than 1  106 leukocytes per product.

recommended reading
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John D. Roback, MD, PhD

C H a P T e R  38
Cellular blood components (RBCs, platelets, and granulocytes) can transmit  
cytomegalovirus (CMV) infection to susceptible transfusion recipients. Two 
approaches are routinely available to reduce the risk of CMV transmission by these 
components: (1) selection of CMV-seronegative components; and (2) leukoreduction 
of red blood cell (RBC) and platelet components. In addition, broadly-active pathogen 
reduction methods in use in some countries outside the US eliminate CMV infectivity.

Description: CMV infection is typically of little consequence to individuals with 
normally functioning immune systems. In fact, 40–80% of the population (depending 
on the community) has been infected and harbors CMV, which persists in a relatively 
innocuous latent state. In contrast, CMV infection of immunocompromised patients 
has devastating consequences, including death. One route of transmission to at-risk 
patients is by transfusion, and prevention of transfusion-transmitted CMV infection 
(TT-CMV) is an important concern in transfusion medicine.

Indications: Most studies suggest that 13–37% of immunocompromised patients will 
contract TT-CMV from transfusion of cellular blood components (RBCs, platelets, and 
granulocytes) that are not screened for CMV antibody or filtered. The most well-estab-
lished immunocompromised groups at-risk for TT-CMV include premature low birth-
weight infants (1250–1500 g) born to seronegative mothers, seronegative recipients of 
seronegative allogeneic or autologous hematopoietic progenitor cells (HPC) transplan-
tation, seronegative recipients of seronegative solid organ transplants, and seronegative 
patients with HIV-infection (Table 38.1). In these patients, primary CMV infection can 
progress to disseminated tissue-invasive CMV disease including CMV hepatitis, retini-
tis, interstitial pneumonitis, encephalitis and gastroenteritis, and can also predispose to 
additional complications, including graft-versus-host disease in transplant recipients, 
accelerated solid organ graft rejection, and other opportunistic infections.

Table 38.1 CMV-Seronegative Patient Populations at High Risk of Serious Illness/
Death after CMV Infection

l Patients receiving or who may receive an allogeneic or autologous HPC transplant
l Patients receiving chemotherapy which produces severe neutropenia
l Solid-organ transplant recipients
l Pregnant women
l Fetuses (intrauterine transfusion)  low birthweight (<125021500 g) neonates
l HIV-infected patients

Modified from Blajchman Ma, Goldman M, Freedman JJ, Sher GC (2001). Proceedings of a Consensus Conference: 
Prevention of Post-Transfusion CMV in the era of Universal Leukoreduction. Transfusion Med Rev 15: 1–20.
219
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There are also additional groups that may benefit from transfusion of CMV-safe 
blood. These include pregnant women who are seronegative (to prevent primary 
infection with transmission to the fetus), and seronegative patients who are candidates 
for HPC transplantation.

Processing and Storage:

CMV Seronegative Products: The standard approach for identifying blood 
donors who have not been infected with CMV is through screening for anti-CMV 
antibodies, using one of a variety of serological methodologies (solid-phase fluores-
cence immunoassay, enzyme immunoassay, latex or particle agglutination, and solid 
phase red cell adherence). Different configurations of CMV antibody test kits exist, 
including one that detects combination IgM/IgG, and an IgG-only kit.

The determination that a blood donor is truly seronegative can be problematic in 
some individuals. Specifically, anti-CMV antibodies may not be detected by serol-
ogy until 6–8 weeks following primary infection (the window period), leaving a small 
risk that some donors who test “seronegative” are in fact newly infected, and thus can 
transmit infectious CMV. also, in some remotely-infected donors anti-CMV anti-
bodies can decrease to undetectable levels, although the continued presence of CMV  
T-cells shows that at one time they had a CMV infection.

exclusive use of CMV-seronegative components for transfusion markedly decreases 
the incidence of TT-CMV. For example, in one study none of 90 seronegative infants 
transfused with seronegative components contracted CMV infections, as compared 
to 13.5% of those receiving seropositive transfusions. The exclusive use of seronega-
tive components in immunocompromised adult seronegative recipients of seronega-
tive HPCs for transplantation also decreases the incidence of TT-CMV and severity of 
resulting CMV disease as compared to the use of unscreened blood products.

CMV Safe by Leukoreduction: Because white blood cells (WBC) latently infected 
with CMV are the primary vector for TT-CMV (transfusion of products from a 
recently infected donor with infectious CMV particles in the plasma is less common), 
removal of WBCs from components also mitigates TT-CMV. Current filtration and 
apheresis technologies can produce blood components that have well below the maxi-
mal limit of 5  106 WBCs mandated for leukoreduced products in the US. This level 
of leukoreduction significantly reduces the incidence of TT-CMV. For example, in the 
largest prospective randomized controlled clinical trial to address this issue to date, 502 
seronegative recipients of seronegative HPC transplants received either leukoreduced or 
CMV-seronegative components. The probabilities of developing CMV infection were 
similar in patients receiving filtered (2.4%) versus seronegative components (1.3%; 
P  1.00). The probabilities of developing CMV disease were also similar (2.4% ver-
sus 0%, respectively; P  1.00). However, because of a statistically greater progression 
to CMV disease (including lethal CMV pneumonia) in the group receiving filtered as 
compared to seronegative components (2.4% versus 0%, respectively; P  0.03), there 
is a possibility that seronegative components may be slightly safer than filtered com-
ponents with respect to the risk of TT-CMV. In the results of a Canadian Consensus 
Conference published in Transfusion in 2001, both CMV-seronegative components as 
well as those that were rendered CMV-safe by leukoreduction were considered to be 
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effective, although both methods had some failures. Nonetheless, the panel concluded 
that at-risk patients may still benefit from seronegative products despite concomitant 
leukoreduction of all components in Canada. CMV NaT does not appear to be effec-
tive for further reducing the risk of TT-CMV, since in a recent large-scale study CMV 
NaT did not identify CMV-positive donors that were not already identified by serol-
ogy. However, its utility is under investigation in very low birth-weight infants born to 
CMV-seronegative mothers, and this may guide future decision-making.

CMV Seronegative versus CMV-safe by Leukoreduction: Based in part on 
the data presented above, some authorities argue for the exclusive use of CMV-seron-
egative blood components for the transfusion of seronegative patients at risk for TT-
CMV. In contrast, other authorities have determined that leukoreduced products are 
adequate because of prospective monitoring in high-risk patients with the pp65 CMV 
antigenemia test or CMV PCR, and pre-emptive treatment with CMV antiviral agents 
(e.g. ganciclovir). additionally, most institutions employ universal leukoreduction and 
thus can use the potentially additive (but not proven) approach of combining CMV-
serology and leukoreduction to reduce the risks of TT-CMV. each institution should 
weigh the risks and benefit of the use of CMV-seronegative versus leukoreduced cel-
lular blood components, and the magnitude of clinical CMV disease.

Quality Assurance:

Antibody Tests: CMV donor screening assays that detect total antibody (IgG  IgM) 
to CMV are generally in use and are “cleared” by the FDa. Donor screening is not 
required by the FDa for blood component preparation; however, donors of viable, leu-
kocyte-rich HPCs must be tested for evidence of infection due to CMV using a method 
to “adequately and appropriately reduce the risk of transmission” (§1271.85(b)(2)). 
Such services must establish and maintain an SOP governing the release of HPCs from 
CMV-positive donors (§1271.85(b)(2)). It is notable that a positive test for CMV does 
not necessarily make that donor ineligible.

Leukoreduction quality control can be achieved by performing leukocyte counts on 
either the product or the process used to perform the leukoreduction. Nageotte cham-
ber manual counting is commonly employed, although it is labor-intensive and not 
easy to control. Nor does it have commercially available standards for comparison of 
technologist reading. Some manual flow-cytometric based assays are available, but are 
again expensive. Fully automated rapid fluorescent cytometry is under development 
for large-scale component-by-component testing, but is not FDa cleared at this point.

Adverse Events: except the residual risk of TT-CMV, as noted above, no additional 
adverse effects are associated with transfusion of CMV-seronegative or leukoreduced 
blood components.

International Differences: as with Canada, and referred to above, the UK Blood 
and Transfusion Service in a joint position paper put forward three statements:

1. The balance of evidence suggests that TT-CMV can be significantly mitigated by 
pre-storage leukoreduction
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2. Leukoreduced components are likely comparable to seronegative components in 
providing CMV-safe transfusion

3. at present, due to the lack of adequate randomized controls clinical trials, they 
could not firmly recommend the discontinuation of CMV serologic testing.

Finally, as opposed to serological and leukoreduction approaches, which are associ-
ated with breakthrough TT-CMV cases, pathogen-inactivation (PI) technology carries 
the potential for completely preventing TT-CMV, as well as eliminating the transmis-
sion of other infectious agents. Outside the US, including in some european coun-
tries, these approaches have now entered clinical use for platelets. at present, there is 
no approved PI technology for RBCs.
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C H A P T e R  39
Blood products are frozen in order to lengthen their storage time. RBC products 
are cryopreserved in glycerol, which must be removed prior to transfusion. The pri-
mary indications for freezing RBC products are to increase the storage length of rare 
and/or autologous products; possible uses include inventory management in times of 
blood shortages and disasters. Currently, the cryopreservation of platelet products is 
under investigation only. Autologous hematopoietic progenitor cell (HPC) products 
and umbilical cord blood HPCs are routinely cryopreserved.

Cryopreservation of RBC Products: Freezing of RBC products not only 
increases the duration of storage to 10 years, but also provides a product with restored 
levels of ATP and 2,3 DPG. Frozen RBC products are indicated for rare RBC prod-
ucts (e.g. RBCs which are negative for high-frequency antigens), autologous products 
and, potentially, for disaster management. In addition, because of the removal of the 
supernatant plasma and storage solution, and the restored levels of ATP and 2,3-DPG, 
frozen and deglycerolized RBC products may be preferred in some situations, such as 
neonatal RBC exchange or intrauterine transfusion.

Cryopreservation with Glycerol: RBCs must be protected during freezing to pre-
vent cellular dehydration and mechanical trauma as a result of intracellular ice forma-
tion. Glycerol is a penetrating cryoprotective agent which crosses the cell membrane 
into the cytoplasm, providing an osmotic force that prevents water from migrating 
outward as extracellular ice is formed and thus ultimately preventing cellular dehy-
dration. A high-concentration glycerol method (40% glycerol concentration) is used 
in most blood banks, which can be automated. Glycerol must be introduced slowly, 
as rapid introduction itself can result in hypertonic damage to the RBCs and hemo-
lysis. A slow freezing rate with an initial freezing temperature of 80°C and storage 
temperature of  65°C is employed. Polyolefin plastic is preferred over polyvinyl 
chloride (PVC) storage bags because PVC storage bags result in a higher degree of 
hemolysis and breakage.

RBCs used for freezing are collected in CPD or CPDA-1, and stored as liquid whole 
blood or RBC products. These RBCs must be frozen within 6 days of collection; if 
RBC products need to be frozen and are older than 6 days, they must first be rejuve-
nated with a FDA-approved solution (see below) and then frozen. Per the FDA, frozen 
RBC products can be stored for 10 years, but RBCs stored over 20 years have been 
used successfully.

Rejuvenation: FDA-approved rejuvenation solutions containing pyruvate, inos-
ine, phosphate and adenine, which restores levels of ATP and 2,3-DPG to that of a 
freshly-drawn unit. RBC products can be rejuvenated up to 3 days after expiration. 
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Rejuvenated RBCs must be frozen or washed to remove the inosine if transfused 
within 24 hours.

Thawing of Frozen RBC Product: Prior to transfusion, the glycerol must be 
removed completely (deglycerolized). Glycerol must be gradually reduced to avoid 
hemolysis. One method adds 150 mL of 12% saline then washes with 1 L of 1.6% saline, 
followed by 1 L of 0.9% saline with 0.2% dextrose. Other automated methods are avail-
able depending on the instrument used.

Frozen RBCs from donors with sickle cell trait (hemoglobin SA) will form a jelly-
like mass and hemolyze upon deglycerolization. Modified wash procedures are avail-
able to prevent the hemolysis, but many institutions screen donors for hemoglobin  
S prior to freezing because the specialized wash procedures are not routinely available.

RBC survival 24 hours post-transfusion of deglycerolized RBCs is 75%. Most 
institutions use an open system to deglycerolize the RBC product, which is not only 
time-consuming (approximately 30 minutes); the product also then has a 24 hour 
outdate. Closed system, automated deglycerolization is also possible, allowing post-
thaw storage in AS-3 for 14 days or SAGM for 7 days.

Refreezing of Thawed RBC Products: Refreezing may be indicated for unique 
RBC products that were thawed unintentionally or unexpectedly not used. Products 
that are deglycerolized, stored 20 hours at 1–6°C and then reglycerolized, refrozen 
and rethawed when needed demonstrate no loss in survival. This should not be con-
sidered routine practice.

Indications: Indications to freeze RBC products include the following.

Rare RBC Inventory Management: RBC products with a rare phenotype may be 
frozen for transfusion to patients with antibodies to high-frequency antigens or with 
multiple antibodies resulting in difficulty in finding compatible blood. The AABB and 
American Red Cross maintain the American Rare Donor Program (ARDP) and ISBT 
maintains the International Blood Group Reference Laboratory (IBGRL), which aid in 
the identification of rare RBC products. These products, which are frequently frozen, 
can be transported between blood centers for the treatment of these patients through-
out the world. In addition, those patient with alloantibodies may store frozen autolo-
gous RBCs for future needs.

Autologous Donations: Cryoperserved autologous RBC products may be used 
either when a large number of autologous products is needed for surgery and the 
duration of time to collect all of the products needed exceeds the outdate of the prod-
uct, or when the date of the surgery changes and the products would outdate prior to 
the rescheduled surgery date.

Inventory Management in Times of Blood Shortages and Disasters: Some insti-
tutions have implemented large-scale storage of group O units to provide a source of 
RBCs during periods of severe blood shortages. A frozen inventory is used by the US 
Department of Defense, which has the ability to thaw large amounts of products rela-
tively quickly with an extended shelf-life. In the civilian setting, clear benefit of a fro-
zen inventory is lacking because it is expensive and logistically challenging. Further, 
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the inventory would periodically require rotating of the products, and standard thaw-
ing methodologies require a 24-hour outdate. In addition, when new donor require-
ments are implemented, the frozen products cannot undergo retrospective donor 
screening.

Cryopreservation of HPC Products: Because the storage time of non-frozen 
HPC products is usually less than 72 hours, all autologous HPC products and umbili-
cal-cord blood products must be cryopreserved. In addition, some allogeneic bone 
marrow and peripheral blood HPC products are frozen.

Cryopreservation with DMSO: In order to maximize viability of frozen HPC, the 
cryoprotectant solution, freezing kinetics, and frozen storage conditions must be opti-
mized. Addition of dimethyl sulfoxide (DMSO) to HPCs prior to freezing effectively 
prevents cellular dehydration as well as the formation of ice crystals. When DMSO (at 
a final concentration of between 5 and 10%) is used in combination with controlled-
rate freezing, the HPCs retain high viability after thawing. Computer-controlled freez-
ers are available for precise regulation of the HPC freezing rate. Once frozen, HPCs 
can be maintained at 70°C or less in a mechanical freezer, or in a liquid nitrogen 
freezer. If the second option is chosen, the product can be stored beneath the surface 
of the liquid nitrogen (196°C) or in the vapor phase above the liquid nitrogen sur-
face (150°C or less). Liquid phase storage has the advantage of reducing tempera-
ture fluctuations. However, the vapor phase is usually chosen for storage of potentially 
infectious HPC components to limit the risks of contamination of other components. 
There is no defined expiration date for frozen HPC components, and components 
frozen for over 10 years have been used successfully in transplantation.

Thawing of HPC Product: Frozen HPC products are typically thawed at 37°C at 
or near the patient’s bedside, and then immediately infused at a rate of approximately 
5–20 mL/min. In most cases cryopreserved HPC products are not washed to remove 
DMSO, although infusion of large volumes of DMSO has been associated with some 
adverse effects. These include hypertension, hypotension, nausea, vomiting, abdomi-
nal pain, diarrhea and, rarely, cardiac problems. Children may be more susceptible to 
these symptoms. As a general role, DMSO infusions should be limited to less than 1 g/
kg per day. Side-effects can often be managed by slowing or briefly halting the HPC 
product infusion. While HPC products can be washed in the laboratory to remove 
DMSO prior to infusion, the general belief is that washing can lead to an unacceptable 
level of loss of HPCs and reduced viability of remaining HPCs, which could impair 
engraftment.

Recommended Reading
Popovsky MA. (2001). Frozen and washed red blood cells: new approaches and appli-
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Valeri CR, Ragno G, Van Houten P et al. (2005). Automation of the glycerolization of 

red blood cells with the high-separation bowl in the Haemonetics ACP 215 instru-
ment. Transfusion 45, 1621–1627.
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C H A P T e R  40
Washing refers to a process that removes the non-cellular fluid in RBC, platelet and 
other products and replaces it, typically with saline. This removes more than 99% of 
the plasma proteins (including antibodies) and the original supernatant, which may 
contain unwanted substances (i.e. cytokines) or levels of substances (i.e. potassium). 
Washing may be indicated for patients with recurrent severe allergic, anaphylactoid or 
anaphylactic reactions, and in situations similar to volume reduction, such as removal 
of the plasma-containing anti-A and/or anti-B in ABO out-of-group transfusions  
(i.e. group O platelet product to a group A recipient) and removal of supernatant in 
neonatal transfusions (see Chapter 42).

Washing of RBC Products: RBC products can be washed with 1–2 liters of nor-
mal saline using a manual or automated method. Approximately 90% of the leuko-
cytes are removed, but insufficient amounts to label the product as leukoreduced. 
Washing may result in loss of up to 20% of the RBC mass of the product. Washed 
products must be used within 24 hours, as they are washed in an open system.

Washing of Platelet Products: Platelets can be washed with normal saline, 
saline buffered with ACD-A or citrate, or platelet storage solutions (currently none 
are approved in the US), using a manual or automated method. Washing results in 
approximately 33% loss of the platelets, but does not result in leukocyte reduction. 
Washed platelets must be used within 4 hours.

Indications: Indications for washed products are presented in Table 40.1.

Prevention of Recurrent Severe Allergic/Anaphylactic Transfusion Reac- 
tions: Anaphylactic reactions can be secondary to anti-IgA; to prevent these  
reactions in the future, IgA deficient products can be used for transfusion. However, 
these products may not always be readily available. Therefore, deglycerolized and/
or washed RBC products can be used to remove the IgA in the RBC product. 
Deglycerolized and/or washed RBCs can also be used to prevent recurrent severe 
allergic/anaphylactoid/anaphylactic reactions not secondary to anti-IgA, by removing 
residual plasma proteins.

Neonatal Alloimmune Thrombocytopenia: Neonatal alloimmune thrombocy-
topenia (NAIT) is secondary to maternal alloantibodies (usually anti-HPA-1a) against 
the platelet antigen in the fetus or neonate, which may result in fetal/neonatal throm-
bocytopenia, hemorrhage and death. Maternal platelets are serologically compatible 
and are therefore a potential source of platelets for transfusion to the fetus/neonate. 
Prior to transfusion the maternal platelets must be washed to remove the antibody 
contained within the plasma, and irradiated to prevent transfusion-associated graft-
versus-host disease.
227



228� Cassandra�D.�Josephson,�MD�and�Beth�H.�Shaz,�MD
Large-volume or Rapid Transfusion into Neonates and Small Children: 
Washing may be used to remove potassium, anticoagulant-preservative solution (par-
ticularly additive solutions) and other substances in the supernatant in RBC products. 
This is especially indicated in large-volume (greater than 25 ml/kg) or rapid transfu-
sion in neonates and small children to decrease the risk of hyperkalemia and cardiac 
arrhythmias. Volume reduction can achieve the same goal.

Irradiated RBC Products: Potassium leakage out of the RBC increases after irra-
diation. Therefore, patients who are sensitive to increase(s) in potassium concentra-
tion may benefit from washed or volume-reduced RBC products.

Patients with T-Activation: T-activation occurs when bacterial neuraminidase 
removes N-acetyl neuraminic acid and exposes RBC T crypt antigens. The exposed 
T crypt antigen binds with IgM anti-T, which is present in adult plasma, resulting in 
hemolysis. T-activation has been associated in children with necrotizing enterocoli-
tis, septiciema, hemolytic uremic syndrome and Streptococcus pneumoniae infection. 
T-activation is detected by ABO typing discrepancies caused by polyagglutination or 
in vitro hemolysis. Confirmation testing is performed by agglutination using Arachis 
hypogaea and Glycine soja lectins. Some physicians recommend washing cellular 
blood components to prevent transfusion of the anti-T within the plasma and to avoid 
transfusion of plasma-containing products, while others question the clinical impor-
tance of this step.

Paroxysmal Nocturnal Hemoglobinuria: Paroxysmal nocturnal hemoglobi-
nuria (PNH) is manifested by complement-mediated hemolytic anemia, thrombo-
philia, and marrow failure. Washing of RBC products for PNH patients was advocated, 
but recent data do not support their use.

Table 40.1 Clinical indications and rationale for washed blood products

Clinical Indication Rationale

allergic or anaphylactic reaction removes allergenic plasma proteins

NaiT removes maternal antibodies
from maternal platelet product

large-volume or rapid transfusion Newborns and small children to
decrease the risk of hyperkalemia
and cardiac arrhythmia

Following irradiation and storage Decreases potassium

T-activation During ongoing hemolysis,
reduces further hemolysis by
eliminating lgM anti-T

pNH No longer recommended

NAIT, neonatal alloimmune thrombocytopenia; PNH, paroxymal nocturnal hemoglobinuria.
Modified from Hillyer CD, Silberstein Le, Ness PM et al. (eds.) (2007). Blood Banking and Transfusion Medicine: 
Basic Principles and Practice, (2nd edition). San Diego, CA: elsevier.
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C h A P T e R  41
Volume reduction (also known as hyperpacking or hyperconcentrating) – a process  
performed after a blood component has been manufactured – is the removal of the 
fluid portion of a cellular blood product RBC or platelet product. The fluid phase 
contains residual plasma and anticoagulant-preservative solution. Volume reduction 
results in a more concentrated cellular product. This procedure is performed more 
often in the pediatric than the adult setting. In general, volume reduction requires a 
centrifugation step followed by expression of the supernant fluid, and is performed 
on request immediately prior to issue from the hospital blood bank to the patient for 
administration. Most transfusion authorities suggest that this process modification 
only be used in explicitly indicated circumstances.

Red Blood Cell Products:

Methods: Volume-reduced pediatric products are manufactured using a modi-
fication of the RBC component preparation method described in Chapter 28. The 
volume-reduced method was described by Strauss and colleagues, and enables the 
manufacture of small aliquots of RBCs for neonates with hematocrit 90% using a 
single RBC product until expiration on day 42.

Briefly, donated whole blood collected in CP2D is centrifuged at 5000 g for 5 min-
utes, the supernatant platelet-rich plasma is removed, and 100 ml of extended storage 
media, preferably AS-3 (because it does not have mannitol), is added to and mixed 
with the RBCs. The product is drained by gravity through a leukoreduction filter 
into a primary storage bag. Attached to this primary storage bag, by way of a sterile 
 connecting device, are a cluster of small-volume bags. When an aliquot for transfu-
sion is ordered, the storage bag is centrifuged in an inverted position to pack the RBCs 
to a hematocrit of approximately 90%. The volume of RBCs requested flows out into 
one of the attached small-volume bags, which is subsequently disconnected. The 
remainder of the AS-3 product is mixed and returned to storage. In addition, the AS-3 
 storage bag is mixed thoroughly each week.

A less complicated method of concentrating RBC products is by inverted gravity 
sedimentation. This method stores RBC products in the refrigerator “upside down,” 
which will concentrate an additive solution product to a hematocrit of around 70–90% 
within 72 hours. In addition, this method does not require a refrigerated centrifuge.

Indications: Two primary indications exist for the volume reduction of RBC prod-
ucts, including prevention of transfusion of unnecessary fluid to a volume-sensitive 
patient, and for the removal of the potassium-containing supernatant to prevent 
hyperkalemia in an at-risk patient. Volume reduction of RBC products to prevent pas-
sive transfusion of potentially hazardous concentrations of potassium applies to large 
volume transfusions (20 ml/kg). Safety with small-volume transfusions has been 
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established by Strauss. The concentration of extracellular potassium in the supernatant 
depends upon the age of the RBC product and when/if the product was irradiated. 
The extracellular potassium increases from 4 mmol/l at day 0 to 60 mmol/l at day 
42 in an additive solution RBC product, or to 80 mmol/l at day 35 in a CPDA-1 RBC 
product. Therefore, a 1 kg infant receiving a 15 ml transfusion would only receive 0.3–
0.4 meq of potassium, which is a small amount compared to the daily requirement of 
potassium of 2–3 meq per kg. There have been several studies confirming the lack of 
hyperkalemia or other untoward events for small-volume transfusions of 42-day stor-
age additive solution RBC products into neonates. There are individual patients, such 
as patients with or at risk for hyperkalemia (e.g. small infants with only one vascular 
access point and the tip of the catheter near the right atrium) and patients receiving 
large-volume transfusion, who would be at an increased risk of transfusion-related 
hyperkalemia and may benefit from volume-reduced RBC products.

Adverse Effects: Volume reduction of RBC products does not appear to harm the 
RBCs. The removal of supernatant can be performed in a closed system, so the expira-
tion date of the product does not change.

Platelet Products:

Methods: Pooled individual platelet concentrates, and apheresis platelets, may be 
volume reduced if necessary. The stored platelets may be centrifuged at 20–24°C at 
580 g for 20 minutes, or at 2000 g for 10 minutes, or at 5000 g for 6 minutes; optimal 
centrifugation rates and times have not been clearly determined. Following centrifuga-
tion, the platelets must rest without agitation for 20–60 minutes prior to resuspension 
and eventual transfusion. Because volume reduction is performed in an open system, 
the expiration date of the platelet products must be changed to 4 hours, starting from 
the time the product was entered for processing.

Indications:

ABO Out-of-group Platelet Transfusion: When ABO-type specific platelets are 
unavailable, volume reduction to remove anti-A and/or anti-B in the platelet prod-
uct plasma may be indicated if these antibodies are incompatible with the recipient’s 
RBCs. The ABO-incompatible plasma most commonly causes a weakly positive direct 
antiglobulin test, but may result in severe acute intravascular hemolysis, which in rare 
circumstances is fatal. This possibility is especially true in small children, who have a 
higher transfusion volume to total blood volume ratio. The situation with the highest 
risk of hemolysis is a group O apheresis product containing high-titer anti-A (usu-
ally considered  1 : 64 IgM or  1 : 256 IgG) that is transfused to a group A or AB 
recipient. Alternative strategies to mitigate the risk of a hemolytic transfusion reaction 
include: (1) washing the product, or (2) titering group O platelet products for anti-A, 
and using only those with non-high titer anti-A for transfusion to group A or group 
AB individuals.

Prevention of Transfusion-associated Cardiovascular Overload: Transfusion-
associated cardiovascular overload (TACO) may be minimized by employing volume 
reduction in platelet products. This is especially helpful in those individuals who are 
sensitive to volume, such as low birth-weight newborns.
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Decrease in Febrile Non-hemolytic Transfusion Reactions: In adults, plasma-
reduced platelet components decrease the incidence of FNhTRs. This effect is sec-
ondary to a decrease in leukocyte derived cytokines which accumulate in the plasma 
during storage. Decrease in FNhTRs is currently more often attained by pre-storage 
leukoreduction.

Adverse Effects: The centrifugation process has untoward effects on the platelets 
themselves, which may result in platelet loss, clumping and dysfunction. Thus, the 
AABB Committee on Pediatric hemotherapy has recommended that “volume reduc-
tion of platelets should be reserved for special infants for whom marked reduction of 
all intravenous fluids is truly needed.”

Hematopoietic Progenitor Cell Products: The indication for volume reduc-
tion of hematopoietic progenitor cell (hPC) products, particularly bone marrow and 
peripheral blood hPC derived products, is ABO incompatibility between the donor 
and recipient, where the donor has antibodies against the recipient RBCs. The hPC 
product can be centrifuged and the plasma decanted prior to transfusion.
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C H A P T E R  42
Transfusion of pediatric patients and neonates is complicated by the physiologic 
changes that occur from the fetal period to infancy and beyond. Specifically, the 
patients’ (1) small size, (2) immature coagulation and immune system, (3) unique 
conditions requiring transfusion therapy, and (4) potential metabolism concerns due 
to transfusion therapy all contribute to the complexities of transfusion therapy in 
these populations.

Red Blood Cell Transfusions:

RBC Transfusion Considerations in Neonates: Neonatal RBC transfusion 
thresholds vary from institution to institution, with the gestational age, the postnatal age, 
and the clinical condition of the patient being important considerations. Given the con-
flicting results of two prospective randomized studies comparing liberal versus restrictive 
transfusion strategies in neonates, no definite recommendations for transfusion thresh-
old guidelines in neonates exist at this time. Generally, RBCs are transfused at a hemo-
globin (Hgb) approaching 13 g/dl in infants with severe cardiopulmonary disease, at 
levels of 10 g/dl in infants with moderate cardiopulmonary disease or those undergoing 
major surgery, and at levels of 8 g/dl in infants with uncomplicated symptomatic anemia.

RBC Product Selection for Neonates: The type of anticoagulant-preservative 
solution most likely does not pose a risk to premature infants and neonates in the  
context of a small-volume transfusion (i.e. 10–15 ml/kg of RBCs). Some hospitals  
utilize CPDA-1 RBC products for neonates due to the higher hematocrit (Hct), 
lower anticoagulant-preservative:RBC ratio, and lack of mannitol (which is in AS-1 
and AS-5 solutions). Others utilize additive solution (AS) RBC products; still others  
volume-reduce AS RBC aliquots prior to transfusion to increase the Hct of the unit. 
The relative age of the products transfused to neonates also varies by institution, with 
some transfusing RBC products 7 days old to neonates, and others using a dedicated 
unit for a particular neonate until the outdate to reduce donor exposure.

Although the rise in plasma potassium following a small-volume transfusion is rel-
atively slight, there is a risk of hyperkalemia in neonates receiving large-volume trans-
fusions. Thus, consideration should be given to volume-reducing products for infants 
requiring 20–25 ml/kg of RBCs. An additional consideration is the citrate load in 
CPDA-1 units, which can lead to hypocalcemia in infants following large-volume 
transfusions. Finally, the decrease in intracellular 2,3-diphosphoglycerate (DPG) with 
aging of RBCs may be a consideration, especially in the most critically ill neonates. 
Thus, some institutions reserve the freshest RBC products for these patients.

Leukoreduction: Pre-storage leukoreduced RBC products are typically provided for 
neonates in the US. Leukoreduction decreases the risk of febrile transfusion reactions, 
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HLA alloimmunization, and CMV transmission (leukoreduced RBCs are considered 
“CMV safe”).

CMV Seronegative: A number of institutions provide blood from CMV-seronega-
tive donors (“CMV negative”) for low birth-weight infants (LBWI) (1200 g) who 
are at highest risk for contracting CMV. The risk of CMV transmission may be slightly 
lower following transfusion of “CMV-negative” as compared to “CMV-safe” (i.e. leu-
koreduced) products, but this has not been proven. The risk of acquiring CMV from 
CMV-seronegative donors, however, is not zero, due to the pre-seroconversion “win-
dow period.”

Irradiation: The use of irradiated RBC products also varies by country and institu-
tion. Given the potential for an undiagnosed cellular immune deficiency which would 
increase the neonate’s risk for transfusion-associated graft-versus-host disease (TA-
GVHD), some institutions opt to irradiate all blood products given to infants under 
a certain age (i.e. 6 months of age). Irradiated RBCs must be provided to neonates 
with congenital immunodeficiencies or malignancies, those undergoing HPC trans-
plantation, those requiring treatment with fludarabine or other purine analogues 
therapy, and those receiving products from relatives.

RBC products should be irradiated close temporally to the transfusion for patients 
who are receiving large-volume transfusions or are more sensitive to increased levels 
of potassium. Alternatively, the product can be volume reduced or washed to decrease 
the potassium load.

Neonatal RBC Compatibility Testing: Given that alloimmunization to trans-
fused RBCs in infants under 4 months of age is extremely unusual, AABB Standards 
(Standard 5.16) require limited pretransfusion testing for neonates. ABO and D for-
ward typing must be done once, and neonatal plasma/serum must initially be tested 
for passively acquired maternal anti-A or anti-B using the antiglobulin (AHG) phase if 
non-group O RBCs are to be transfused. Additionally, one antibody screen must be per-
formed on a sample from either the neonate or the mother to ensure maternal alloanti-
bodies are not present. During a single hospitalization, repeat antibody screens are not 
necessary if the initial screen is negative, until 4 months of age. Furthermore, compati-
bility testing and repeat ABO/D typing are necessary only in certain circumstances, such 
as an initial positive antibody screen or passively acquired maternal anti-A/anti-B.

Neonatal RBC Exchange Transfusion Considerations: Exchange transfusion is 
utilized primarily to decrease bilirubin levels, in order to avoid kernicterus. In cases of 
hemolytic disease of the fetus and newborn (HDFN), maternal alloantibodies and neo-
natal antigen positive RBCs are removed, and replaced with RBCs negative for the rel-
evant antigen. Cord bilirubin levels 5 mg/dl, bilirubin levels that rise 1 mg/dl/hour, 
or indirect bilirubin 20 mg/dl are all potential indications for exchange transfusion.  
A double volume exchange transfusion removes approximately 75–90% of circulating 
RBCs and 25% of the total bilirubin (which quickly equilibrates between the extravas-
cular tissues and the intravascular space following the procedure). RBCs are typi-
cally volume reduced, washed, or deglycerolized, and reconstituted with fresh frozen 
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plasma (FFP) to a hematocrit of about 50% for an exchange transfusion. Post-pro-
cedure labs must be checked to ensure Hgb, platelet count, PT, PTT and fibrinogen 
levels are appropriate (see Chapter 43).

RBC Transfusions in Children and Adolescents: RBC transfusions are dosed 
by weight for neonates and children, with 10–15 ml/kg of RBCs increasing Hgb 
approximately 2–3 g/dl. Children are generally better able to compensate for anemia 
than adults, and may be transfused at lower Hgb levels than adults. A recent study of 
RBC transfusion thresholds (Lacroix et al., 2007) in a pediatric intensive care unit set-
ting found that a Hgb threshold of 7 g/dl for RBC transfusion can decrease transfu-
sion requirements without increasing adverse outcomes in stable, critically ill children. 
However, higher Hgb levels are necessary for adequate growth and development in 
children with chronic anemias, such as thalassemia major.

RBC Product Selection in Children and Adolescents: The indications for irra-
diation, leukoreduction and CMV-seronegative products are generally similar to those 
for adults, and are discussed in Chapters 36, 37 and 38, respectively. An exception is 
that some institutions irradiate cellular products for young children to avoid the risk 
of TA-GVHD in patients with undiagnosed cellular immune deficiencies.

Platelet Transfusions:

Platelet Transfusions in Neonates: Thrombocytopenia can occur in neonates 
due to decreased production or accelerated destruction of platelets. Most cases of neo-
natal thrombocytopenia are multifactorial, with prematurity and infection accounting 
for a large percentage of them. The diagnosis of neonatal alloimmune thrombocy-
topenia (NAIT) or maternal idiopathic thrombocytopenic purpura (ITP) should be 
considered in otherwise healthy infants with thrombocytopenia, as should congenital 
platelet disorders. Both NAIT and maternal ITP result in passively transferred mater-
nal antibodies (alloantibodies in the case of NAIT and autoantibodies in the case of 
maternal ITP) against fetal/neonatal platelet antigens.

Platelet transfusion triggers for neonates are not clearly defined, with practices vary-
ing by institution and provider, depending on the clinical situation and gestational age 
of the neonate. Generally, platelet counts are kept above 50,000/l in bleeding neonates 
or those undergoing an invasive procedure, with counts kept above 100,000/l in 
extremely ill, premature infants. Prophylactic transfusions are generally given for plate-
let counts below 20,000/l in neonates. Transfusion of 10 ml/kg of platelets generally 
leads to an expected increase in platelet counts of 50,000–100,000/l.

Platelet Transfusions in Children: Indications for platelet transfusions in chil-
dren are similar to those in neonates. As in neonates, platelets are dosed by volume in 
children (approximately 10 ml/kg per dose). Ongoing studies are investigating dosing 
by platelet number per kilogram, rather than by volume.

Platelet Product Selection:

Irradiation: Irradiation of platelets is indicated for situations similar to those out-
lined in the RBC section above. One notable indication for irradiation is for maternal  
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platelets being transfused to neonates with NAIT. This is necessary to prevent TA-
GVHD, given the HLA similarity between mother and neonate. In addition, these 
maternal platelets must be washed prior to transfusion to remove the antibody-con-
taining plasma.

ABO/Rh Compatibility: Platelet components should be ABO/Rh compatible, if pos-
sible. The transfusion of group O platelets to group A or B recipients should be avoided, 
due to the possibility of the passive transfer of anti-A or anti-B. These antibodies have 
been reported to cause hemolysis in children. If needed, ABO-incompatible products can 
be volume reduced or washed prior to transfusion. Should Rh(D)-positive platelets have 
to be given in instances of blood shortages to Rh(D)-negative individuals, RhIg should be 
considered to prevent alloimunization.

Leukoreduction: Pre-storage leukoreduced platelet products are typically provided 
for infants and children in the US, as outlined in the RBC section above.

CMV Seronegative: As with RBCs, leukoreduced “CMV-safe” platelets are gener-
ally provided for infants and children in the US. When possible, platelets from CMV 
seronegative donors may be provided for low-birth-weight infants.

Volume Reduction: Volume reduction is not recommended, except in exceptional 
cases, due to the platelet loss (both in number and function) that occurs as a result of 
the procedure.

Plasma Transfusions: Reference values of coagulation factors for children under 
6 months of age are different for children and adults. However, indications for plasma 
transfusions are similar for neonates, children and adults. Dosing of plasma for 
neonates and children is weight-based. Most coagulation factor levels will be raised by 
approximately 20%, using 10–20 ml/kg of fresh frozen plasma (FFP).

Plasma Product Selection: FP24 (plasma frozen within 24 hours of collection) 
has lower levels of Factor VIII than FFP, which is frozen within 8 hours of collection. 
FP24 should not be chosen to treat Factor VIII deficiencies; many institutions use 
these products interchangeably for other indications.

Cryoprecipitate Transfusions: Indications for cryoprecipitate transfusions are 
similar for neonates, children and adults, where cryoprecipitate is primarily transfused 
to increase fibrinogen. Cryoprecipitate is dosed by weight in neonates and children, 
with 1–2 units transfused per 10 kg.

Cryoprecipitate Product Selection: It is generally recommended that ABO-
compatible cryoprecipitate is transfused to neonates and children whenever possible. 
However, cryoprecipitate contains smaller amounts of anti-A and anti-B than other 
plasma products.

Granulocyte Transfusions: Transfused granulocytes may be more efficacious in 
neonates and children than in adults, due to the size of the recipient allowing for a 
larger dose per kg. Bacterial sepsis unresponsive to antibiotics in patients with severe 
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neutropenia (ANC 500/l for children, with higher ANC counts in infants) is a 
potential indication for granulocyte therapy. Likewise, severe infection unresponsive 
to antibiotics in patients with qualitative neutrophil defects (i.e. chronic granuloma-
tous disease) is a potential indication for granulocyte therapy. Refractory fungal sepsis 
in neutropenic oncology patients is a third potential indication for granulocyte ther-
apy (see Chapter 32).

Granulocyte Product Selection: Granulocytes  should not be transfused through 
a leukoreduction filter. CMV-seronegative recipients should receive granulocytes from 
CMV-seronegative donors, when possible. All granulocyte products transfused to 
immunocompromised recipients must be irradiated. Additionally, due to significant 
RBC contamination, the product must be ABO/D compatible and crossmatch com-
patible with the recipient.

Recommended Reading
Bell EF, Strauss RG, Widness JA et al. (2005). Randomized trial of liberal versus 

restrictive guidelines for red blood cell transfusion in preterm infants. Pediatrics 
115, 1685–1691.

Kirpalani H, Whyte RK, Andersen C et al. (2006). The Premature Infants in Need of 
Transfusion (PINT) study: a randomized, controlled trial of a restrictive (low) ver-
sus liberal (high) transfusion threshold for extremely low birth-weight infants. J 
Pediatr 149, 301–307.

Lacroix J, Hebert PC, Hutchison JS et al. (2007). Transfusion strategies for patients in 
pediatric intensive care units. N Engl J Med 356, 1609–1619.

Luban NL. (2002). Neonatal red blood cell transfusions. Curr Opin Hematol 9, 
533–536.

Roseff SD, Luban NL, Manno CS. (2002). Guidelines for assessing appropriateness of 
pediatric transfusion. Transfusion 42, 1398–1413.

Strauss RG. (2008). How I transfuse red blood cells and platelets to infants with the 
anemia and thrombocytopenia of prematurity. Transfusion 48, 209–217.



Perinatal Transfusion Medicine
Beth H. Shaz, MD

C H A P T E R  43
Transfusion management of the pregnant woman and fetus requires special consid-
eration. This chapter will address the following related issues: 1) routine prenatal and 
neonatal transfusion testing in relationship to maternal alloimmunization, 2) hemo-
lytic disease of the fetus and newborn (HDFN), 3) neonatal alloimmune thrombocy-
topenia (NAIT), and 4) treatment of HDFN and NAIT, including proper selection of 
blood components. 

The management of HDFN and NAIT includes maternal, fetal and neonatal test-
ing and treatment. HDFN occurs when maternal plasma contains a RBC alloanti-
body against an antigen carried on the fetal RBCs, resulting in hemolytic anemia. The 
administration of Rh immune globulin (RhIg) perinatally has dramatically decreased 
the incidence of HDFN due to anti-D. The primary goals of prenatal testing are to 
determine which women would benefit from RhIg prophylaxis and which women/
fetuses require further monitoring/treatment for HDFN. NAIT occurs as a result of a 
maternal platelet alloantibodies directed against an antigen on fetal platelets resulting 
in thrombocytopenia, which is more extensively discussed in Chapter 81.

Other obstetrical issues associated with transfusion medicine that may occur are 
discussed in different chapters of this book. Severe hemorrhage, which requires mas-
sive transfusion, results from placenta previa, or uterine atony or rupture, and DIC 
can lead to hysterectomy and loss of future reproductive capacity, and/or loss of the 
mother, child, or both (Chapter 50). In addition, thrombocytopenia can occur in 
pregnancy, and may be secondary to immune thrombocytopenic purpura (ITP); 
thrombotic thrombocytopenic purpura (TTP); hemolysis, elevated liver enzymes, and 
low platelets (comprising the HELLP syndrome); and acute fatty liver of pregnancy 
(Chapter 103). Lastly, transfusion management of pregnant patients with hemoglob-
inopathies, such as sickle cell disease and thalassemia, is discussed in Chapter 45.

Hemolytic Disease of the Fetus and Newborn:   HDFN occurs when maternal 
plasma contains an alloantibody against an antigen carried on the fetal RBCs. The mater-
nal IgG crosses the placenta and coats the fetal RBCs. The sensitized RBCs are removed 
from circulation through splenic macrophages, which leads to fetal anemia. In an effort 
to compensate for the RBC loss, the bone marrow releases immature RBCs (erythroblas-
tosis fetalis). When the bone marrow fails to produce enough RBCs, then erythropoiesis 
occurs outside of the bone marrow in the spleen and liver. As the spleen and liver enlarge 
(hepatosplenomegaly), this results in hepatocellular damage where the hepatocytes can 
no longer produce enough plasma proteins, leading to high-output cardiac failure with 
generalized edema, effusions and ascites (hydrops fetalis). Hydrops fetalis, which can 
develop as early as 17 weeks’ gestational age, was previously uniformly fatal, but with 
the use of intrauterine transfusions (IUT) and other therapeutic modalities there is a 
74% survival rate. Severe non-hydropic HDFN, requiring IUT, has a 90% survival rate. 
241
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If severe anemia and/or hydrops develops prior to the ability to perform IUT (prior to 
18 weeks gestational age), a combination of maternal treatment of plasma exchange and 
intravenous immunoglobulin has been used until IUT is possible.

In utero, the bilirubin released from hemolyzed RBCs is cleared by the placenta. 
After birth, the neonatal liver has limited capacity to conjugate the bilirubin. When 
increased levels of unconjugated bilirubin exceed the binding capacity for albumin, 
the unbound, unconjugated bilirubin crosses the blood–brain barrier and results 
in neuronal cell death in the basal ganglia and brain stem (known as kernicterus). 
Kernicterus is prevented by treating the neonatal hyperbilirubinemia by photother-
apy and, if needed, RBC exchange. Guidelines for phototherapy and RBC exchange 
transfusion are published by the American Academy of Pediatrics Subcommittee on 
Hyperbilirubinemia.

The severity of HDFN is influenced by the antibody titer and specificity (anti-D, 
anti-c, and anti-K have the highest likelihood of severe HDFN), the immunoglobulin 
class, and the number of antigenic sites on the RBC. In general, the severity of HDFN 
increases with subsequent pregnancies. Anti-A and/or anti-B antibodies are the most 
common antibodies associated with HDFN, but the disease is usually mild.

Immune sensitization to RBC antigens occurs after fetomaternal hemorrhage 
(FMH) during pregnancy or delivery, or through previous RBC transfusion. As little 
as 0.1 ml of D-positive RBCs may result in D sensitization. The incidence of maternal 
sensitization decreases with ABO incompatibility between the fetus and mother. Due 
to the use of RhIg prophylaxis, the incidence of anti-D formation has decreased from 
14% to 0.1% of D-negative mothers.

Prenatal Testing:  At the first prenatal visit, usually at 12 weeks’ gestational age, 
the maternal ABO/D type and antibody screen are performed. Testing for weak D 
is not required. If the pregnant woman is D positive and has no alloantibodies, then 
no further testing is recommended. If the pregnant woman is D negative and is not 
sensitized to the D antigen, then she should receive RhIg perinatally. If the pregnant 
woman is sensitized to a RBC antigen, then further blood bank testing is required and, 
potentially, monitoring or treating for HDFN.

D Positive, No Alloantibodies:  No further testing is recommended if transfusion  
is unlikely.

D Negative, Unsensitized to the D Antigen:  If the mother is D negative and has 
not been previously sensitized to the D antigen, then she should receive RhIg during 
pregnancy. If a woman is D positive or weak D positive, then she does not need to receive 
RhIg to prevent sensitization to the D antigen. Because 10% of individuals typed as weak 
D are partial D (who potentially can form anti-D), some authorities will either recom-
mend further testing to determine if the woman is a partial D or recommend the use of 
RhIg. Yet it is unknown if women with partial D benefit from the administration of RhIg. 
In the US, most transfusion services do not perform additional D testing to determine if 
a woman is partial D (see Chapter 23).

Rh Immune Globulin:   Antepartum and postpartum dosing is usually with 300 g 
of RhIg (which neutralizes 30 ml of whole blood or 15 ml of D-positive RBCs), though 
some institutions prefer to give a vial of 50 g (which neutralizes 5 ml of whole blood 
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or 2.5 ml of D-positive RBCs) at  12 weeks gestational age, but there is a risk of inad-
vertent misadministration of the lower dose (see Chapter 35).

RhIg is administered:

l at 28 weeks’ gestational age (dose 300 g),
l at delivery, if the neonate is D positive, weak D positive or D untested (mini-

mum dose of 300 g, further dosing determined by FMH testing), and
l following perinatal events associated with FMH, such as abortion, ectopic 

pregnancy, amniocentesis, chorionic villus sampling, external cephalic version, 
abdominal trauma and antepartum hemorrhage (minimum dose of 300 g, fur-
ther dosing determine by FMH testing, if 20 weeks’ gestational age).

After a perinatal event or delivery beyond 20 weeks gestational age, when the fetal 
blood volume exceeds 30 ml, quantification of FMH is recommended. In all situations, 
RhIg should be administered within 72 hours of the event. If a dose is not adminis-
tered during that timeframe, then it should be administered as soon as possible, even 
up to 28 days after the event.

Fetomaternal Hemorrhage Testing:  The goal of FMH testing is to determine an 
adequate dose of RhIg to neutralize a FMH. A sample for FMH testing should be 
obtained approximately one hour after delivery on all D negative women who deliver 
a D positive infant (or one hour after an event as described above). FMH testing can 
be performed by a screening test or rosette test and, if positive, quantification is typi-
cally performed by an acid elution test (Kleihauer-Betke test) or flow cytometry. Other 
FMH detection methodologies are in use, such as gel agglutination and enzyme linked 
antiglobulin test.

Rosette Test:  The rosette test demonstrates the number of D positive cells in a D-
negative suspension using an anti-D reagent. The anti-D binds to D positive RBCs, 
and when indicator D-positive RBCs are added rosettes are formed. This method 
has a FMH detection limit of about 10 ml. If the infant is weak D phenotype (or D 
unknown), the rosette test may result in a false negative and therefore a test that detects 
fetal hemoglobin should be used, such as the Kleihauer-Betke or flow cytometry test.

Kleihauer-Betke Test:  The Kleihauer-Betke test has numerous limitations, including 
low sensitivity, poor reproducibility, and tendency to overestimate the FMH volume, 
yet it is the most commonly used test to quantify FMH in the US. The Kleihauer-Betke 
test is performed on a maternal blood smear treated with acid and then stained so the 
fetal cells remain red and the maternal cells appear as ghosts; 2000 cells are counted, 
and the percentage of fetal cells is determined.

Flow Cytometry:  Flow cytometry techniques quantitate the amount of hemoglobin 
F or D-positive RBCs, and are simpler, more precise and more reliable than the 
Kleihauer-Betke test. Flow cytometry techniques are not routinely available throughout 
the US.

RhIg Dosing in the Presence of a FMH:  The calculation of RhIg dosing used by 
the AABB method (other methods exist) is presented in Table 43.1.
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Table 43.2 Probability of Causing Severe HDFN associated with RbC antibodies

Blood group

Highest 
likelihood of 
severe HDFN

Rare Cases of severe 
HDFN

Usually 
Associated with 
mild Disease

Not a Cause of 
HDFN

MNS M, S, s, U, Mia, Vw, Mur, 
Mta, Hut, Hil, Mv, Far,  
sD, ena, MUT

M, S, s, U, Mta, 
Mit

N

Rh D,c C, e, f, Ce, Cw, Cx, ew, 
G, Hro, Hr, Rh29, Goa, 
Rh32, bea, evans,Tar, 
Rh42, Sec, Jal, STeM

e, e, f, Cx, Dw, 
Rh29, Riv, lOCR

lutheran lua (rar), lub

Kell K k, Kpa, Kpb, Ku, Jsa, Jsb, 
Ula, K11, K22

Ku, Jsa, K11 K23, K24

lewis lea,leb

Duffy Fya Fyb (rare), Fy3 
(rare)

Kidd Jka Jkb(rare), Jk3

Other Dia, Wra, Rd, Coa, Co3, 
PP1 P

k, Vel, MaM,  
bi, Kg, JONeS, HJK, 
ReIT

Dib, Sc3, Cob, Ge2 
(rare), Ge3, lsa, 
lan, ata, Jra

JFV, HOFM

P1, Wrb,Yta, Ytb, 
Sc1, Sc2, CH/RG, 
CROM, KN, JMH, 
I , Jra, Hla: bga, 
bgb, bgc

*For some of the antibodies listed, the information is based on a very small number of example, sometimes only 
one, resulting in overlap between categories. Eder AF (2006). Update on HDFN: new information on long-standing 
controversies. Immunhematology 22, 188–195.

Table 43.1 Calculation of RhIg Dosing

% Fetal RbCs in maternal circulation is determined by Kleihauer-betke test or flow cytometry.
Maternal blood volume (ml)  70 ml/kg  maternal weight (kg), or 5000 ml if maternal weight  
unknown
Fetal bleed (ml)  % fetal RbCs  maternal blood volume
Dose of RhIg  fetal bleed (ml)/30 ml per dose (300-mg vial)
If the number to the right of the decimal point is  5, round down and add one dose of RhIg  
(e.g. 2.3 → 2  1  3 vials)
If the number to the right of the decimal point is  5, round up and add one dose of RhIg  
(e.g. 2.6 → 3  1  4 vials).

Alloantibodies Currently or Previously Detected:  In one series, 1% of pregnan-
cies were complicated by alloimmunization to RBC antigens which were associated with 
HDFN (40% anti-D, 30% antibodies to other Rh antigens, and 30% to non-Rh anti-
gens). The goals of blood bank prenatal testing are to identify the alloantibody (Chapter 
20), to determine the clinical significance of the alloantibody (Table 43.2), and to per-
form antibody titrations to guide the clinicians as to when fetal monitoring is required.
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Phenotype/genotype the Father or Fetus:  If paternity is assured, the father may be 
phenotyped to help in assessment of the risk of HDFN of the fetus. If the father’s RBCs 
do not carry the antigen, then no further work-up needs to be performed. If the father 
carries a double dose of the antigen (i.e. a mother has anti-Jka and the father types as 
Jk(a  b)), then the fetus is at risk for HDFN. If the father carries a single dose of the 
antigen (i.e. Jk(a  b)), then the fetus has a 50% chance of being at risk. Fetal geno-
typing or phenotyping may be performed to determine the antigen status of the fetus. 
Fetal DNA can either be obtained through amniocentesis or extracted from the mater-
nal plasma, but currently the latter is not routinely available in the US.

Antibody Titration:  Antibody titers should be performed using the saline tube 
or gel technique in the antihuman globulin phase with a previous sample (frozen at 
20°C or colder), if available, run in parallel to the current sample to compare the 
change in titration from one sample to the next. Some institutions use RBCs with 
the strongest dose of the corresponding antigen (R2R2 cells in the case of anti-D) and 
some institutions use RBCs with a single dose of antigen; in either case the laboratory 
should consistently use RBCs of that phenotype. Antibody titers are performed by 
serially diluting the patient’s plasma/serum against the appropriate RBCs and deter-
mining the titer where 1 reaction still occurs (AABB method). The titration end-
point is reported as a reciprocal of the titer (i.e. 1:16 is reported as 16). The use of gel 
technology or enhancement strategies likely changes the critical titer.

The critical titer varies between laboratories, but most institutions use 8 to 32 for 
anti-D. Critical titers for other antibody specificities remain unclear. This is espe-
cially true for anti-K, where low titers of 4 have been associated with HDFN. With the 
advent of non-invasive measurements of fetal anemia through Doppler assessment 
of the middle cerebral artery peak systolic velocity, the role of antibody titration, as 
well as more invasive techniques (such as amniocentesis and cordocentesis), is limited. 
Titrations should be performed every 2–4 weeks after 18 weeks gestational age. Once 
the critical titer is reached no further titration studies are necessary, and the pregnancy 
should be monitored by middle cerebral artery Doppler. In addition, if the mother has 
had a previously affected fetus or infant, maternal antibody titers are not helpful.

Middle Cerebral Artery Peak Systolic Velocity:  A recent study demonstrated 
equivalency between Doppler measurements of the peak velocity of systolic blood 
flow in the middle cerebral artery to serial OD450 measurements using amniocente-
sis. Fetal anemia requiring transfusion was predicted by 1.5 multiples of the median. 
MCA blood flow has 88% sensitivity and 82% specificity in predicting fetal anemia.

Amniocentesis:  Prior to the use of middle cerebral artery peak systolic velocity, 
serial amniocentesis was used to determine the severity of hemolysis. For the major-
ity of antibodies, the most notable exception is anti-K (because anti-K affects early 
RBC precursors, which results in both suppression of erythropoiesis and hemolytic 
anemia); amniotic fluid bilirubin levels correlate with the severity of hemolysis. The 
bilirubin level is quantified by spectrophotometry and measured as the changed in the 
optical density at the wavelength 450 nm (OD450). The OD450 is then plotted on 
the Liley chart, which is most accurately used after 27 weeks gestational age, to deter-
mine the severity of hemolysis (zone I predicts mild or no disease, zone II predicts 
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moderate disease and zone III predicts severe disease). Serial measurements are used 
to follow the severity of disease; when values are unchanging or increasing, then the 
disease is worsening. Amniocenesis can result in fetal injury or death.

Periumbilical Cord Blood Sampling:  Fetal blood can be sampled through percu-
taneous umbilical blood samplings (PUBS, also known as cordiocentesis), which has 
a 1–2% risk of fetal loss. This sample can be tested for hemoglobin level, hematocrit 
and blood type, and the direct antiglobulin test (DAT) can be performed.

Intrauterine Transfusions:  IUT is performed after 18–20 weeks gestational age. 
With advances of ultrasonography, allogeneic blood is directly infused into the umbil-
ical cord vein. An alternative method is injection of RBCs into the fetal peritoneal cav-
ity, from where the RBCs are absorbed into circulation through the lymphatic system. 
A combination of intravascular and intraperitoneal transfusions can also be used to 
prolong the interval between transfusions. There is a 1–2% risk of fetal mortality with 
this procedure.

RBC Transfusions:  The indications for intrauterine RBC transfusion are fetal ane-
mia secondary to parvovirus infection, HDFN, twin-to-twin transfusion, large-volume 
fetal hemorrhage, and homozygous alpha thalassemia. Fetal anemia can be detected by 
amniotic fluid OD450 or Doppler middle cerebral artery measurements, cordocente-
sis blood sample (hemoglobin 10 g/dl or hemoglobin two standard deviations below 
the mean for gestational age), or fetal hydrops noted on ultrasound examination.

For HDFN, the most common antibodies requiring the use of IUT include anti-D 
alone or with another antibody(ies), anti-K, and (rarely) anti-C. The transfusion vol-
ume is suggested to be between 20 and 50% of the fetoplacental blood volume. The 
normal fetus can tolerate rapid infusion of large blood volumes (5–7 ml/min), but this 
is not the case with a hydropic fetus, where the transfusion volume should be limited 
and the posttransfusion hematocrit should be lower for the first procedure. A hydropic 
fetus requires more frequent transfusions of smaller volumes. Typically, IUT is repeated 
every 1–3 weeks to maintain a fetal hematocrit at 27–30% (fetal hematocrit decreases 
1–2%/day) until 35 weeks gestational age, with delivery at 37–38 weeks after confirma-
tion of fetal lung maturity by amniocentesis. Intravascular exchange transfusions can 
be performed instead of simple intravascular transfusions, but the simple transfusion is 
preferred owing to the shorter procedure time and it being technically easier.

Neonates who have received IUT may have suppressed erythropoiesis, which can 
result in hypoproliferative anemia (low levels of erythropoietin and low reticulocyte 
counts). This may require RBC transfusions several weeks after birth, and/or the use 
of exogenous erythropoietin.

RBC Product Selection:  The RBCs should be group O, D negative, CMV safe (some 
centers may decide to provide CMV seronegative, especially if the mother is CMV 
seronegative), leukoreduced, irradiated and hemoglobin S negative. RBC products 
should be antigen negative for the corresponding antibody(ies) and crossmatch com-
patible with the maternal plasma. Some recommend products that are less than 7 days 
old because they have improved levels of 2,3-DPG and lower levels of potassium. An 
alternative is to use frozen, deglycerolized RBCs, which also have near-normal levels 
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of 2,3-DPG. If a RBC product which has been stored for 7days needs to be used, it 
can be washed to remove the potassium and other electrolytes. Washing is also indi-
cated for RBC products stored in additive solution (AS), to remove the additive. In 
some circumstances, especially when antigen-compatible allogeneic blood is unavaila-
ble, maternal RBCs can be used, even if they are ABO mismatched. The maternal RBC 
product should be washed to remove the antibody-containing plasma. The RBC prod-
uct should have a high hematocrit, 75–85%, to minimize volume overload. The desired 
fetal hematocrit after the transfusion is usually 40–45%. IUT volume can be calculated 
by a variety of methods; Table 43.3 provides one of the calculation methods used.

Table 43.3 Intrauterine Transfusion Volume

Intraperitoneal transfusion volume:
 Volume to transfuse (ml)  (gestation in weeks – 20) 3 10 ml
Intravenous transfusion volume:
 Fetoplacental volume (FPV) (ml)  fetal weight (g)  0.14

Volume to transfuse (ml) FPV (Hct post Hct pre)
Hct of dono

  

rr product

Hct post 5 the desired fetal hematocrit after the transfusion, Hct pre 5 the fetal 
hematocrit prior to transfusion, and Hct of donor product 5 the hematocrit of the 
RBC donor product

Platelet Transfusions:  The primary indication for intrauterine platelet transfusions 
is fetal thrombocytopenia secondary to NAIT when the platelet count is  50,000/l. 
The prenatal management of NAIT with intravenous immunoglobulin with or with-
out steroids has decreased the use of intrauterine platelet transfusions in the manage-
ment of this disease. The use of intrauterine platelet transfusion in thrombocytopenic 
fetus carries a risk of serious bleeding (see Chapter 81).

Platelet Product Selection:  The platelet product should be irradiated and leuko-
reduced (CMV safe), and can be of maternal origin or negative for the correspond-
ing antigen for which the maternal antibody is directed. If maternal platelets are used 
they must be washed to remove the plasma containing the antibody, and the platelets  
resuspended in AB plasma (or plasma compatible with both the mother and fetal 
ABO type) or saline.

Neonatal Testing:  The cord blood sample should be tested for ABO/D, including 
weak D, and the corresponding antigen if the mother has a RBC antibody. A false-neg-
ative D type can occur if the fetal RBCs are coated with IgG anti-D, known as “blocked 
D.” In this situation, an eluate of these cells will demonstrate anti-D. If there is ABO 
incompatibility between the mother and infant, or the mother has a RBC antibody, 
a DAT should be performed using antihuman globulin. The DAT is important in the 
diagnosis of HDFN, but the strength does not correlate with the severity of disease.

Treatment of the Neonate with HDFN:  Phototherapy with ultraviolet light 
can be used in infants with mild to moderate HDFN. In severe cases, RBC exchange 
transfusion may be necessary to prevent kernicterus. Indications for exchange include 
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cord hemoglobin 10 g/dl, cord bilirubin 5.5 mg/dl, rising bilirubin despite photo-
therapy 0.5 mg/dl per hour, or bilirubin 20 mg/dl in a term infant (lower bilirubin 
levels in premature infants or infants with hypoxemia, acidosis and hypothermia). The 
benefits of RBC exchange transfusion include removal of the bilirubin, removal of 
sensitized RBCs, removal of maternal antibody, provision of antigen-negative RBCs, 
and suppression of erythropoiesis. Intravenous immunoglobulin (dose 0.5 g/kg) has 
been shown to decrease the need for RBC exchange in neonates with HDFN.

RBC Exchange Transfusion:  Group O, D negative, CMV seronegative, irradiated, 
and hemoglobin S negative products, which are less than 7 days old are used (alter-
nately, frozen and deglycerolized RBC products can be used). In addition, RBC prod-
ucts should be antigen negative for the corresponding antibody(ies) and crossmatch 
compatible with the maternal plasma. If a maternal sample is not available, then the 
infant’s plasma and/or an eluate from the infant’s RBCs can be used. The Group O 
plasma should be removed and replaced with group AB fresh frozen plasma (FFP) to 
dilute the RBCs to an appropriate hematocrit (40–50%). In some circumstances, espe-
cially when antigen-compatible allogeneic blood is unavailable, maternal RBCs can be 
used (with the plasma removed) even if they are ABO mismatched. Typically, the vol-
ume exchanged is twice the blood volume of the infant (Table 43.4).

Table 43.4 Volume and Preparation of blood for exchange Transfusion

exchange volume (ml)  2  TbV

TBV 100ml/kg premature infant
85ml/kg term infant




Volume of RBC product (ml)
Exchange volume reconstituted H


 cct

Hct of RBC product

Volume of FFP (ml)  exchange volume  volume of RbC product

Reconstituted Hct is the desired Hct of the product once the RBC product and FFP are combined 
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Autoimmune hemolytic anemias (AIHA) refers to a group of disorders where 
autoantibodies are directed against red blood cell (RBC) membrane antigens and 
result in shortened RBC survival (normally 100–120 days) through activation of the 
complement system and/or removal within the reticuloendothelial system (RES). 
Classification of AIHAs includes warm autoimmune hemolytic anemia (WAIHA), cold  
agglutinin disease (CAD), mixed type AIHA, paroxysmal cold hemoglobinuria 
(PCH), and drug-induced hemolytic anemia. The diagnosis of AIHA is dependent on 
the clinical features and the serologic work-up, primarily the direct antiglobulin test 
(DAT; see Chapter 21).

In the AIHAs, the degree of hemolysis depends on the antibody class and 
 characteristics such as concentration and “antigen” affinity, ability to fix comple-
ment, and thermal amplitude. These antibodies typically react as panagglutinins, 
meaning that they show in vitro reactivity with all tested RBCs. Thus, these anti-
bodies must be binding to a ubiquitous antigen or have non-specific binding. In 
WAIHA, IgG autoantibody most commonly reacts to Rh group proteins as panagglu-
tinin antibodies. These IgG autoantibodies “coat” RBCs, and these coated RBCs are 
removed by phagocytosis by Fc receptors primarily within the spleen, thus achieving 
 extravascular hemolysis.

In contrast to IgG alloantibodies, IgM molecules efficiently activate the com-
plement cascade (starting with C1q) and can result in intravascular hemolysis. The 
degree of intravascular hemolysis is affected by antibody concentration, thermal 
amplitude, and amount and inactivation by complement regulatory proteins, such as 
decay accelerating factor and others. CAD is caused by IgM autoantibodies, usually 
of i or I specificity. In severe cases CAD can result in intravascular hemolysis, but also 
can result in extravascular hemolysis because RBCs are in the cool peripheral circula-
tion for a short time-period and then the lgM dissociates when the RBC is warmed in 
the central circulation. The short time-period may only be sufficient to activate the 
complement cascade to the C3b stage and not to the membrane attack complex stage. 
The C3b-coated RBCs are cleared by hepatic macrophages with receptors specific for 
C3b if there is a sufficient quantity of C3b molecules on the RBCs (500–800/RBC).  
C3b-coated RBCs, which are not removed from the hepatic circulation, are unharmed 
and the C3b is degraded to C3dg; C3dg-coated RBCs have near-normal survival.

Clinical Manifestations:  The presence of anti-erythrocyte autoantibodies does 
not always cause hemolysis and thus anemia. In fact, most patients with low concen-
trations of IgG autoantibodies will have laboratory findings such as a positive DAT 
but will not have anemia or related symptoms. When hemolysis is of a significant 
degree, anemia, jaundice and splenomegaly can occur. Laboratory testing should 
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include a complete blood count, reticulocyte count, serum bilirubin level, serum lac-
tic dehydrogenase (LDH) level, serum haptoglobin value and peripheral blood smear. 
Hemolytic anemia results in anemia, elevated reticulocyte count, increased bilirubin 
levels (especially the indirect fraction), elevated LDH level and decreased haptoglobin 
level. The peripheral smear may demonstrate spherocytes (WAIHA) or RBC agglu-
tination (CAD), which may aid in the diagnosis of hemolytic anemia. Urinalysis will 
show hemoglobinuria when intravascular hemolysis is present.

Warm Autoimmune hemolytic Anemia:  WAIHA is secondary to IgG (rarely 
IgA or IgM) warm autoantibodies with broad specificity, which typically react at 37°C 
and result primarily in extravascular hemolysis. Extravascular hemolysis is where the 
hemolysis occurs in the RES, resulting in increase in serum bilirubin, but usually not 
hemoglobinemia or hemoglobinuria. IgG-sensitized RBCs are destroyed or damaged 
within the RES, predominantly by splenic macrophages.

Pathogenesis:  WAIHA may be idiopathic or secondary to a variety of diseases, such 
as chronic lymphocytic leukemia, lymphoma, systemic lupus erythematosus and AIDS 
(Table 44.1). IgG-coated RBC is detected serologically by a positive DAT with IgG; in 
addition, the RBC may sometimes be coated with complement and therefore the DAT 
may also be positive for complement (see Chapter 21). IgG, when eluted from RBCs, 
typically reacts as a panagglutinin, and thus does not demonstrate specificity. Of indi-
viduals with WAIHA, 80% have the autoantibody present in the plasma as well as on 
the RBC membrane when sufficient antibody titers are present (see Chapter 20). The 
plasma-phase autoantibody usually reacts as a panagglutinin in the indirect antiglob-
ulin test (i.e. antibody screen/antibody identification panel). Occasionally antibody 
identification demonstrates specificity to antigens in the Rh system (usually c or e) or 
other RBC antigens, and thus is said to have “apparent specificity.”

Table 44.1 Immune Hemolytic anemias

WAIHA CAD Mixed AIHA PCH Drug-induced

Percent of 
cases

48–70% 16–32% 7–8% Rare in adults; 
32% in children

12–18%

DaT IgG 20–66%; 
IgG  C3 
24–63%;  
C3 7–14%

C3 91–98% IgG  C3  
71–100%

C3 94–100% IgG 94%; IgG 
 C3 6%

Ig type IgG (rare Iga 
or IgM)

IgM IgG  IgM IgG IgG

eluate Panagglutinin Non-reactive Panagglutinin Non-reactive Panagglutinin

Plasma Panagglutinin 
(IgG)

Panagglutinin 
(IgM)

Panagglutinin 
(IgG  IgM)

IgG biphasic 
hemolysin

Panagglutinin 
(IgG)

antibody 
specificity

Rh I (rare i or Pr) P Rh

Modified from Brecher ME (ed.). (2005). AABB Technical Manual, 15th edition. Bethesda, MD: AABB Press.
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Treatment:  Treatment for WAIHA depends upon the clinical severity of the disease. 
First-line treatment is usually corticosteroids; other treatments include splenectomy, 
rituximab, intravenous immunoglobulin and alternate immunosuppressive medica-
tions. In secondary WAIHA, treatment should also target mitigating the underlying ill-
ness. Severe anemia with cardiac or cerebral dysfunction requires urgent management, 
which may include RBC transfusion. Patients with severe disease who are not respon-
sive to RBC transfusion and other immunomodulatory treatments, secondary to rapid 
RBC destruction, may occasionally benefit from plasma exchange for removal of the  
pathogenic antibodies (see below).

Blood Bank and Transfusion Management:  During an acute presentation in a 
patient with newly diagnosed AIHA, finding the appropriate RBC product for trans-
fusion can be a challenge, and close communication between the transfusion service 
and the treating physician is necessary. Owing to the presence of a strong autoanti-
body, both the direct and indirect antiglobulin tests (and thus the antibody screen-
ing tests and panels) will be positive as the autoantibody, reacting as a panagglutinin, 
will react with all tested cells. The presence of positive reactions (i.e. in vitro aggluti-
nin) in all tested cells makes the serologic identification of coexisting alloantibodies  
difficult, as their identification typically requires patterns of differential reactivity. 
Absorption techniques using either donor or patient RBCs are available at some hos-
pital laboratories but usually reference laboratories perform these specialized tests, 
which are time-consuming. As 12–40% of patients with warm autoantibodies also 
have clinically significant alloantibodies, it is imperative that appropriate methods for 
determining the presence of coexisting alloantibodies be used. It is also helpful to rec-
ognize that the presence of a panagglutinin will create positive crossmatch results, and 
thus the crossmatch will not be helpful in determining compatibility with underlying 
alloantibodies.

Performing RBC phenotyping in patients with autoantibodies can be helpful 
because it focuses the antibody work-up on the possible alloantibodies the patient is 
capable of forming. In addition, if a complete phenotype can be determined, then the 
transfusion service can provide phenotype-matched RBCs, which may prevent future 
alloimmunization and delayed hemolytic transfusion reactions (DHTR) as well as cir-
cumventing the need for exhaustive absorption studies (see Chapter 20).

The Johns Hopkins Hospital published their approach to patients with warm 
autoantibodies, which included a phenotype for C, E, c, e, K, Jka, Jkb, Fya, Fyb, S and s, 
if they were able to perform the phenotype, and providing phenotype-matched as well 
as antigen-negative for any identified alloantibodies. During analysis of subsequent 
samples, if the serologic results were consistent with previous findings, then pheno-
type-matched products were provided. Twelve of the 20 patients studied could be fully 
phenotyped, and eight could be partially phenotyped or phenotyping was indeter-
minate. The patients received between 2 and 39 products, and none developed new 
alloantibodies during the study period of 13 months.

Due to the presence of the warm, IgG autoantibody in these patients, it is typically 
not possible to identify crossmatch-compatible units. This necessitates the adminis-
tration of incompatible blood. Most blood banks and clinicians will select so-called  
“least incompatible” blood, meaning that they will choose those units for which the 



254� Beth�H.�Shaz,�MD�and�Christopher�D.�Hillyer,�MD
crossmatch demonstrates the least reactivity. The predicative value of this approach 
for in vivo hemolysis is not known. When the autoantibody does demonstrate appar-
ent specificity (e.g. anti-e), selection of antigen-negative units (e.g. e negative) seems 
an appropriate decision, although these antibodies will still react with the patient’s 
RBCs. Arguments against this approach include that there are scant data to support 
this approach, and that this practice increases the likelihood that an alloantibody will 
be induced to the antithetical antigen (e.g. E) if it is not carried on the patient’s RBCs. 
In addition, the apparent antigen specificity is usually to a high-frequency antigen for 
which it is difficult to obtain antigen-negative RBCs (e.g. 98% of the population is  
e positive), such that transfusion may be delayed while acquiring antigen-negative RBCs.

Risks of transfusion in patients with WAIHA are increased hemolysis, resulting 
from the increase in RBC mass or inability to recognize and respect underlying alloan-
tibodies, and congestive heart failure secondary to circulatory overload. It is recom-
mended in severe cases that transfusion commence using small volumes of RBCs with 
close clinical observation.

Therapeutic plasma exchange (TPE) has been used in the management of WAIHA 
in severe cases unresponsive to RBC transfusion and other immunomodulatory thera-
pies. WAIHA is an ASFA category III indication for TPE secondary to the rare and 
conflicting reports of its successfulness (see Chapter 68). Theoretically, TPE would 
be less effective in WAIHA because the IgG intravascular distribution is 45% (IgM is 
80%) and the pathogenic IgG antibody is coating the RBCs and is less available in the 
plasma; therefore, TPE would result in inefficient antibody removal.

AIHA Associated with a Negative DAT:  A patient may have AIHA with a nega-
tive DAT secondary to the RBC-bound IgG being below the threshold of detection 
(150 IgG molecules/RBC), RBC-bound IgA and IgM being responsible (these are 
not detected by most routine reagents), or low-affinity IgG which is washed off the 
RBCs.

Alternative Testing Techniques:  Reference laboratories may have alternative tech-
niques for evaluating patients with WAIHA associated with a negative DAT. Flow cytom-
etry can be used to detect small amounts of RBC-bound IgG, IgA and IgM. In addition, 
non-licensed anti-IgA and anti-IgM reagents to detect RBC-bound IgA or IgM, respec-
tively, are available. Cold low-ionic strength saline wash DAT may be helpful in detecting 
low-affinity autoantibodies.

Cold Agglutinin Disease:  CAD may be idiopathic or secondary to a variety of dis-
ease, such as Mycoplasma pneunomiae or mononucleosis infection, or lymphoprolif-
erative disorders. When associated with an acute infection, CAD is usually transient; 
when associated with lymphoproliferative disorders, it is usually chronic. The clinical 
severity depends on the thermal amplitude, the antibody’s ability to fix complement, 
and antibody titer. The typical clinical manifestations are a moderate chronic hemo-
lytic anemia, which is exacerbated in the cold, in a middle-aged or elderly person with 
a good prognosis. In severe cases, the IgM autoantibody can result in life-threatening 
intravascular hemolysis.

CAD is characterized by a high titer (10,000 at 4°C) IgM autoantibody that is reac-
tive at 30°C (high thermal amplitude) with I or i specificity (rarely Pr) (Table 41.1). 
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The DAT is positive for C3 only (see Chapter 21). CAD secondary to Mycoplasma 
pneumoniae is associated with an IgM with anti-I specificity. The specificity of the 
antibody associated with infectious mononucleosis is anti-i. The pathogenesis of the 
autoantibody formation is unknown; theories include: 1) immune dysfunction, 2) anti-
gens sharing between the infectious agent and RBC (known as antigen mimicry), and  
3) infection induced antigenic changes resulting in increased antigenicity.

Pathogenesis:  CAD results from IgM cold autoantibodies (also known as cold 
agglutinins) which lead to RBC agglutination at cold temperatures (4–18°C) in vitro 
and hemolysis in vivo when the antibody is present in high titer (1:10,000) and 
reactive at warm temperatures (37°C). The IgM autoantibodies, when present 
in sufficient quantity and able to react at near 37°C, activate the classic complement 
pathway on the RBC membrane, beginning with calcium-dependent C1q bind-
ing, under appropriate conditions, and ending with full assembly of the mem-
brane (or terminal) attack complex. The membrane attack complex breaches the 
RBC membrane and leads to physical, intravascular hemolysis resulting in hemo-
globinemia, hemoglobinuria and hemosiderinuria. Plasma-free hemoglobin binds 
haptoglobin, and thus free haptoglobin measurements are low. In some clinical situ-
ations complement activation is not sufficient to activate full assembly of the mem-
brane attack complex, due to antibody concentration and reactivity at required 
temperatures and complement regulatory proteins, and the complement activa-
tion is only taken through the C3 stage, resulting in C3b-coated RBCs. C3b-positive  
RBCs can be phagocytized by macrophages with C3b receptors in the liver Kupfer cells, 
resulting in extravascular hemolysis. Because the RBCs must be coated with at least 
500–800 C3b molecules for RBC clearance, many C3b-coated RBCs survive normally. 
In addition, C3b is degraded to iC3b or Cdg by Factor I; the former is formed if factor 
H, membrane cofactor protein or complement receptor CR1 is present.

Treatment:  Treatment of CAD depends on the severity and rapidity of onset of 
the symptoms, and the underlying etiology for the formation of the cold agglutinin. 
The typical treatments for WAIHA (i.e. corticosteroids and splenectomy) are less 
effective in CAD. In the majority of cases the anemia is mild; thus cold avoidance is 
the sole treatment used to prevent exacerbations. Additional treatments for chronic 
CAD include rituximab, interferon-, chlorambucil and cyclophasphamide. As with 
secondary WAIHA, treatment for secondary CAD should mitigate any underlying 
disease (e.g. lymphoma). Patients with transient CAD secondary to infection (e.g. 
mycoplasma pneumonia) usually require supportive measures only (transfusion and 
cold avoidance).

Blood Bank and Transfusion Management:  Prewarming techniques may be 
used to mitigate the reactivity of the autoantibody, and thus can aid in the identifica-
tion of underlying alloantibodies in patients with CAD (see Chapter 20). In less than 
10% of patients with CAD, an alternate technique, such as cold adsorption, will be 
required.

Severe anemia can result from CAD and cardiovascular compromise, and death 
can follow; such cases may require RBC transfusions and TPE. These patients can 
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usually be transfused with RBCs crossmatch compatible at 37°C; some suggest using 
a blood warmer, especially in severe cases, in addition to keeping the patient warm 
and transfusing the product slowly. TPE may be beneficial in severe cases because TPE 
efficiently removes the primarily intravascular IgM pathogenic antibody, but its effect 
is usually temporary. CAD is an ASFA category III indication for TPE secondary to 
the paucity of data (see Chapter 68).

Combined Cold and Warm AIhA:  Combined cold and warm AIHA (mixed 
AIHA) occurs when a patient has serologic findings characteristic of WAIHA and has 
a cold agglutinin of high titer and thermal amplitude, and therefore has both WAIHA 
and CAD (Table 44.1). The IgG warm antibody is usually the more pathogenic anti-
body, and therefore treatments are similar to those for WAIHA. Depending on the 
titer and thermal amplitude of the cold autoantibody, a combination of the serologic 
techniques used for samples from patients with WAIHA and CAD can be employed.

Paroxysmal Cold hemoglobinuria:  PCH is a disorder that occurs due to the 
formation and activity of the Donath-Landsteiner antibody, a biphasic IgG antibody 
with P specificity. This biphasic antibody binds to autologous P-positive RBCs at low 
temperature and initiates complement activation, but intravascular hemolysis does 
not occur until the RBC with the antigen–antibody complex warm to 37°C. PCH may 
be idiopathic, or secondary to viral infections or syphilis. The clinical manifestation of 
PCH is an acute intravascular hemolytic anemia. It is typically self-limited, with rare 
cases of chronic PCH. The prognosis is excellent, and treatment may include steroids. 
The DAT is usually negative, but DAT positive with complement can be present (Table 
44.1). Treatment for PCH is primarily supportive, as corticosteroids have not been 
effective. Supportive care includes RBC transfusion and cold avoidance. The treatment 
of syphilis usually eliminates PCH associated with syphilis.

There is some suggestion that transfused p or Pk RBCs will have better in vivo 
survival, but the patient is likely to require transfusion prior to these RBC products 
becoming available. Therefore the use of RBCs of common P types should be pro-
vided, which usually provides adequate RBC support. In addition, RBCs should 
be transfused through a blood warmer and the patient maintained at a warm 
temperature.

Drug-induced hemolytic Anemia:  Administration of a number of commonly 
used medications can lead to hemolysis, typically occurring secondary to the mecha-
nisms described below. Drugs sometimes induce the formation of antibodies, either 
against the drug itself or against RBC antigens that may result in a positive DAT with 
or without hemolysis. Some of the antibodies produced require the presence of the 
drug (i.e. are drug dependent) for their detection and/or destruction, while others 
do not (i.e. are drug independent). The clinical manifestations are variable. The dis-
ease has an excellent prognosis, and treatment is usually to discontinue the medica-
tion. Drug-induced hemolytic anemia is most often associated with an IgG antibody 
with Rh specificity. The drug is adsorbed onto the RBC membrane and antibodies are 
made to the drug, membrane components, or part-drug, part-membrane (Table 44.1, 
Figure 44.1).
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From a blood bank and transfusion service perspective, it is imperative to con-
sider drug-induced hemolytic anemias under the appropriate clinical circumstances. 
Serologically, drug-induced hemolytic anemia may be difficult to demonstrate until 
the requisite medication is introduced into the test system. Specialized referral labora-
tories are able to perform these assays.

Drug Adsorption (Hapten) Hypothesis:  In the drug adsorption hypothesis, the 
drug binds to the RBC membrane and the antibody is largely directed against the drug 
itself. The DAT is positive with IgG and possibly complement, and occasionally results 
in extravascular hemolysis. The antibody in serum/plasma and elute only reacts with 
drug-treated RBCs (not untreated RBCs). Approximately 3% of patients receiving 
large doses of penicillin and 4% of patients receiving cephalosporins develop a posi-
tive DAT. The dose of the drug required to cause hemolysis varies between drugs – it 
is millions of units daily for weeks in the case of penicillin. Treatment of the hemolytic 
anemia is discontinuation of the medication.

Immune Complex Hypothesis:  Hemolysis occurs as a result of the drug/antidrug 
immune complex binding to the RBC. Cephalosporins may react by this mechanism. 
Usually the DAT is positive for complement only, but IgG can be present. The drug 
must be present to demonstrate the antibody in the patient’s plasma. Only a small 
amount of drug is required to result in hemolysis. This mechanism results in intravas-
cular hemolysis with hemoglobinemia, hemoglobinuria, renal failure and, occasion-
ally, death. Treatment of the hemolytic anemia is discontinuation of the medication 
and transfusion support.

Antibody
to drug and
membrane
components

Red cell membrane

Antibody
to drug

DRUG
Antibody to (mainly)

membrane components

FIgure 44.1 Proposed unifying theory of drug-induced antibody reactions (based on a cartoon by 
Habibi as cited by Garratty). The blue lines represent antigen-binding sites on the F(ab) region of the 
drug-induced antibody. Drugs (haptens) bind loosely, or firmly, to cell membranes and antibodies may be 
made to: (a) the drug (producing in-vitro reactions typical of a drug adsorption [penicillin-type] reaction); 
(b) membrane components, or mainly membrane components (producing in-vitro reactions typical of 
autoantibody); or (c) part-drug, part-membrane components (producing an in-vitro reaction typical of 
the so-called immune complex mechanism). From Brecher ME (ed) (2005). AABB Technical Manual, 15th 
edition. Bethesda, MD: AABB Press.
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Autoantibody Induction by Drugs:  Drugs may also cause a positive DAT, by 
inducing a drug-independent immune response, although the drug initiated the 
immune response. The proposed mechanism is through drug effects on immunoreg-
ulatory T cells. Serologically, this autoantibody is indistinguishable from a non-drug 
induced warm autoantibody. Methyldopa is the classic example of this mechanism, 
but fludarabine, cephalosporins, procainamide and non-steroidal anti-inflammatory 
drugs have also been associated with it. Treatment of the hemolytic anemia is dis-
continuation of the drug. If the hemolytic anemia is severe, it may be treated like a 
WAIHA.

Non-immunologic Protein Adsorption (Membrane Modification):  Some 
drugs result in non-immunologic adsorption of proteins and in a positive DAT with-
out hemolysis. Cephalosporins, diglycoaldehyde, suramin, cisplatin, clavulanate,  
sulbactam and taxobactam are associated with this mechanism.
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Patients with hemoglobinopathies require special consideration by blood center 
and hospital transfusion medicine physicians, for the following reasons: 1. They often 
require acute and chronic, simple and exchange transfusions,  2. They often require 
phenotypically matched transfusions, 3. They may develop allo- and autoantibodies 
that can be challenging to identify and occur with an increased incidence as compared 
to the general hospitalized population, 4. They can require specialized procedures such 
a prophylactic or urgent RBC exchange, 5. They may undergo HPC transplantation 
with curative intent.

This chapter addresses the above considerations for the two most common heredi-
tary chronic anemia/hemoglobinopathy patient groups that require lifelong RBC 
transfusion support, namely those with sickle cell disease (SCD) or thalassemia.

Sickle cell disease: SCD is the most prevalent genetic disorder in the African 
American (AA) population. SCD patients are usually homozygous for hemoglobin 
(Hgb) S, but can also carry Hgb S along with -thalassemia, Hgb C, or other hemo-
globinopathies. SCD affects approximately 80,000 people in the US (1 in 400 AAs are 
Hgb SS, and 1 in 12 are Hgb SA). Present data suggest that SCD patients now live to 
an average of 45 years of age. A key component of the treatment of SCD patients is 
RBC transfusion.

Pathophysiology: When sickle Hgb deoxygenates, it forms polymers within the 
erythrocyte that distort its shape and decrease its deformability, leading to vaso-
occlusion. These vaso-occlusive events can cause recurrent episodes of severe pain. 
Additionally, the chronic vaso-occlusive events can cause end-organ damage, espe-
cially in the CNS, lungs, spleen and kidney. Transfusion improves or prevents many of 
these complications.

The goals of RBC transfusion in SCD patients are to improve oxygen-carrying 
capacity by increasing Hgb AA concentration, decreasing blood viscosity, improving  
blood flow by decreasing or diluting the Hgb S containing RBCs, and suppressing 
endogenous erythropoiesis.

Methods:

Simple versus exchange transfusion: SCD patients can either receive simple 
(i.e. when RBCs are transfused without removal of the patient’s RBCs) or exchange 
transfusions (i.e. when RBCs are transfused with removal of the patient’s RBCs either 
by automated [known as erythrocytapheresis] or manual methods, which are used 
when there is not access to an automated instrument or if the patient is too small 
for erythrocytapheresis). Limitations of simple transfusion include volume overload 
259
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and reduced blood flow due to increased blood viscosity. The advantages of exchange 
transfusion over simple transfusion include a rapid increase in hematocrit and 
decrease in Hgb S level with less risk of iron and fluid overload. The disadvantages 
of chronic erythrocytapheresis over chronic simple transfusion include increased RBC 
product exposure, requirements for venous access (erythrocytapheresis either requires 
two large-bore peripheral needles or a central catheter) and increased cost (which may 
not hold true once the cost of chelation therapy is included). For all transfusions in 
SCD patients, the goal should be to maintain a hematocrit of 30% or less in order to 
prevent increased blood viscosity.

Acute versus chronic transfusion: Indications for transfusion can either be in the 
acute (or intermittent) setting or the chronic setting, and the latter is typically used for 
prophylaxis. Acute simple transfusions are used when there is a need for an immedi-
ate increase in oxygen-carrying capacity. Chronic simple or exchange transfusions not 
only increase oxygen-carrying capacity, but can also significantly decrease the level of 
Hgb S and suppress production of Hgb S RBCs.

Calculations: Formulas for calculating the volume of RBCs to be transfused in 
patients using the acute simple transfusion and chronic transfusion methods are given 
in Table 45.1.

Table 45.1 Calculation of the Volume of RbCs to be Transfused

Total blood volume (ml)  85 ml/kg child, 70 ml/kg adult

estimated RbC volume (ml)  Hct  TbV

acute simple transfusion:

Volume of replacement RBCs (ml)
[(Hct Hct TBV]

Hct
d i

r
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Chronic simple transfusion:

%HbS 1
(RBC  (ml) Hct

TBV Hct (RBC  (ml) Hctd
t r

i t r

 


  

)

( ) )











 HbSi

HbSd  desired hemoglobin S; HbSi  initial hemoglobin S; Hctd  desired hematocrit; Hcti  initial hematocrit; 
Hctr  hematocrit of replacement product; RBCt  transfused RBCs; TVB  total blood volume.

Multiple methods for manual RBC exchange in adults are available. The method 
used in the NIH Management of Sickle Cell Disease is described here:

1. 500 ml of whole blood is removed by phlebotomy,

2. 500 ml of normal saline is infused,

3. 500 ml of whole blood is again removed followed by the transfusion of 2 units 
packed RBCs.

4. These steps can be repeated until the volume to be exchanged has been reached, 
which is calculated as:

Total volume exchanged RBC volume 1 5.
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Manual exchange transfusion can utilize a stopcock for removal and infusion of 
saline or aliquots of pRBCs, and can be of high utility in very small patients or at times 
of considerable urgency.

For automated erythrocytapheresis, the apheresis device will calculate the volume 
of RBCs required for the replacement fluid. The required input information includes 
the Fraction of Cells Remaining (FCR), which is the target percentage of the origi-
nal RBC volume that will remain after the procedure, as well as the patient’s gender, 
height, weight and pretransfusion hematocrit. Lastly, the final desired hematocrit, 
average hematocrit of the replacement product (additive solution RBC products 
60% and CPDA1 RBC products 75%) and the final fluid balance are required. By 
dividing the ml of replacement fluid by 350 ml for additive solution and 250 ml for 
CPDA1 products, the number of RBC products can be determined (see Chapter 69).

Indications for acute transfusions: The indications for acute simple and/or 
exchange transfusion are listed in Table 45.2, and each is described in more detail below.

Table 45.2 Clinical Indications for RbC Transfusion in adults and Children With SCD

type of transfusion Method Indication

Therapeutic/intermittent Simple and/or  
exchange

acute symptomatic anemia
aplastic crisis
acute splenic or hepatic sequestration
acute stroke
acute chest syndrome
acute multiorgan system failure
Severe infection with symptomatic anemia
before surgery requiring general anesthesia
before eye surgery

Prophylactic/chronic Simple and/or 
exchange

Prevention of recurrent stroke in children
Prevention of first stroke in children
Complicated pregnancy
Chronic renal failure

Controversial indications 
for intermittent or 
chronic transfusion

Simple and/or 
exchange

Frequent pain episodes
acute pain crisis
Recurrent acute chest syndrome
Prevention of pulmonary hypertension/ 
 cor pulmonale
Priapism
Normal pregnancy
leg ulcers

From Josephson CD, Su LL, Hillyer KL, Hillyer CD. (2007). Transfusion in the patient with sickle cell disease: a critical 
review of the literature and transfusion guidelines. Transfus Med Rev 21, 118–133.

Acute chest Syndrome: Acute chest syndrome is defined as a new pulmonary infil-
trate on chest X-ray in a SCD patient with respiratory symptoms, chest pain or fever. 
Acute chest syndrome develops in over 30% of SCD patients in their lifetime, and is 
a leading cause of death. RBC transfusions can be utilized in the treatment of acute 
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chest syndrome, especially when there is concomitant hypoxemia. Although simple 
transfusion may be given, rapid clinical decompensation may necessitate an exchange 
transfusion.

Acute multi-organ failure: Acute multi-organ failure is a life-threatening com-
plication of SCD, and involves respiratory, hepatic and/or renal failure. It is thought 
to be a result of multiple tissue infarctions secondary to vaso-occlusion. Treatment 
includes acute simple or exchange transfusion. In patients with a higher hematocrit 
(e.g.  25%) or more severe organ failure, exchange transfusion may be preferable 
to prevent the increased viscosity and volume overload that may occur with simple 
transfusion.

Acute Sequestration: Splenic or hepatic sequestration occurs when sickled RBCs 
are trapped within the sinusoids of the organ, leading to engorgement. Sequestration 
leads to reduced circulating intravascular RBCs, which may lead to symptomatic ane-
mia. Splenic sequestration has a fatality rate of 10%, and can be recurrent. Simple 
transfusions are the preferred treatment for acute sequestration. RBCs are frequently 
given in small aliquots (5 ml/kg) over 4 hours, as the release of autologous RBCs from 
the sequestration may occur during the transfusion. Patients with recurrent splenic 
sequestration may require chronic transfusion until eligible for splenectomy.

Acute Stroke: Approximately 10% of SCD patients will develop a clinical stroke by 
age 20 years, with a higher percentage experiencing “silent” strokes. The occurrence of 
ischemic stroke is greatest in children and older patients, whereas the occurrence of 
hemorrhagic stroke is greatest in patients 20 to 29 years of age. Treatment of an acute 
ischemic stroke in children includes RBC exchange with a target end hematocrit of 
30% and Hgb S level lower than 30%. Patients who have had a stroke, as well as those 
at high risk for stroke based on transcranial Doppler (TCD) screening, are placed on 
chronic transfusion therapy. The optimal treatment of adults with stroke is not known 
at this time, but should follow recommendations for adults with stroke without SCD.

Acute Symptomatic Anemia: Patients with SCD are chronically anemic, but 
are typically asymptomatic. When they do become symptomatic, from blood loss, 
increased hemolysis, viral suppression of erythropoiesis or RBC sequestration, then an 
acute simple transfusion is warranted to alleviate cardiac and respiratory symptoms.

Aplastic crisis: Aplastic crisis is defined as a decrease in Hgb of 3g/dl or more with 
reticulocytopenia, usually resulting from parvovirus B19 infection. Infection results in 
erythropoiesis suppression for up to 10 days, which, in SCD patients, can lead to a 
marked anemia and a compensatory expanded plasma volume which can lead to heart 
failure. Simple transfusion is indicated for severe, symptomatic anemia.

Intrahepatic cholestasis: Intrahepatic cholestasis is a rare yet often fatal complica-
tion of SCD where massive sickling and stasis of RBCs in hepatic sinusoids leads to 
severe hepatocellular and Kupfer cell injury, resulting in a tender, enlarged liver; hemoly-
sis; coagulopathy; and elevated transaminase and bilirubin levels. Intrahepatic cholesta-
sis with bile plugs, dilated sinusoids, sickled RBCs, and Kupffer cell erythrophagocytosis 
can be demonstrated by liver biopsy. Treatment includes exchange transfusion.
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Preoperative: General anesthesia increases the risk of intravascular sickling and 
resulting morbidity and mortality in the perioperative period, which can be reduced 
by acute simple transfusions with a goal of increasing the hemoglobin to 10 g/dl 
(SCD patients with HbSC may require RBC exchange transfusions to prevent hyper-
viscosity). The perioperative treatment should also include hydration, adequate oxy-
genation, and respiratory therapy. In surgeries that do not require general anesthesia, 
transfusion is not recommended.

Indications for Chronic transfusions:

chronic renal failure: Patients with renal failure develop anemia secondary to loss 
of erythropoietin production. These patients may benefit from chronic simple trans-
fusion to prevent symptomatic anemia.

complicated Pregnancy: Patients who have had previous perinatal fetal mortal-
ity, or develop complications of pregnancy such as pre-eclampsia/eclampsia, acute 
renal failure or acute chest syndrome, may require chronic transfusion therapy. The  
preferred method of transfusion is determined by the Hgb; if the Hgb is less than 
5 g/dl, then a simple transfusion is recommended; if it is 8–10 g/dl, then an exchange 
transfusion is recommended with a target Hgb of 10 g/dl and Hgb S level reduced to 
near 30%.

Prevention of Stroke: It is estimated that without therapeutic intervention, up to 70% 
of patients who experience an initial cerebrovascular accident will have a recurrent stroke 
within 2–3 years. The Stroke Prevention Trial in Sickle Cell Anemia (STOP) compared 
chronic simple transfusion to transfusions when needed for acute episodes for the pre-
vention of stroke in SCD children with abnormal transcranial Doppler tests, demon-
strating a 90% reduction in stroke rate between the chronic transfusion group and the 
standard of care group. The recommendation is for SCD children at high risk for stroke, 
as determined by transcranial Doppler, to be given a simple or RBC exchange transfusion 
every 3–4 weeks to maintain the Hgb S level 30% and hematocrit 30%. Some reports 
suggest that the Hgb S level can be raised to less than 50% after 3 years of stability. A sub-
sequent study to examine the duration of chronic transfusion (STOP II) demonstrated 
that once chronic transfusion was discontinued, the high risk of stroke returned or the 
children had a stroke. Therefore, it is currently recommended that chronic transfusions 
be maintained indefinitely to prevent stroke in this patient population.

Controversial Indications for transfusion:

frequent Pain episodes: Patients who develop frequent severe pain episodes may 
benefit from chronic transfusion therapy.

Priapism: The initial treatment for priapism is hydration and pain control. If symp-
toms persist, then simple or exchange transfusion may be indicated. SCD patients 
who undergo exchange transfusion can develop an unusual syndrome known as 
ASPeN, the eponym for Association between Sickle cell disease, Priapism, Exchange 
transfusion and Neurologic events (headaches, seizures, obtundation). Because of the 
variable response to exchange transfusion and the risk of ASPeN, priapism is usually 
treated without transfusion until it persists for more than 24–48 hours.
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Prevention of Pulmonary hypertension/cor Pulmonale: Pulmonary hyperten-
sion has recently been shown to be a common cause of mortality in SCD patients. 
One study demonstrated that 32% of adult patients had pulmonary hypertension 
(defined as a tricuspid regurgitant jet velocity higher than 2.5 m/s on echocardiogram) 
and 9% had severe pulmonary hypertension (defined as a tricuspid regurgitant jet 
velocity higher than 3 m/s). Potential treatments for severe pulmonary hypertension 
are chronic exchange transfusion or inhaled nitrous oxide; ongoing studies are evalu-
ating long-term effects of chronic transfusion therapy on pulmonary hypertension.

recurrent Acute chest Syndrome: Multiple episodes of acute chest syndrome may 
lead to the development of restrictive lung disease, severe pulmonary fibrosis, pulmo-
nary hypertension, or cor pulmonale. It is unknown whether chronic transfusion pre-
vents the development of these complications, but it may decrease the frequency of 
acute chest syndrome.

Not Indicated for transfusion:

Acute Pain crisis: The main treatment of acute pain crisis is hydration and pain 
medication; transfusion is generally not recommended in the treatment of acute pain 
crisis.

Leg ulcer: Leg ulcers in SCD patients are not a common indication for transfusion.

uncomplicated Pregnancy: Uncomplicated pregnancy is SCD patients is not an 
indication for transfusion.

RBC Product selection:

Phenotype: All SCD patients should have extended RBC antigen phenotyping (ABO, 
Rh, Kell, Kidd, Duffy, Lewis and MNS systems) performed prior to the initiation of 
transfusion therapy in order to provide partially phenotype blood products (see 
below) and better manage alloimmunization in the future (i.e. have an extended phe-
notype performed for future use).

Provision of Phenotype matched rBc Products: Providing partially phenotypi-
cally matched RBC products (ABO, C, c, D, e, e, K, and k) for the treatment of SCD 
patients has been advocated to minimize the likelihood of RBC alloimmunization. 
Patients who form RBC alloantibodies on this protocol should receive blood with more 
extensive phenotyping, adding, in addition to the above antigens, Fya and Jkb and the 
corresponding antigen for which they made an antibody. The disadvantages of pheno-
type matching of RBC products include increased cost, inventory management, and 
the inability to procure the desired product at the time of transfusion. In cases of emer-
gency, phenotypic matching may not be possible.

Leukoreduced Products: In order to prevent HLA immunization and febrile non-
hemolytic transfusion reactions, the use of leukoreduced products is warranted.

hgb S negative: Sickle cell trait (Hgb SA) RBC products are reported to be safe in 
SCD patients, but should be avoided if possible when the goal is to decrease Hgb S 
levels.
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adverse effects:

Autoantibody formation: Autoantibody formation has been reported in 8% of 
transfused SCD patients and in 29% of SCD patients with alloantibodies. These autoan-
tibodies can result in clinically significant hemolysis. The pathogenesis of autoantibody 
formation, especially in the presence of alloantibody formation, is unknown; theories 
include alloantibodies possibly causing a conformation change in RBC antigens leading 
to stimulation of autoantibodies, immune system changes, and genetic predisposition.

Alloantibody formation: Antigenic differences between the transfused RBCs, 
which are largely obtained from white donors and transfused to AA recipients, is one 
factor which leads to the increased RBC alloimmunization to RBC antigens observed 
in transfused SCD patients. Without the implementation of extended phenotypic 
matching in SCD patients, studies have reported alloimmunization rates in the range 
of 19–43% in transfused patients with SCD. The most common antibodies found are 
against K, e, C and Jkb, which are related to the antigenic frequencies in donors versus 
SCD patients (K: 9 versus 2%, e: 35 versus 24%, C: 68 versus 28%, and Jkb 72 ver-
sus 39% are positive, white versus AA respectively). In addition to a high incidence of 
anti-erythrocyte alloantibody formation, the number of SCD patients that will make 
multiple alloantibodies (two to seven or more alloantibodies with separate and dif-
fering specificities) with repeated transfusions is high. These events make compat-
ible RBC products difficult to obtain, and also increase the risk of acute and delayed 
hemolytic transfusion reactions.

hyperhemolytic transfusion reactions: A serious complication of RBC trans-
fusion in SCD patients is a hyperhemolytic transfusion reaction (HHTR), in which 
both donor and recipient RBCs are destroyed and reticulocytopenia may occur. Some 
patients may have newly detected alloantibodies or autoantibodies, but others have no 
detectable antibodies to RBC antigens (i.e. negative antibody screen and direct agglu-
tination test). Possible mechanisms include bystandard hemolysis, erythropoiesis sup-
pression, and RBC destruction secondary to contact lysis via activated macrophages. 
Bystandard hemolysis is an immune-mediated hemolysis, where the RBC does not 
carry the antigen for which the antibody is directed.

Current recommendations include that future transfusions should be withheld, as 
they may exacerbate the anemia. Similar reactions may occur after subsequent trans-
fusion even if the RBCs are extensively phenotypically matched. Treatment of patients 
with HHTRs includes erythropoietin, intravenous immunoglobulin, steroids, and 
plasma exchange. This serious, life threatening reaction to transfusion has mostly been 
reported in SCD patients, but HHTRs have also been reported in patients with tha-
lassemia, myelofibrosis, and anemia of chronic disease.

Iron overload: Simple chronic transfusions will result in iron overload, because the 
body has no mechanism for excreting excess iron. Iron overload can be expected to 
occur when approximately 120 ml of RBCs/kg of body weight is transfused, or approx-
imately 50 RBC units transfused (see Chapter 65).

-Thalassemia: Thalassemia is a hereditary anemia resulting from mutations in 
the -globin gene (-thalassemia) or -globin gene (-thalassemia) that can lead to 
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defective Hgb synthesis and therefore a chronic anemia. The disease is clinically heter-
ogeneous due to genotypically different mutations or compound heterozygozity with 
other hemoglobinopathies, and to unknown individual patient factors. Patients with 
thalassemia may require lifelong RBC transfusions to ameliorate the chronic anemia 
and to suppress the extrameduallary hematopoiesis, which would otherwise lead to 
severe bone deformities.

Pathophysiology: The complications from thalassemia arise from ineffective eryth-
ropoiesis and RBC hemolysis, resulting in anemia and iron accumulation. The only 
definitive treatment is HPC transplantation.

Indications: Chronic RBC transfusion is required for patients with homozygous tha-
lassemia and in compound heterozygotes with -thalassemia major, while patients with  
-thalassemia intermedia, -thalassemia and Hgb e disease, and Hgb H disease (3/4 
mutated -globulin genes) may require periodic simple transfusions. The goals of 
transfusion therapy in thalassemia major patients are to increase oxygen-carrying 
capacity, prevent progressive hypersplenism, suppress erythropoiesis which prevents 
extramedullary hematopoiesis and the resulting pathology fractures from osteopenia, 
and reduce gastrointestinal absorption of iron. The indications for transfusion are 
growth retardation, failure to thrive, symptomatic anemia, and for prevention of pro-
gressive hypersplenism and of facial and skull deformities.

Management: Since these patients are transfused from birth, RBC phenotyp-
ing should be performed on the initial pretransfusion sample, or genotyping must 
be utilized to adequately predict the patients’ RBC antigen type. Simple transfu-
sion of leukoreduced RBCs can be used to maintain a Hgb level greater than 9.5 g/dl. 
erythrocytapheresis has also been used to treat patients with thalassemia, decreasing the 
transfusion requirement and iron overload while increasing the transfusion intervals.

adverse effects:

Alloantibody formation: RBC alloimmunization occurs at a rate of 5–33%, 
depending on the homogeneity of the population. Alloimmunization rates were 
lowered by phenotype matching for Rh and Kell from 33 to 2.8% at the Children’s 
Hospital Oakland, and 23.5 to 3.7% at the Aghia Sophia Children’s Hospital. In addi-
tion, the treatment of these patients can be complicated by the presence of RBC 
autoantibodies.

Iron overload: See section above, and Chapter 65.
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patients who undergo either solid-organ or hematopoietic progenitor cell (HpC) 
transplantation typically require transfusion of blood and specialized blood products. 
Blood product selection needs to take into account the ABO type of both the patient 
and the recipient, and the special risks of transfusion in these patients (e.g. increased 
risk of transfusion associated graft versus host disease [TA-GVHD] in HpC recipients).

Transfusion of patients undergoing HpC Transplantation:

Description: A number of factors must be taken into consideration when ordering 
blood products for the HpC transplant recipient. These factors include type of trans-
plant and expected time to engraftment, presence of ABO mismatch between donor 
and recipient, transfusion triggers for red blood cell (RBC) and platelet transfusions, 
platelet refractoriness, utility of granulocyte transfusion, and potential transfusion-
related complications (including risk of viral transmission and TA-GVHD).

HPC source and recipient Conditioning: Bone marrow, peripheral blood stem 
cells (pBsC), and umbilical cord blood are all potential sources of hematopoietic stem 
cells. patients receiving pBsCs tend to have more rapid engraftment and therefore 
decreased transfusion requirements as compared to patients receiving bone marrow; 
adults receiving umbilical cord blood transplants tend to have the slowest hematologic 
recovery rates and thus the highest transfusion needs. Rates of engraftment have been 
attributed to CD34 cell dose (CD34 cell count/kg), which is typically highest in 
pBsCs and lowest in cord blood units. Transfusion requirements of HpC transplant 
recipients also vary depending on the preparative conditioning regimen. Recipients of 
non-myeloablative transplants have decreased transfusion requirements as compared 
to recipients of fully myeloablative transplants.

Red blood cell transfusion and product selection: Transfusion triggers for 
RBCs vary from institution to institution, with little evidence-based guidance. The 
majority of HpC patients are transfused at a threshold Hct of 24–30%. However, 
clinical status must be taken into consideration to determine individual transfusion 
thresholds.

Leukoreduction: Leukocyte reduction of RBCs and platelets has been proven to 
decrease febrile non-hemolytic transfusion reactions, CMV transmission, and HLA 
alloimmunization that may lead to patients becoming refractory to future platelet 
transfusions. Other as yet unproven considerations for leukocyte reduction include 
decreased risks of immunomodulation, as well as infections with emerging pathogens. 
For these reasons, HpC transplant recipients should receive leukoreduced products.
269
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CMV-safe Products: HpC transplant recipients are susceptible to multiple viruses, 
including cytomegalovirus (CMV). Due to their immunocompromised status, pri-
mary CMV infection can lead to pneumonitis, gastroenteritis, hepatitis, encephalitis, 
and retinitis. If donor and recipient are both CMV negative, consideration should be 
given to providing blood from CMV-negative donors. This can be logistically diffi-
cult for the blood bank, given the paucity of CMV-negative donors. Additionally, due 
to the pre-seroconversion “window period,” the risk of acquiring CMV from CMV-
seronegative donors is not zero. Leukoreduced products are also considered “CMV 
safe,” although the risk of CMV transmission may be slightly higher than that from 
CMV-seronegative products (see Chapter 38).

Irradiation: TA-GVHD occurs when immunocompetent lymphocytes in a trans-
fused cellular blood component (i.e. RBC, platelet or granulocyte product) prolifer-
ate in the transfusion recipient. proliferating donor lymphocytes invade bone marrow, 
skin, liver and intestines, leading to symptoms often within 10 days of transfusion. 
unlike classical GVHD, TA-GVHD is nearly uniformly fatal due to bone marrow 
involvement producing pancytopenia. All HpC transplant recipients are considered 
at-risk for TA-GVHD, and as such should receive irradiated cellular blood products. 
Blood products must receive a minimum irradiation dose of 25 Gy to the center of the 
container to prevent TA-GVHD.

ABO/D Compatibility: Nearly half of all allogeneic HpC transplants are ABO mis-
matched, requiring careful selection of compatible blood components. Chapter 76 
discusses more fully the transfusion considerations for major, minor and bidirectional 
incompatible HpCs. Table 46.1 includes recommendations for blood product selec-
tion in instances of ABO-mismatched HpC transplants.

platelet transfusion: In the peritransplant pre-engraftment phase, the major-
ity of platelet transfusions are administered to non-bleeding patients. The platelet 
count that triggers a transfusion varies by country and institution, with the majority 
of patients being transfused prophylactically when the platelet count decreases below 
10,000–20,000/L. Few large studies have examined platelet transfusion triggers spe-
cifically in the setting of HpC transplantation; clinical status and other bleeding risk 
factors must be taken into consideration on an individual basis. platelet refractoriness 
can complicate the use of transfusion triggers (see Chapter 49).

Platelet Product selection: platelet selection is in alignment with RBC selection  
as stated above, such that all platelet products are leukoreduced, irradiated, and  
CMV safe.

ABO/D Compatibility: Careful selection of platelet products is required, based on 
recipient and donor blood types. An increased risk of mortality has been associated 
with the transfusion of ABO-incompatible plasma (which is contained in the platelet 
product), and therefore some authorities recommend that platelet products should be 
serologically compatible with both donor and recipient ABO type (Table 46.1), or vol-
ume reduced/washed to remove the incompatible plasma.

should transfusion of D-positive platelets to D-negative individuals be necessary in 
instances of blood shortages, RhIg should be considered to prevent alloimmunization. 
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However, the degree of immunosuppression in these patients may limit the ability of 
the transplant recipient to form anti-D antibodies.

plasma transfusion: Careful selection of plasma products is required, based on 
recipient and donor ABO blood types. An increased risk of mortality has been associ-
ated with the transfusion of ABO-incompatible plasma, and therefore plasma prod-
ucts should be serologically compatible with both donor and recipient ABO types 
(Table 46.1).

Granulocyte transfusion: Granulocyte transfusions are rarely administered in 
children, and even less frequently in adults. Granulocytes have a shelf-life of 24 hours; 
transfusion within 12 hours is suggested for optimal function. Dedicated granulocyte 

Table 46.1 Transfusion support for patients undergoing abO-mismatched 
allogeneic HpC Transplantation

pHAsE I pHAsE II pHAsE III

Recipient Donor
All  
components Rbcs

First choice 
platelets

Next choice 
platelets* plasma

All  
components

O a Recipient O a ab; b; O a, ab Donor

O b Recipient O b ab; a; O b, ab Donor

O ab Recipient O ab a; b; O ab Donor

a O Recipient O a ab; b; O a, ab Donor

a b Recipient O ab b; a; O ab Donor

a ab Recipient a ab a; b; O ab Donor

b O Recipient O b ab; a; O b, ab Donor

b a Recipient O ab a; b; O ab Donor

b ab Recipient b ab b; a; O ab Donor

ab O Recipient O ab a; b; O ab Donor

ab a Recipient a ab a; b; O ab Donor

ab b Recipient b ab b; a; O ab Donor

Explanation:

phase I – from the time when the patient/recipient is prepared for bone marrow transplant/hematopoietic stem  
 cell transplantation

phase II – from the initiation of chemotherapy until:

  for RBCs, DAT is negative and anti-donor ischemagglutinin is no longer detectable (i.e. the back typing is  
donor type)

  for platelets and plasma, recipient’s erythrocytes are no longer detectable (i.e. the front typing is consistent with the 
donor’s ABO type)

phase III – after the front and back type of the patient is consistent with the donor’s ABO type.

Beginning from phase I, all cellular components should be irradiated and leukoreduced.

Modified and adapted from RC Friedberg, university of Alabama, and JD Roback (ed.) (2008) Technical Manual, 16th  
 edition, Bethesda, MD: AABB, with permission.

*platelets should be selected in the order presented. Volume-reduction or washing may be considered if first choice 
platelets are not available.
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donors are primed with steroids and/or G-CsF. Indications for granulocytes typically 
include an absolute neutrophil count (ANC) below 500/l, bacterial or fungal infec-
tion non-responsive to antibiotic therapy, myeloid hypoplasia, and a chance for recov-
ery of marrow function and survival (see Chapter 32).

Granulocyte Product selection: Granulocytes should not be transfused through 
a leukoreduction filter. Therefore, CMV-negative recipients should receive CMV-
negative granulocyte transfusions when possible. All granulocyte products transfused 
to HpC recipients must be irradiated. Due to the large number of contaminating 
RBCs, granulocytes must be ABO/D compatible and crossmatch compatible with the 
recipient.

Transfusion of patients undergoing solid-organ Transplantation:

Description: The transfusion of patients undergoing solid-organ transplantation 
should take into consideration the blood type of both the patient and the donor. solid-
organ transplant recipients are at increased risk for viral transmission, especially CMV. 
In addition, HLA alloimmunization affects the ability to obtain a compatible organ, 
and increases the risk of antibody-mediated rejection. For these reasons, solid-organ 
transplant recipients (or potential recipients) should receive leukoreduced products.

Liver and heart transplantation may require significant amounts of blood prod-
ucts. End-stage liver disease is associated with coagulopathy and thrombocytopenia. 
Therefore, liver transplantation will often require platelet, plasma, and cryoprecipi-
tate transfusions in addition to RBC products. Heart transplantation is performed 
using cardiopulmonary bypass, which often leads to transfusion of RBC, platelet, and 
plasma products. Other solid-organ transplantation surgeries do not require signifi-
cant blood product support (e.g. kidney transplantation uses 0–2 RBC products on 
average).

AbO-incompatible transplantation: Historically, due to the expression of ABO 
antigens on endothelial cells, ABO-incompatible solid-organ transplantation survival 
rates have been lower than for those that are ABO compatible. However, given the  
shortage of ABO-compatible organs, a number of strategies have been utilized to 
improve the survival of ABO-incompatible solid-organ transplants. These strategies 
include the selection of recipients with low titers of relevant isohemagglutinins (anti-
A and/or anti-B), the utilization of A2 donors with lower levels of antigen expression 
than A1 donors, plasma exchange to lower titers of isohemagglutinins in the peritrans-
plant period, potent immunosuppression, and splenectomy. Even with these strate-
gies, ABO-incompatible solid-organ transplants are reserved for patients without an 
ABO-compatible organ, in whom death is imminent without a transplant.

Rbc product selection:

Leukoreduction: Transplant recipients should receive leukoreduced blood products 
to decrease HLA alloimmunization as well as CMV and other viral transmission rates. 
Of note, while contaminating WBCs in RBC transfusions were shown in the 1970s 
to improve the survival of renal allografts, this practice of intentional WBC exposure 
has largely been abandoned with the advancement of modern immunosuppressive  
regimens (see Chapter 64).
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CMV-safe Products: CMV-safe products should be provided to solid-organ trans-
plant recipients if both the donor and recipient are CMV-negative (see Chapter 38).

Irradiation: The provision of irradiated blood products for solid-organ transplant 
recipients varies from center to center. Although these patients are heavily immuno-
suppressed, there have been very few reported cases of TA-GVHD. Thus, some centers 
do not routinely provide irradiated products to solid-organ transplant recipients (see 
Chapter 62).

ABO Compatibility: The transfusion of ABO-identical RBC products may not 
always be possible for group B or AB patients. If the supply is limited, some centers 
switch group AB recipients to group A RBCs and group B recipients to group O RBCs. 
The residual plasma in the RBC products may result in the presence of passive anti-B 
and possibly a positive direct antiglobulin test (DAT) (and, rarely, acute hemolysis).

Transfusion support for recipients of ABO-mismatched organ transplants requires 
consideration of a number of factors, including the risk of immediate hemolysis if 
transfused RBCs are incompatible with the recipient’s existing antibodies, as well as 
the risk of delayed hemolysis (1–2 weeks after transplantation) due to passenger lym-
phocytes in the transplanted organ (termed passenger lymphocyte syndrome). Organs 
from O donors have the highest risk; lymphocytes contained in the graft are capable of 
making anti-A/anti-B for up to a month following the transplant, which may lead to a 
positive DAT, as well as hemolysis, which is rarely severe. The passive antibodies may 
be missed on immediate spin crossmatch; more sensitive testing includes crossmatch 
using the antiglobulin phase or DAT. Because of the risk of passenger lymphocyte 
syndrome, especially with group O organs, some centers will transfuse group O RBC 
products early in the transplant period. The risk must be balanced with the supply 
of group O RBC products required to support the patient. Beyond this first month, 
transfusion of RBCs compatible with the recipient blood type is generally acceptable.

D Compatibility: The ability to supply adequate numbers of D-negative RBC  
products may be limited. If the center is unable to supply adequate D-negative 
products, one option for males as well as post-menopausal females is to start with  
D-negative RBCs, switch to D-positive RBCs in the middle of the liver transplantation 
procedure, and return to D-negative RBCs towards the end of the case. The risk of  
D sensitization in liver transplantation is likely lower than is seen in the general hospi-
tal population.

support in a Patient with rBC Alloantibodies: patients who have RBC alloanti-
bodies require dialogue with the transplantation team to determine the management 
of the patient. Many transplantation surgeries are performed at short notice, and there-
fore the transplantation team should communicate the timeframe of transplantation 
in order for the transfusion service and their blood supplier to plan appropriately. The 
transfusion service should determine the strength and identification of the antibod-
ies prior to surgery. Even with an adequate supply of antigen-negative RBC products, 
the patient may require substantially more than was planned for. This may necessi-
tate the use of antigen-untested RBC products. A similar option, as stated above, is to 
use antigen-negative products initially, then switch to antigen-untested products in the 
middle of the transplantation procedure and then return to antigen-negative products  
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at the end of the surgery. Repeat antibody screens may be performed during the sur-
gery to determine the continued presence of the antibody.

platelet product selection: Leukoreduction, CMV selection, and irradiation are 
performed as stated for RBC product selection.

ABO Compatibility: When possible, plasma that is ABO compatible with both the 
donor and recipient should be provided for solid-organ transplant recipients. Volume 
reduction or washing of the platelets may be considered for ABO-incompatible prod-
ucts. This is especially true for ABO-incompatible transplantations where there is a 
desire to minimize the anti-A/anti-B titer which is directed against the grafted organ.

D Compatibility: D-positive platelets may be administered to D-negative solid-
organ transplant recipients if D-negative products are not available. If they are being 
given in isolation (i.e. without D-positive RBCs also), then RhIg can be administered 
to prevent the patient from forming an anti-D. preventing anti-D formation should 
be considered in the pre-transplant period, as supporting a patient with an anti-D 
through a transplant requiring large amounts of RBC products (e.g. liver transplanta-
tion) can be challenging.

plasma product selection: plasma that is ABO compatible with both the recipi-
ent and donor type should be provided for solid-organ transplant recipients. This is 
especially true for ABO-incompatible transplantations where there is a desire to mini-
mize the anti-A/anti-B titer which is directed against the grafted organ.

There may not be an adequate supply of AB plasma, especially in liver transplanta-
tion cases. This requires careful planning and a dialogue with the transplantation team 
in order to determine the best course of action.
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C H A P T E R  47
Infection with human immunodeficiency virus (HIV), the virus that causes 
Acquired Immunodeficiency Syndrome (AIDS), is associated with multiple hema-
tologic abnormalities. These include lymphopenia (noted in 70% of AIDS patients), 
anemia (70% of AIDS patients), neutropenia (50% of AIDS patients) and thrombo-
cytopenia (40% of AIDS patients). Advanced stage AIDS is associated with pancyto-
penia. Ineffective hematopoiesis, infection, destruction of hematopoietic cells, and 
medications all contribute to hematologic abnormalities.

Pathophysiology:

Anemia in HIV-positive Patients: Anemia in HIV-positive patients is multifac-
torial, from malnutrition, medications, infection, malignancy and HIV itself. Vitamin 
B12 and/or folate deficiencies can occur from a combination of anorexia and malab-
sorption. Multiple medications can lead to anemia. Zidovudine (AZT) can lead to bone 
marrow suppression and anemia; other medications used in HIV-positive patients, 
including ganciclovir, trimethoprim-sulfamethoxazole, amphotericin B, primaquine, 
dapsone, and ribavirin can also contribute to anemia. Infections commonly implicated 
as causes of anemia in HIV-positive patients include parvovirus, EBV, CMV, mycobac-
teria, and fungi. Malignancies that contribute to anemia in the HIV-positive patient 
include non-Hodgkin’s lymphoma, other lymphomas, and Kaposi’s sarcoma. Although 
a positive DAT is not uncommon in these patients, clinical evidence of autoimmune 
hemolytic anemia is quite rare.

A complete work-up is warranted for HIV-positive patients with anemia; this 
includes a complete blood count, blood smear, reticulocyte count, vitamin B12, red 
blood cell (RBC) folate level, iron studies, and erythropoietin level. A work-up for 
infections (especially parvovirus, CMV, EBV, mycobacteria and fungi) as well as a 
bone marrow evaluation may be considered.

Treatment of anemia in HIV-positive patients includes treating the underlying  
HIV infection, treating vitamin B12/folate/iron deficiency if present, treating any  
secondary infection, supplementing with recombinant erythropoietin (if serum  
erythropoietin levels  500 IU/L), and eliminating contributing medications when 
clinically feasible. Transfusion of RBCs may be required in cases of severe sympto-
matic anemia.

Thrombocytopenia in the HIV-positive Patient: Primary HIV-associated 
thrombocytopenia (PHAT) is the most common cause of thrombocytopenia in the 
HIV-positive patient. PHAT is secondary to platelet autoantibody formation, which 
results in increased peripheral destruction, ineffective platelet production, and splenom-
egaly. Despite an increased thrombopoietin (TPO) concentration and increased TPO 
receptors, patients with PHAT are unable to maintain an appropriate platelet count.  
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It has been postulated that molecular mimicry between HIV proteins and platelet- 
specific glycoproteins may be involved in the pathogenesis of PHAT.

The primary treatment of PHAT includes antiretroviral medications. AZT has 
historically been the primary treatment for PHAT, although early studies show 
other antiretroviral medications are also effective. IVIG therapy (1000 mg/kg) leads 
to a predictable (though transient) rise in platelet count in the majority of patients 
with PHAT. Alternatively, anti-D immunoglobin (RhIg) can also lead to a transient 
rise in platelet count in D-positive individuals. RhIg should be used with caution in  
HIV-positive patients with underlying anemia due to the hemolysis that often occurs 
following this treatment. Other potential treatments for PHAT are similar to those for 
ITP, and include steroids, androgens, chemotherapy, and splenectomy.

Secondary causes of thrombocytopenia must also be considered in the HIV-positive  
patient. These include medication effects, underlying infection, and malignancy. 
Medications known to cause thrombocytopenia in HIV-positive patients include 
trimethoprim-sulfamethoxazole, ketoconazole, ganciclovir, acyclovir, pentamidine, 
rifampin, and interferon. Infections implicated in thrombocytopenia of the HIV-
positive patient include hepatitis B and C viruses (which may lead to hypersplen-
ism), CMV, EBV, toxoplasmosis, disseminated mycobacteria, and fungal infections. 
Malignancies leading to thrombocytopenia in the HIV-positive patient include non-
Hodgkin’s lymphoma, other lymphomas, and Kaposi’s sarcoma.

HIV-associated thrombotic microangiopathy (TMA) has also been reported to 
cause thrombocytopenia in patients with HIV, and should be considered in the differ-
ential diagnosis when patients present with microangiopathic hemolytic anemia and 
thrombocytopenia. HIV patients most at risk of HIV-associated TMA include those 
with more advanced disease. Transfusion of fresh frozen plasma may be just as effec-
tive as plasma exchange in HIV-associated TMA.

RBC Transfusion:

Indication: The indication for RBC transfusion is severe symptomatic anemia unre-
sponsive to (or too urgent to wait for) other treatments including vitamin B12/folate/
iron supplementation and/or erythropoietin.

RBC Product Selection: Standard blood bank approaches for RBC selection are 
acceptable.

Leukoreduction: Although leukoreduced blood products are recommended by 
most sources for HIV-positive patients, a randomized, double-blind trial (VATS [Viral 
Activation Transfusion Study]) comparing HIV activity, immune function, and sur-
vival in 531 HIV-positive, CMV-positive patients receiving leukoreduced versus non-
leukoreduced RBCs failed to find a difference in HIV or CMV viral load, CD4 counts 
or other infections (including HBV, HCV, HHV-8, HTLV-1 or HTLV-II) between the 
two groups.

Irradiation: Although HIV-positive patients are clearly immunocompromised, there 
has only been one reported case of transfusion associated graft versus host disease 
(TA-GVHD) in a child with HIV, which was transient and atypical. It has been postu-
lated that HIV infects donor T lymphocytes, thus making them incapable of initiating  
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TA-GVHD. Alternatively, recipient CD8 T lymphocytes, which are spared until late 
in the course of AIDS, may prevent the development of TA-GVHD. Many transfusion 
medicine physicians therefore do not consider irradiation of blood products as war-
ranted for HIV-positive individuals. However, given the nearly uniformly fatal progno-
sis of TA-GVHD, and the ease of irradiation, others opt to irradiate blood products for 
HIV- positive individuals to eliminate any potential TA-GVHD risk.

Platelet Transfusion:

Indication: Platelet transfusion is indicated for severe thrombocytopenia, with or 
without bleeding, unresponsive to other treatments.

Platelet Product Selection: Standard blood bank approaches for platelet selection 
are acceptable. If the patient demonstrates clinical refractoriness, then the appropriate 
work-up and transfusion of suitable platelet products are warranted (see Chapter 49).

Leukoreduction and Irradiation: See the above discussion concerning leukore-
duction and irradiation of RBC products.

Adverse Effects: Considerations for transfusion of the HIV-positive patient include 
the potential of transfusion-transmitted viruses and other infections, and the potential 
immunomodulatory role (if any) the transfusion itself may play in the progression of 
the HIV disease.

Transfusion-transmitted Diseases: The immunocompromised status of patients 
with HIV increases the risk for morbidity following primary viral infections, includ-
ing those that may be transfusion-transmitted. In addition to viruses that are prima-
rily found in plasma and for which screening has been uniformly implemented (e.g. 
HBV, HCV, WNV), there are other viruses of potential concern which are transmitted 
by white blood cells and that are rarely if ever screened for, such as cytomegalovirus 
(CMV), Epstein Barr virus (EBV), and human herpesvirus 8 (HHV-8).

CMV is a highly white blood cell-associated, DNA-containing herpes virus that can 
remain latent indefinitely following primary infection. Among the general population, 
60–80% are CMV positive, while approximately 90% of HIV-positive individuals have 
serological evidence of CMV exposure. CMV viremia is common in late-stage AIDS, 
with clinical manifestations including retinitis, esophagitis, pneumonitis, hepatitis, 
biliary disease, and neurological disease. Most CMV infection in HIV-positive indi-
viduals is due to reactivation of latent infection. However, for the 10% of HIV-positive 
patients that are CMV negative, avoiding primary CMV infection is desirable.

The association of CMV infection with blood transfusion is well known, with transfu-
sion-transmitted CMV reported in recipients of RBCs, platelet concentrates, and granu-
locytes. Frozen plasma products and cryoprecipitate, being largely acellular products, have 
not been reported to transmit CMV. Leukoreduction of RBC and platelet components 
significantly reduces the risk of transfusion-transmitted CMV by decreasing the number 
of monocytes capable of transmitting latent virus (granulocyte components cannot be 
leukoreduced). Transfusion of components from CMV-seronegative donors (“CMV neg-
ative”) also reduces the risks of CMV transmission. However, provision of CMV-negative 
products is often difficult owing to the low number of seronegative donors (Chapter 38).
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While it is unclear whether leukoreduced products or CMV-negative products 
have the lowest rates of transfusion-transmitted CMV, consideration may be given 
to providing CMV-negative blood to the 10% of HIV-positive patients that are CMV 
negative, if possible. At a minimum, provision of leukoreduced blood products is 
recommended by most sources for all HIV-positive patients. This not only decreases 
the risk of CMV transmission, but also decreases the potential risk for transmission 
of other strains of human herpesvirus (many of which establish latent infection in 
lymphocytes).

EBV and HHV-8, which plays a causative role in AIDS-related Kaposi Sarcoma, 
are present in leukocytes, and epidemiologic data support the possibility of transfu-
sion transmission. There are currently no EBV or HHV-8 serologic tests used in the 
blood banking industry. Leukoreduction decreases the theoretical risk of transfusion- 
transmitted EBV and HHV-8 to HIV-positive individuals.

Toxoplasmosis gondii can lead to encephalitis, pneumonitis and retinochoroiditis 
in HIV-positive patients. This agent has been proven to be transfusion-transmitted, 
but screening tests are not widely available. It is possible that leukoreduction of blood 
components may reduce the risk of transfusion-transmitted toxoplasmosis.
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C H A P T E R  48
A minority of patients refuse blood transfusion, usually based on religious beliefs 
(e.g. Jehovah’s Witnesses). A doctrine introduced in 1945 by Jehovah’s Witnesses 
teaches that the Bible prohibits the consumption, storage, and transfusion of human 
blood. The Watch Tower Bible and Tract Society has issued a number of doctrines 
since that time, citing that “blood is sacred to God,” “when a Christian abstains from 
blood, he or she is in effect expressing faith that only the shed blood of Jesus Christ can 
truly redeem him or her and save his or her life,” and “even in the case of an emergency, 
it is not permissible to sustain life with transfused blood.” These beliefs stem from the 
interpretation of Biblical scripture, particularly Genesis, Leviticus, Samuel, and Acts.

Although there is some division among Jehovah’s Witnesses regarding the Watch 
Tower doctrines, the majority observe the prohibition against transfusion of red blood 
cells (RBCs), white blood cells, platelets and plasma. Many Jehovah’s Witnesses carry 
Medical Directive cards, issued by the Watch Tower Society, stating that blood transfusions 
are unacceptable. The use of blood derivatives, however, is not specifically prohibited, but 
is “not promoted, in that they may carry on such a life-sustaining role in the body as to be 
objectionable to Christians.” In 2000, the Watch Tower encouraged members to person-
ally decide if accepting these component fractions would violate the doctrine on blood. 
Examples of such products include albumin, immunoglobulin (including RhIg), clotting 
factor concentrates prepared from blood, and interleukins (Figure 48.1). Recombinant 
proteins (such as clotting factors) are generally accepted by Jehovah’s Witnesses.

White cellsRed cells Platelets Plasma

Unacceptable

Personal decision

Oxygen therapeutics*

*Products in development

Interferons*
Interleukins*
*Recombinant
 products available

Platelet substitutes*
*Products in development

Immune globulins
Clotting factor concentrate*
Prothrombin complex
Cryoprecipitate†

Albumin‡

*Recombinant VIIa, VIII, IX available
†Prepared with 0.9% sodium chloride
injection (USP) diluent

‡Recombinant albumin in clinical trials

Whole blood

Figure 48.1 Blood components and fractions. Reproduced from ZM Bodnaruk, CH Wong, MJ Thomas (2004). 
Meeting the clinical challenge of care for Jehovah’s Witnesses. Transfus Med Rev 18, 105–116, with permission  
from Elsevier.
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While standard transfusions are unacceptable, there are some related procedures 
that are not prohibited but not promoted, including plasma exchange, dialysis, intra-
operative blood salvage, hemodilution, blood donation strictly for the purpose of 
further fractionation of components, and transfusion of autologous blood “as part 
of current therapy.” Transfusion of preoperatively donated autologous blood is, how-
ever, prohibited, due to the belief that blood should not be taken out of the body and 
stored. Neither blood substitutes nor recombinant erythropoietin are expressly pro-
hibited. Table 48.1 shows acceptable and unacceptable treatments, as well as those left 
to personal decisions by Witnesses.

From the physician perspective, the right of a competent adult to refuse consent for 
medical treatment is accepted, and documentation of refusal for transfusion should 
be placed in the medical record. Worst-case scenario discussions should be held, and 
documentation to this effect should also be included in the medical record. Some 
clinicians opt to have Witnesses sign the notes stating these discussions were held. 
Forcing a Jehovah’s Witness to receive a transfusion unwillingly can be viewed as bat-
tery. The Witness who accepts a transfusion can be disfellowshipped and spiritually 
cut off from a community of family and friends.

Specific Circumstances: Some specific circumstances require additional 
consideration:

Trauma: Situations of trauma are difficult, in that Medical Directive cards may not 
be immediately available. If there is any doubt in a clinician’s mind as to the wishes of 
the patient or what is legally appropriate, it is recommended that the clinician treat 
according to the accepted standards of care until legal documentation is available.

Pregnant Women and Children: The treatment of pregnant women and children 
deserves special attention. Given that minor children are not considered capable of 
informed consent, it is recommended that the clinician seek legal intervention in cases 
where the child is placed at risk by parental refusal for transfusion. The laws governing 
the locality in which the patient is treated determine whether a treating physician can 
emergently transfuse the child of a Jehovah’s Witness. Consultation with legal experts 
can help clarify these laws.

Blood Management: Conversations with the patient regarding treatment options 
should be held in private, to ensure confidentiality. If the Witness does not allow 
transfusion, the treating physician should attempt to find the optimal therapy within 
the boundaries of the patient’s religious beliefs. Such options include both blood con-
servation as well as the use of non-blood adjunctive therapies. Blood conservation 
can be achieved by reducing blood loss through decreased phlebotomy, intraoperative 
blood salvage, and/or acute normovolemic hemodilution. Potential adjunctive thera-
pies include iron, folate, vitamin B12, erythropoietin, antifibrinolytic drugs, alterna-
tive oxygen carriers, hyperbaric oxygen, and recombinant Factor VIIa. The potential 
complications of each of these treatments must be weighed carefully against their 
potential beneficial effects.

The Hospital Information Services department of the Watch Tower Society has 
established Hospital Liaison Committees. These committees consist of ministers that 
are available to support physicians, patients, and social workers, and can be reached 
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Table 48.1 Jehovah’s Witness Religious Position on Medical Therapy

A: Acceptable treatment

Most surgical and anesthesiological blood conservation measures (e.g. hemostatic surgical 
instruments, controlled hypotension regional anesthesia, minimally invasive surgery, meticulous 
surgical hemostasis)

Most diagnostic and therapeutic procedures (e.g. phlebotomy for laboratory testing, angiographic 
embolization)

Pharmocologic agents that do not contain blood components or fractions such as:

Drugs to enhance hemostasis (e.g. tranexamic acid, epsilon-aminocaproic acid, aprotinin, 
desmopressin, recombinant factor Vlla, conjugated estrogens)

Hematopoietic growth factors and hematinics (e.g. albumin-free erythropoietin, iron)

Recombinant products (e.g. albumin-free coagulation factors)

Synthetic oxygen therapeutics (e.g. perfluorochemicals)

Non-blood volume expanders (e.g. saline, lactated Ringer’s, hydroxyethyl starches)

B: Personal decision (acceptable to some, declined by others)

blood cell salvage* (intraoperative or postoperative autotransfusion)

acute normovolemic hemodilution*

Intraoperative autologous blood component sequestration* (including intraoperative 
plateletpheresis, preparation of fibrin gel, platelet gel, platelet-rich plasma)

Cardiopulmonary bypass†

apheresis†

Hemodialysis†

Plasma-derived fractions (e.g. immune globulins, vaccines, albumin, cryoprecipitate‡)

Hemostatic products containing blood fractions (e.g. coagulation factor concentrates, prothrombin 
complex concentrate, fibrin glue/sealant, hemostatic bandages containing plasma fractions, 
thrombin sealants)

Products containing plasma-derived blood fractions such as human serum albumin (e.g. some 
formulations of erythropoietin, streptokinase, G-CSF, vaccines, recombinant clotting factors, 
nuclear imaging products)

Products containing a blood cell-derived fraction

epidural blood patch

blood cell scintigraphy (e.g. radionuclide tagging for localization of bleeding)

Peripheral blood stem cell transplantation (autologous or allogeneic)

Other transplants (organ, marrow, bone)

C: unacceptable Treatment

Transfusion of allogeneic whole blood, red blood cells, white cells, platelets, or plasma

Preoperative autologous blood donation (PaD or predeposit)

*Patients might request that continuity is maintained with their vascular system.

†Circuits not primed with allogeneic blood.

‡Cryoprecipitate suspended in 0.9% sodium chloride injection (USP) diluent.

Reproduced from ZM Bodnaruk, CH Wong, MJ Thomas (2004). Meeting the clinical challenge of care for  
Jehovah’s Witnesses. Transfus Med Rev 18, 105–116, with permission from Elsevier.
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at 718-560-4300, his@jw.org. The Association of Jehovah’s Witnesses for Reform in 
Blood (AJWRB) is another resource for clinicians and patients (www.ajwrb.org), as 
are The Society for the Advancement of Blood Management (www.sabm.org) and the 
Network for Advancement of Transfusion Alternatives (www.nataonline.com).

Documentation of Consent or Non-consent: Most (if not all) institutions 
have policies and forms pertaining to consent to receive blood products. Few facilities, 
however, have policies and forms specific to the refusal of consent for blood and blood 
product administration. As above, refusal to provide consent should be included in 
the patient’s chart. A defined refusal to provide consent policy is recommended, as 
it allows documentation of the patient’s refusal, a description of the blood products 
refused, and potential consequences of this refusal.
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C H A P t E r  49
the management of patients who are refractory to platelet transfusions can be dif-
ficult, and requires clear communication between the blood bank and clinical team. 
Platelet refractoriness is defined as an inappropriately low platelet count increment, 
usually determined by the corrected count increment (CCI), following repeated platelet  
transfusions.

there are both non-immune and immune causes for platelet refractoriness (table 
49.1), and often the etiology of platelet refractoriness is multifactorial. the primary 
immune cause of platelet refractoriness is human leukocyte antigen (HLA) alloimmu-
nization, which is present in 30–40% of platelet-refractory patients.

Table 49.1 etiologies of platelet refractoriness

Non-immune causes Immune causes

Fever anti-Hla antibodies

Infection anti-Hpa antibodies

Splenomegaly Drug-induced antibodies

DIC plasma protein antibodies

Medications abO incompatibility

bleeding

HpC transplant

GVHD

VOD

Evaluation of the refractory patient includes determining the etiology of the under-
lying thrombocytopenia, reviewing the patient’s underlying illness and current medica-
tions, and ascertaining future platelet transfusion requirements and the sites and severity 
of active bleeding. the hospital transfusion service physician or a designee should com-
municate the evaluation steps for platelet-refractory patients to the ordering physician, 
including the need for a 1-hour post-transfusion platelet count, determination of HLA 
or human platelet antigen (HPA) antibodies, and the timeframe for product availability.

Non-immune refractoriness: Non-immune causes of platelet refractoriness 
include fever, infection, splenomegaly, disseminated intravascular coagulopathy (DIC), 
medications, bleeding, hematopoietic progenitor cell (HPC) transplant, graft-versus-
host disease (GVHD) and veno-occlusive disease (VOD). Medications most commonly 
implicated in platelet refractoriness include amphotericin, heparin and vancomycin; 
other drugs implicated include antithymocyte globulin, granulocyte-macrophage 
283
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colony-stimulating factor, granulocyte colony-stimulating factor, and interferons. 
Splenomegaly reduces both the post-transfusion platelet count increment and the time 
to next transfusion in comparison to individuals with normal spleens. the difference 
is even greater in comparison with splenectomized individuals. In addition, platelets 
stored longer than 48 hours have decreased viability following transfusion, though this 
does not typically affect the CCI.

Immune refractoriness: the most common immune cause of platelet refractori-
ness is antibodies directed against HLA class I antibodies. these antibodies typically 
form after exposure to the corresponding HLA class I antigens on either platelets or 
contaminating white blood cells in transfused blood components, or from exposure 
during pregnancy. the trAP (trial to reduce Alloimmunization to Platelets) study 
showed the benefits of leukoreduced products in decreasing HLA class I alloimmuni-
zation: a 17% HLA class 1 alloimmunization rate was seen in the leukoreduced study 
arm, whereas a 45% alloimmunization rate was seen in the non-leukoreduced arm. 
Inactivation of leukocytes by UVB irradiation also decreased alloimmunization (from 
45 to 21%) in that trial, though this treatment modality is not typically available.

Less commonly, platelet refractoriness occurs as a result of antibodies against 
human platelet antigens. Most studies report the HPA alloimmunization rate to be 
between 2 and 10% in multiply transfused patients. HPA alloimmunization occurs 
primarily to HPA-1b and HPA-5b antigens. Patients with Bernard-Soulier syndrome 
and Glanzmann thrombasthenia may become broadly immunized to the platelet glyc-
oproteins GPIb/IX/V and GPIIb/IIIa, respectively. Of note, the HPA alloimmuniza-
tion rate in the trAP trial (8%) was unchanged by leukoreduction.

Drug-induced antibodies, antibodies to plasma proteins, and ABO-incompatible 
transfusions can also lead to antibody-mediated platelet refractoriness. In general, a 
20% decrease in platelet recovery is seen following transfusion with ABO-incompatible  
units.

An initial step to address cases of platelet refractoriness, while collecting CCI data 
and other test information (see below), is to determine whether transfusion of ABO-
matched platelets of less than 48 hours’ storage improves the post-transfusion platelet 
increment.

Calculation of refractoriness: the precise definition of platelet refractori-
ness varies, but one widely accepted definition (as applied in the trAP trial) is two 
1-hour CCI values on consecutive days of less than 5000. Others view a CCI less than 
7500 measured 10–60 minutes after a transfusion, and less than 4500 measured 18–24 
hours after a transfusion, as refractory. the CCI is calculated by the formula:

CCI
Body surface area (m ) Platelet count increment (PLT/m


2 LL) 

Number of platelets transfused

1011

the BSA can be estimated by the formula:

BSA (m ) height (cm) weight (kg)2   0 00718 0 725 0 425. . .



Platelet�transfusion�Refractory�Patients� 285
Testing: Once a patient is deemed platelet refractory, a variety of tests are available 
to guide therapy. two types of assays are generally most useful:

HLA Antibody detection: testing for HLA antibodies can be performed by lym-
phocytotoxicity testing (known as panel-reactive antibody [PrA]), in which serum is 
reacted with a panel of HLA-typed lymphocytes. HLA antibodies can also be detected 
by ELISA (enzyme-linked immunosorbent assay) or flow cytometry. If anti-HLA anti-
bodies are identified, selection of patient-specific platelet components by HLA anti-
gen based methods can produce improved posttransfusion platelet increments. If this 
approach is followed, the patient should be typed for HLA-A and HLA-B antigens. 
this can be performed by serologic or DNA methods. Crossmatched platelets may 
also be effective in these patients (see below).

HPA Antibody detection: testing for HPA antibodies should also be consid-
ered in platelet-refractory patients. Multiple platforms for testing are available, 
including ELISA, the indirect platelet immunofluorescence test, and solid phase 
red cell agglutination. refractory patients with anti-HPA antibodies can be treated 
with crossmatched platelets.

Treatment of the alloimmunized patient: there are two main meth-
ods for selecting matched platelets: 1) HLA antigen based selection, and 2) Platelet 
crossmatching.

It is recommended that all platelets selected on the basis of HLA or crossmatching 
results be irradiated to prevent transfusion-associated graft-versus-host disease.

HLA Antigen based selection: With this strategy, products are selected based on 
the absence or compatibility of donor HLA-A and HLA-B antigens that correspond to 
recipient antibodies. Many of the original methods of treating refractory patients were 
based on selecting platelets with similar HLA phenotypes to the patient (HLA match-
ing). Depending on the patient’s phenotype, however, there may be difficulty finding 
an antigen-matched product. HLA-based matches are graded from A to D, based on 
the degree of matching (table 49.2). Certain antigen mismatches are known to fare 

Table 49.2 Grading of Hla Matching

Grade description

a Hla identical

bU 3/3 detected antigens identical; 1 antigen not identified

b2U 2/2 detected antigens identical; 2 antigens not identified

bX 3/4 detected antigens identical; 1/4 cross-reactive

bUX 2/3 detected antigens identical; 1/3 cross-reactive; 1 antigen not 
identified

b2X 2/4 detected antigens identical; 2/4 cross-reactive

C 1 antigen mismatch, out of cross-reactive group

D  2 antigen mismatches



286� Jeanne�E.�Hendrickson,�MD�and�John�D.�Roback,�MD,�PhD
poorly; HLAMatchmaker software (http://tpis.upmc.edu/tpis/HLAMatchmaker/) 
can help predict HLA compatibility. HLA-matched transfusions have a 20–50% 
failure rate. As an alternative method, if the HLA antibody specificity can be deter-
mined, platelet products that do not express the corresponding HLA antigen(s) can 
be transfused. this approach, called “antibody specificity prediction,” provides a larger 
number of potentially compatible products than the HLA-matching approach, and is 
as effective as HLA matching or crossmatching.

Platelet crossmatching: Crossmatching can be done by solid-phase red cell 
adherence (SPrCA) assay. In this assay, the serum from the alloimmunized patient is 
mixed with the apheresis platelet sample. Crossmatching can detect compatible plate-
lets without requiring knowledge of HLA or HPA type or antibody identification. It 
can be used for detecting compatible products in a recipient with HLA and/or HPA 
antibodies. Note, however, that a large number of products may need to be cross-
matched to locate compatible products for broadly alloimmunized patients.

sibling donors: Platelet products from siblings may be beneficial. However,  
siblings should not be used if there is a possibility the sibling is, or potentially will be, 
an HPC donor for transplantation.

Bleeding, platelet-refractory patient: transfusion of large numbers of plate-
lets is often attempted in bleeding, platelet-refractory patients, but is usually without 
benefit. Alternative potential therapies include IVIG, plasma exchange, rituximab, 
splenectomy, corticosteroids, other immunosuppressive medications, antifibrinolytic 
agents, and recombinant Factor VIIa. With the exception of IVIG and antifibrinolytic 
agents, these therapies have generally not proven beneficial.

prevention: Leukoreduction of transfused blood components decreases alloimmu-
nization to HLA class I antigens. this is hypothesized to occur because HLA antigens 
on transfused leukocytes initiate a primary immune response that leads to the produc-
tion of donor-specific anti-HLA antibodies. Some centers advocate prospective HLA 
antibody screening for all patients with a history of prior transfusions or pregnancies 
requiring ongoing platelet support.
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C H A P t E R  50
Massive transfusion is commonly defined as transfusion of 10 or more red blood 
cell (RBC) products within 24 hours, which approximates the total blood volume of an 
adult recipient; other definitions exist and are quite valuable, including RBC replace-
ment of 50% of total blood volume within 3 hours, or blood loss exceeding 150 ml/
min. Massive transfusion can occur in a variety of clinical settings, including cardiovas-
cular, spinal and liver surgery; trauma; gastrointestinal bleeds; and obstetrics. Massive 
transfusion protocols (MtPs) are currently changing in the US and worldwide due 
to recent data showing that earlier and more aggressive transfusion intervention and 
resuscitation with blood components that approximate recapitulated whole blood sig-
nificantly decrease mortality. In this context, MtPs are a key element of “damage con-
trol resuscitation.”

Clinical significance: the physiologic response to blood loss is to preferentially 
maintain tissue oxygenation to the brain and heart by shunting blood from other 
organs, shifting fluid from intracellular to extracellular space and from interstitial 
to intravascular space, and conserving water and electrolytes. Loss of up to 10% of 
blood volume results in few symptoms; loss of up to 20% does not usually cause signs 
or symptoms when the patient is at rest, but will result in tachycardia with exercise; 
and loss of up to 30% results in hypotension and tachycardia, especially with exercise. 
Once blood loss exceeds 30%, serious signs and symptoms of cardiovascular compro-
mise occur, including tachycardia with weak pulse, hyperpnea, hypotension, decreased 
central venous pressure and cardiac output, and cold clammy skin. At approximately 
50% blood loss, severe shock and death occur.

In the severely injured trauma patient, uncontrolled hemorrhage with more than 
50% blood loss is one of the most common causes of mortality. Over the past three dec-
ades, hemorrhage has remained the ultimate cause of mortality in approximately 30% 
of trauma fatalities, second only to traumatic brain injury. Indeed, in a recent large ret-
rospective review, mortality of patients requiring more than 50 RBC products was 57%.

Severe hemorrhage accompanying obstetric complications, including placenta pre-
via, uterine atony or rupture, and disseminated intravascular coagulopathy (DIC), 
can lead to hysterectomy and loss of future reproductive capacity, and/or loss of the 
mother, child, or both. Except in trauma and some obstetrical circumstances, massive 
transfusion for cardiac and liver transplantation, and other circumstances as men-
tioned above, follows the general considerations below; however, few clinical trials 
exist to guide therapy in these and more stratified situations.

Resuscitation approaches: Maintenance of adequate blood flow and blood pres-
sure by infusing a sufficient volume of crystalloid (defined as a substance that can 
pass through a semipermeable membrane) such as normal saline or lactated Ringer’s 
287
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Figure 50.1 Percentage mortality associated with low, medium and high plasma-to-RBC ratios 
transfused at admission. Ratios are median ratios per group and include units of fresh whole blood counted 
both as plasma and as RBCs. From Borgman MA, Spinella PC, Perkins JG, et al. (2007). the ratio of blood 
products transfused affects morality in patients receiving massive transfusions at a combat support hospital. 
J Trauma 62, 805–813.
solution, colloid (defined as a substance that cannot pass through a semipermeable 
membrane) such as albumin, and/or blood products is paramount to maintaining tis-
sue oxygenation and helping to ensure survival. RBC transfusion is critical to ensure 
maximal or near maximal arterial oxygen content and thus oxygen delivery to tissues, 
which is dependent on cardiac output and both the RBC mass and hemoglobin. the 
ability of transfused RBCs to release oxygen optimally is dependent at least in part on 
the metabolic status of the patient and the length of storage of the RBC product.

Crystalloid versus Colloid replacement: Crystalloids distribute quickly into 
total body water and can cause peripheral and pulmonary edema, but are less expen-
sive than colloid solutions. Colloid solutions primarily remain (at least initially)  
intravascular, but are more expensive and can cause allergic reactions. Practice 
has changed to earlier use of colloids (especially plasma) and RBC transfusion 
while simultaneously decreasing the amount of crystalloids administered due to 
increasing evidence that large-volume crystalloid administration is associated with 
abdominal compartment syndrome as well as cardiac, pulmonary, gastrointestinal, 
coagulation, as well as other complications. In addition, the current goal of volume 
resuscitation is euvolemia and to avoid supra-normal resusciation. Euvolemia entails 
moderate volume resuscitation with the possible use of vasopressor agents to support 
hemodynamics.

rBC transfusion: When blood loss is excessive and there is not adequate time for 
pretransfusion testing, group O RBC and AB plasma products should be issued until 
the recipient’s blood type is known. Each institution should have well-developed poli-
cies for:

l emergency release, issuance and delivery of blood products;
l switching blood types (e.g. when to give D-positive RBC products to a D-negative  

individual;
l issuing antigen positive or antigen untested in a patient with the corresponding 

alloantibody; and
l issuing ABO incompatible plasma (e.g. an AB patient requiring large amounts of 

plasma).
Women of child-bearing potential should receive D-negative RBCs, and an inventory 

of type O, Rh-negative products should be kept for these individuals. As described in 
detail in Chapter 28, these products are important to prevent formation of alloanti-D,  
which can lead to future hemolytic disease of the fetus and newborn. Men and older 
women may receive D-positive RBCs if D-negative RBC products are not available 
or if the inventory is low and there is a need to reserve these products for women of 
child-bearing potential.

A patient sample for blood typing and antibody screen should be obtained as soon 
as possible after patient arrival to ensure that the patient receives type-specific prod-
ucts when available, thus preserving the often limited group O RBC and AB plasma 
supply in the facility. transfusion of type-specific products also avoids obfuscation of 
the patient’s true blood type due to the infusion of large amounts of group O RBCs 
and AB plasma. In addition, patients who receive large amounts of “out of group” 
components may be receiving ABO-incompatible plasma (such as a group A patient 
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receiving group O RBCs), which can result in a positive direct antiglobulin test and/or 
hemolysis.

Component therapy Based approaches: In the recent past, resuscitation and 
transfusion protocols would start with significant crystalloid or non-plasma (albu-
min) colloid infusion and many RBC products. this was followed by a component 
therapy type approach to guide blood product choices, volumes and timing. A compo-
nent therapy type approach uses clinical findings and laboratory results, and requires 
that laboratory tests are both timely and reflective enough of the coagulation system 
to aid in guiding therapy, which is often not the case. An example of using component 
therapy is to have transfusion thresholds based on laboratory values, such as: hemo-
globin  8 g/dl, prothrombin time  1.5 times normal, platelet count  50,000/l, 
and fibrinogen  100 g/dl. Using this type of approach, there typically was and still is 
no set administration ratio of RBC products to plasma, platelets and cryoprecipitate.

Mortality rates using component therapy type strategies were unacceptably high, and 
the value of earlier and more aggressive blood product administration was considered. 
thus MtPs were designed which attempted to “recapitulate” or “reconstitute” whole 
blood (“recapitulated” whole blood means matching the RBC, plasma, platelets and 
cryoprecipitate ratio of whole blood, while “reconstituted” whole blood refers to premix-
ing components to reassemble whole blood into a single product), or to use fresh whole 
blood. Early reports in the military setting showed significant reduction in mortality (65% 
reduced to 20%; see Figure 50.1), with an optimal plasma to RBC product ratio of 1.4.
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Massive transfusion protocols: MtPs define the following: 1. notification of 
the transfusion service and laboratory, 2. laboratory testing algorithms (e.g. Pt, Ptt, 
platelet count, fibrinogen and hemoglobin), 3. blood product preparation (amount of 
plasma, RBCs, platelets and cryoprecipitate to prepare and issue at set time intervals), 
and 4. other patient care needs (e.g. blood warmers).
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MtPs are designed to ensure optimal transfusion therapy to prevent and treat the 
multifactorial coagulopathy which can occur early after injury. Indeed, published 
reports show that a significantly abnormal Pt and Ptt upon arrival at the trauma 
center is predictive of a high incidence of mortality.

In 2005, a symposium of surgeons anesthesiologists, hematologists, transfusion 
medicine specialists, epidemiologists and others, held at the US Army Institute of 
Surgical Research, led to the recommendation of a 1 : 1 : 1 ratio of RBC : plasma : platelets 
during massive transfusion. A 2007 retrospective study demonstrated improved sur-
vival with more plasma transfused per each RBC product (65% mortality with 1 : 8 
and 19% mortality with 1 : 1.4 plasma : RBC ratio; Figure 50.1) in damage control 
resuscitation.

Based on the dramatic success of MtPs used in combat, studies are underway to 
show equivalent performance and patient benefit in the non-military setting. Initial 
data from the Grady Memorial Hospital, Atlanta, Georgia, support the clinical benefit 
in both 24-hour and 30-day mortality. the current MtP regimen for blood product 
administration at the above institution is shown in the table 50.1 as an example.

Table 50.1 an example of a massive Transfusion protocol

package rBCs plasma platelets Cryoprecipitate

Initial 6 units 6 units

1 6 units 6 units 1 apheresis

2 6 units 6 units 20 units

3 6 units 6 units 1 apheresis

4 6 units 6 units 10 units

5 6 units 6 units 1 apheresis

6 6 units 6 units 10 units

Multidisciplinary Communication: the management of patients with acute 
blood loss requires concise, effective and frequent communication between the trauma 
team and the hospital transfusion service (HtS). the HtS needs to be able to rapidly 
prepare blood products for issue, assess RBC component inventory and participate in 
reconciling laboratory values. Institutions which frequently take care of patients with 
acute blood loss usually have well-defined MtPs, but this may not always be the case.

MtPs require adequate laboratory support to evaluate the patient’s hemoglobin, 
platelet count, Pt, Ptt, fibrinogen level, ionized calcium and acidosis in order to 
address and correct these values. Some institutions use thrombelastograph (tEG) 
technology, which provides a dynamic and global assessment of the coagulation proc-
ess, including platelet function, coagulation cascade and fibrinolysis, to guide transfu-
sion management of these patients. Currently, sufficient data are lacking to support  
its use.
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Complications of massive RBC transfusion: Massive transfusion of RBC 
products is often complicated by coagulopathy secondary to dilution (termed dilu-
tional coagulopathy) because RBC products are virtually devoid of clotting factors. 
Once one blood volume has been replaced with RBC products, only 35% of coagu-
lation factor levels remain as a result of the dilution. Platelets are initially mobilized 
from the spleen but decrease to 50,000/l after replacement of approximately two 
blood volumes. Fibrinogen decreases to 100 g/dl after approximately two blood vol-
umes are replaced, which significantly limits clot formation.

In addition, the consumption of platelets and coagulation factors, and hypothermia 
and acidosis which result in decreased function of coagulation factor enzymes, com-
plicate and worsen the coagulopathy. this multifactorial trauma induced coagulopathy  
(tIC) may occur early (EtIC) or as damage control resuscitation is underway, and 
may lead to ongoing blood loss, decompensated shock and death.

Other complications of massive RBC transfusion are secondary to the storage of 
RBC products, and are more significant in the patient who receives a large volume 
of products within a short period of time. Storage of RBCs can lead to the following:  
1. Hypothermia (as the products have been recently refrigerated), which can increase 
tissue oxygen requirements and induce ventricular arrhythmias; 2. Impaired metabo-
lism of citrate and lactate, which increased acidosis; 3. Hyperkalemia; and 4. Decreased 
oxygen delivery due to decreased 2,3-DPG levels.

As RBCs are stored in citrate containing anticoagulant solutions, administration 
of large volumes of RBCs leads to citrate binding of free calcium and thus hypocal-
cemia, which can cause paresthesias, nausea, hyperventilation and depressed cardiac  
function. In addition, citrate is an acid and thus contributes to the acidosis.

Lastly, complications of massive RBC transfusion arise from the transfusion of 
older RBC products which have undergone changes during storage (termed the  
storage lesion). the storage lesion includes decreased 2,3-diphosphoglycerate (2,3- DPG), 
decreased pH, decreased RBC deformability, increased hemolysis, and increased potas-
sium, phosphate and ammonia concentrations, and is further described in Chapter 28.  
All of these changes may adversely affect the recipient during massive transfusion.
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C H a P T e R  51
blood management is the term given to the practice of minimizing allogeneic 
blood use, while maximizing patient outcome. blood management has four main  
tenets:  1. a focus on guideline-driven proper use of banked blood and minimizing  
its inappropriate use, 2. pharmaceutical preparations that prevent, minimize or con-
trol blood loss, usually in the operative setting, 3. blood conservation methods, and  
4. a multidisciplinary approach.

blood conservation includes preoperative (preoperative autologous donation), intra-
operative (hemodilution and blood salvage) and postoperative (blood salvage) tech-
niques. The multidisciplinary approach uses the entire team of healthcare providers, 
to be uniform in the goal of minimizing transfusion in the treatment of patients. This 
approach incorporates treating preoperative anemia, using meticulous anesthetic and 
surgical techniques intraoperatively, and avoiding over phlebotomy postoperatively.

Factors influencing the risk of transfusion:

Preoperative factors: The strongest predictor of a patient requiring blood during 
an elective surgery is his or her baseline hematocrit, with other significant contribut-
ing factors being the patient’s total blood volume (TbV) and red blood cell (RbC) loss 
during the procedure. Optimization of the patient’s hemoglobin (Hgb) prior to sur-
gery will decrease the chance of transfusion. Iron or erythropoietin may be indicated, 
depending on the cause of the patient’s anemia. Preoperative anemia additionally 
increases the risk of perioperative infection and mortality, which may be secondary to 
the associated increased risk of allogeneic blood transfusion.

Discontinuation of anti-platelet and anticoagulant agents: The correction 
of impaired hemostasis should decrease blood loss, and therefore decrease the need 
for transfusion. Impaired hemostasis can be corrected by discontinuing anticoagu-
lants and anti-platelet medications (platelet function returns to normal 72 hours after 
the last dose of aspirin) in a timely manner, or by treating the cause of the impaired 
hemostasis. In emergency situations, there may not be adequate time to discontinue 
the anti-platelet or anticoagulant medications. The effects of anti-platelet medications 
can be reversed with the transfusion of platelet products, if necessary.

Unfractionated heparin:  Heparin can be reversed by protamine sulfate, dosed 
at 1 mg per 100 U of unfractionated heparin administered over the previous 4 hours. 
Protamine must be slowly administered (up to 5 mg/min) to reduce the risk of 
hypotension and bradycardia. The maximum dose of protamine is 100 mg over two 
hours. Response to protamine can be assessed by measuring the PTT or anti-Xa activity.

Low molecular weight heparin:  Heparin can be reversed by protamine sulfate, 
dosed at 1 mg per 1 mg of low molecular weight heparin administered over the 
293
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previous 4 hours. Protamine must be administered slowly (up to 5 mg/min) to reduce 
the risk of hypotension and bradycardia. The maximum dose of protamine is 100 mg 
over two hours. Response to protamine sulfate can be assessed by measuring the PTT 
or anti-Xa activity.

warfarin:  Warfarin can be reversed with vitamin K (dose 2.5–5 mg orally or IV 
over 30 minutes [risk of acute anaphylactoid reaction with IV use]), which takes 2–24 
hours to improve the INR; or, for an immediate effect, plasma products (dose 5–15 ml/
kg depending on INR), prothrombin complex concentrate (dose 25–50 U/kg), or 
recombinant factor VIIa (rFVIIa) (dose 10–90 g/kg) can be administered. The post-
infusion INR can be used to assess the adequacy of warfarin reversal. Prothrombin 
complex concentrate and rFVIIa do not contain all of the factors that are deficient as 
a result of warfarin therapy, and therefore may require the supplemental use of plasma 
products or vitamin K. The half-life of some of the factors, such as 3–6 hours for Factor 
VII, may require additional doses of rFVIIa, prothrombin complex concentrate or 
plasma to maintain the target INR.

factor Xa inhibitors:  rFVIIa has been used at a dose of 90 g/kg to reverse Factor 
Xa inhibitors with an immediate effect which lasts 2–6 hours.

Direct thrombin inhibitors:  Direct thrombin inhibitors can be reversed by DDaVP 
(dose 0.3 g/kg IV over 15 minutes), cryoprecipitate (dose 10 units in an adult), 
antifibrinolytics (eaCa 0.1–0.15 g/kg IV over 30 minutes followed by 0.5–1 g/hour  
until bleeding subsides or tranexamic acid (TXa) 10 mg/kg IV every 6–8 hours until 
bleeding subsides), or plasma products (initial dose of 2 units).

Erythropoietin: erythropoietin, a 165 amino acid glycoprotein hormone, corrects 
anemia caused by renal failure, cancer, cancer therapy and human immunodeficiency 
virus. erythropoietin can be used preoperatively, with or without preoperative blood 
donation or acute normovolemic hemodilution, in elective surgery. Two to four 
weeks are necessary for adequate erythropoietin-stimulated erythropoiesis to occur. 
Depending on the estimated blood loss, patient’s TbV, and adequate time prior to sur-
gery, erythropoietin may be useful. Concomitant iron supplementation maximizes the 
benefit of erythropoietin use. Causes of hyporesponsiveness to erythropoietin include 
folic acid, vitamin b12 and vitamin C deficiency; infection; inflammatory states; and 
chronic blood loss.

Adverse events:  erythropoietin is associated with thrombotic events, hypertension, 
seizures and rare cases of pure red cell aplasia, and is contraindicated in patients with 
uncontrolled hypertension.

Iron supplementation: Correcting iron deficiency anemia prior to surgery decreases 
the likelihood of need for allogeneic transfusion.

intraoperative factors: Intraoperative factors to reduce allogeneic transfusion 
include preventing hypothermia, optimizing surgical technique, and controlling 
hemostasis. Surgical techniques that reduce bleeding include laparoscopic, robotic or 
endovascular approaches. Surgical instruments that maximize coagulation include the 
ultrasonic scalpel and argon beam coagulator.
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Postoperative factors: Patients in the intensive care unit have a mean blood draw 
of approximately 40 ml a day, with a total volume of 760 ml during the ICU stay, which 
increases to 900 ml in patients with arterial lines. These large losses from phlebotomy 
contribute to increased transfusion requirements.

Blood utilization guidelines: although the blood supply in developed coun-
tries has become increasingly safe, there continues to be mortality and morbidity 
associated with transfusions. an association between transfusion versus non-transfu-
sion, and transfusion of RbC products with longer versus shorter storage time, has 
been reported to increase length of hospital stay, number of infections, multiple organ 
failure, and/or mortality in primarily cardiac surgery, trauma and intensive care unit 
patients. acknowledging that these studies are either retrospective or prospective 
cohort studies, making them observational and often difficult to interpret due to con-
cerns about co-morbidities, unrecognized confounding variables and the difficulty in 
assembling a non-transfused control arm with equal disease severity scores, they have 
demonstrated that transfusion in general, and transfusion of older stored RbC prod-
ucts in particular, has been repeatedly implicated in increasing morbidity.

These studies must be weighed against the high risk of mortality in anemic (Hgb 
8 g/dl) patients who refuse transfusion. Therefore, for each patient, depending on 
his or her co-morbidities, a transfusion threshold should exist. Creating restrictive 
transfusion criteria reduces the likelihood of transfusion, with an average savings of a 
single unit per transfused patient. In addition, in the critically ill population restrictive 
transfusion criteria (Hgb 7 g/dl) may decrease mortality in some patients (e.g. patients 
younger than 55 years old and/or with an aPaCHe II score less than 20) or be equiva-
lent to a liberal transfusion threshold (Hgb 10 g/dl).

Prior to the creation of guidelines, an audit should be performed to understand 
the established transfusion practice. Transfusion guidelines should be created by a 
multidisciplinary team and based on evidence in the literature. Prior to implementa-
tion of the guidelines, education of the ordering physicians and other members of the 
healthcare team is required to ensure the guidelines are understood and are followed. 
after implementing guidelines, a repeat audit must be performed to guarantee they 
are being followed. This can also identify areas that need continued improvement.

Pharmaceutical Preparations:

Desmopressin: Desmopressin (DDaVP: 1-deamino-8-D-arginine-vasopressin) is a  
vasopressin analogue that increases the circulating levels of Factor VIII and von 
Willebrand factor, and has been used to manage bleeding in patients with uremic-
induced platelet dysfunction, acquired and hereditary platelet disorders, and type I 
von Willebrand disease. Studies in adult elective surgery patients (most undergoing 
cardiac surgery) without underlying bleeding disorders have demonstrated that pro-
phylactic administration of DDaVP does not reduce blood loss, risk of allogeneic 
transfusion, volume of RbCs transfused, or mortality.

Dose: The usual dose is 0.3–0.4 g/kg over 30 minutes. Doses can be repeated at 8–12 
hours. Serial doses are associated with tachyphylaxis, hyponatremia and seizures, espe-
cially in children under 2 years of age.
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adverse Effects: Side effects of DDaVP include hypotension, hyponatremia, head-
ache, and decreased urine output.

Antifibrinolytics: antifibrinolytic drugs reduce blood loss and the need for RbC 
transfusion. The lysine analogues (TXa and eaCa) are likely as effective as aprotinin, 
and are cheaper. In high-risk cardiac surgery, where there is substantial risk of large 
blood loss, aprotinin may be preferable. Currently aprotinin is not available due to its 
association with increased mortality, especially secondary to cardiac complications, 
in comparison to patients who received other antifibrinolytics in a large randomized 
controlled trial in high-risk cardiac surgery patients.

aprotinin: aprotinin, a proteinase inhibitor obtained from bovine lung, inhibits 
multiple mediators of inflammatory responses, fibrinolysis, and thrombin generation. 
aprotinin inhibits kallikrein at higher doses and plasmin at lower doses. aprotinin 
reduces the need for allogeneic blood transfusion, as well as reducing bleeding and the 
need for re-exploration in cardiac bypass surgery patients.

Adverse effects: anaphylactic reactions are possible, especially when patients are  
re-exposed to aprotinin; therefore, a test dose is required.

e-aminocaproic acid and tranexamic acid: TXa and eaCa are synthetic lysine 
analogs that inhibit fibrinolysis. These drugs block the lysine binding site on the plas-
minogen molecule, which inhibits the formation of plasmin and, therefore, of fibri-
nolysis. TXa or eaCa is used in a variety of surgeries to decrease allogeneic RbC 
transfusion.

Adverse effects: There have been cases of thrombotic complications with its use in 
liver transplantation surgeries.

Recombinant factor Viia: Factor VIIa binds to tissue factor to activate Factors 
IX and X, thereby activating Factor V, which converts prothrombin to thrombin. 
Thrombin activates platelets and Factors VII, V and XI. This creates a thrombin burst 
which converts fibrinogen to fibrin for clot formation. rFVIIa is licensed for use in 
hemophilics with inhibitors, but there are case series demonstrating its success in con-
trolling severe or refractory bleeding. rFVIIa may decrease blood loss and decrease 
transfusion needs in cases of large blood loss, but has a risk of thrombosis with a 
resulting increase in mortality. The off-label use of rFVIIa may be useful in certain 
settings, such as rescue therapy for life-threatening bleeding that is unresponsive to 
standard hemostatic therapies (i.e. platelet, plasma and cryoprecipitate transfu-
sions) and with no identifiable surgical source of bleeding. Currently, its effectiveness 
remains uncertain. rFVIIa should be used with caution in patients at increased risk 
for thrombosis, such as those with a history of thrombotic complications or throm-
bophilic disorders, or who have disseminated intravascular coagulopathy (DIC).

Dose: Dosing for bleeding has ranged from 15 to 180 g/kg, with lower doses used in 
Factor VII deficiency secondary to liver failure and higher doses used for life-threatening  
hemorrhage. alternatively, lower doses (10–20 g/kg) can be repeated every 15–30 
minutes for a total of 90–180 g/kg in patients with life-threatening hemorrhage.
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adverse Effects: The use of rFVIIa is associated with the risk of thrombotic compli-
cations, especially in patients with known hypercoagulability.

fibrin sealant: Fibrin sealant is the combination of thrombin and fibrinogen mixed 
with calcium to form fibrin, which is used as a topical hemostatic agent. Products may 
contain antifibrinolytics (aprotinin) to reduce fibrinolysis, or Factor XIII to increase 
the strength of the clot. a variety of commercially and individually produced fibrin 
sealants are available. Currently there are fibrin sealant products consisting of human 
fibrinogen, human thrombin, calcium chloride and aprotinin (bovine) which are com-
mercially available in the US. In addition, there is recent FDa approval of a product 
containing human-derived fibrinogen and thrombin without aprotinin. alternatively, 
automated devices also exist to produce fibrin sealant from autologous plasma. 
another option is autologous fibrin glue prepared from the cryoprecipitated por-
tion of autologous plasma; after thawing, this material is mixed with bovine thrombin 
immediately before application to the surgical field site. a disadvantage of fibrin seal-
ant is that it takes time to prepare, especially in autologous products, and also time for 
clot formation. Fibrin sealants reduce allogeneic transfusion and decrease intraopera-
tive and postoperative blood loss for a variety of surgical procedures.

adverse Effects: bovine thrombin containing products carry the risk of allergic 
reactions or antibody formation. antibodies to the bovine thrombin crossreact with 
human Factor V, leading to Factor V deficiency and risk of hemorrhage. In contrast, 
human-derived proteins, though virally inactivated, carry the potential risk of transfu-
sion transmitted disease.

Autologous Blood: autologous blood can be collected from a patient in advance of 
anticipated blood loss (preoperative donation) or at the start of the procedure (acute 
normovolemic hemodilution); in addition, shed blood can be salvaged for reinfusion 
both during surgery and in the postoperative period. as the risk of transfusion has 
decreased and the understanding of the risks and costs of autologous donation has 
increased, there has been a decline in the utilization of preoperative blood donation.

Advantages: The use of autologous blood decreases the risk of adverse events from 
allogeneic blood, such as transfusion-transmitted diseases, transfusion-related acute 
lung injury, and other non-infectious hazards of transfusion.

Disadvantages: The disadvantages of autologous blood donation include the risk 
of clerical errors resulting in the transfusion of the incorrect product, and the poten-
tial infectious risk of bacterial contamination of the product – especially with Yersinia 
enterocolitica, a common cause of community-acquired diarrhea.

Costs: as the allogeneic blood supply has become safer, more attention has been 
focused on the costs associated with autologous transfusion techniques. Costs arise 
from unused autologous collections (for example, when a patient has donated enough 
blood to match the mean number of components used by others undergoing the pro-
cedure but requires less). This problem is magnified by over-collection and unneces-
sary utilization, and by the extra work involved in deviation from routine large-scale 
allogeneic collection practices.



298� Beth�H.�Shaz,�MD
Preoperative Autologous Donation: Provided that the donor has satisfactory 
iron stores and that bone marrow erythropoiesis can occur in a timely fashion, blood 
may be comfortably collected from an autologous donor on a weekly schedule (see 
Chapter 7). The shelf-life of refrigerated whole blood is limited to 42 days with cur-
rent formulations of anticoagulant-preservative solutions, and a schedule for multiple 
donations is usually fitted into this 6-week window. alternatively, some or all of the 
products can be frozen at 65°C for up to 10 years. although frozen products allow 
collections to occur over a longer period, the flexibility of utility at the time of surgery 
is affected: thawing and deglycerolizing takes a few hours, and the thawed products 
have a 24-hour outdate.

autologous blood donations are well tolerated by a variety of high-risk donors, 
including the elderly, children, pregnant women, and patients with atherosclerotic 
coronary artery disease. a weekly phlebotomy schedule fosters some degree of RbC 
regeneration before surgery. However, the most important medical problem associated 
with autologous donation is anemia developing during the collection interval. When 
this occurs, it is typically as a result of marginal iron stores and insufficient erythro-
poietic response (with little or no increase in serum erythropoietin levels), probably 
because the hematocrit of most donors is not allowed to fall below 30%.

Indications: The decision to use preoperative autologous blood donations should 
be predicated on the type of surgery, the amount of time available for donation and 
hematopoietic reconstitution, the patient’s hematocrit, and the predicted vigor of the 
erythropoietic response to donation. When large blood loss is expected and multiple 
autologous blood products are needed, erythropoietin can be used to increase the 
number of preoperative autologous blood products able to be donated. Patients plan-
ning to undergo elective orthopedic surgery are ideal candidates for autologous trans-
fusion, because they require moderate amounts of blood during and immediately after 
surgery, and typically have sufficient time prior to surgery to make multiple donations. 
Other surgeries where preoperative autologous blood donation is commonly utilized 
include cardiac surgery, vascular surgery, radical prostatectomies, hysterectomies and 
other gynecologic procedures, gastrointestinal surgery, neurosurgery, and bone mar-
row harvest. as surgical techniques change, the need for blood transfusions may be 
affected; in such instances, the role of autologous blood should be re-examined.

Long-term frozen storage of autologous RbCs in the absence of an anticipated 
transfusion episode is both ineffective and expensive. an exception is the storage of 
blood by individuals with high-frequency or complex alloantibodies, for whom stock-
piling of rare autologous products may be beneficial. even here, however, the likeli-
hood that such blood would be helpful is slim. To be of value, sufficient autologous 
blood would have to be available to meet the needs of an unexpected emergency; fur-
thermore, delays in sending the blood expeditiously to the hospital where it is needed 
and in preparing products (thawed and washed free of the glycerol cryoprotectant) 
would make its use unwieldy.

Autologous Platelet-rich Plasma: autologous platelet-rich plasma can be pre-
pared at the start of cardiac surgery with cardiopulmonary bypass, using apheresis 
equipment before bypass, to be returned to the patient after heparin reversal at the 
end of the surgical procedure. because thrombocytopenia or an acquired platelet 
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defect can occur after blood passes through the membrane oxygenator, the theoreti-
cal advantages of transfusing platelet-rich plasma should include an improvement in 
hemostasis and reduced transfusion requirements. Platelet-rich plasma has been 
shown to decrease allogeneic transfusion.

Acute normovolemic hemodilution: The collection of autologous blood at the 
start of a surgery, for return to the patient at the end of the procedure, had its origins 
in cardiac surgery. The original goal was prevention of postoperative coagulopathies 
through ex vivo maintenance of a supply of platelets undamaged by exposure to the 
membrane oxygenator. However, additional advantages regarding the intentionally 
created anemia were also identified. Hemodilution can contribute to a reduction in 
RbC loss. In simplest terms, a patient with a hematocrit of 45% and a 2 l blood loss 
during surgery loses roughly 900 ml of RbCs, whereas a similar patient with a hemat-
ocrit of 20% loses only 400 ml of RbCs.

Hemodilution is probably less expensive to accomplish than preoperative autolo-
gous blood donation, and it may be the only option available when surgery is per-
formed in non-elective settings. The technique involves removal of blood into 
standard collection bags with citrate anticoagulation (unless the patient is already 
heparinized), and replacement of lost volume with either crystalloids or colloids. Close 
monitoring of the patient’s cardiovascular status is necessary during the hemodilu-
tion process. Products are stored in the operating room during surgery and reinfused 
as needed, in reverse order of collection, reserving the bags with the highest concen-
tration of RbCs for the end of the procedure, after blood loss has been controlled. 
erythropoietin can also be used preoperatively in conjunction with acute normovo-
lemic hemodilution, especially in patients with small blood volumes and mild anemia.

adverse Effects: The severity of the anemia could affect oxygen transport, although 
the concomitant drop in blood viscosity, and compensatory cardiac output increases, 
could restore oxygen delivery.

intraoperative Autologous transfusion: a number of techniques have been 
developed for the salvage and reinfusion of blood lost during an operative proce-
dure. The simplest approach, direct reinfusion without washing, involves collection of 
blood under low vacuum pressure into a plastic bag seated within a hard outer canis-
ter where an anticoagulant (usually citrate) is added, and as soon as the bag is full, or 
within 4 hours after the start of the collection (to prevent bacterial growth), the con-
tents of the bag are reinfused through a standard blood filter to the patient. RbCs shed 
into a surgical field are accompanied by activated coagulation factors and platelets, 
cellular debris and soluble factors released from injured tissue cells, pharmaceuticals 
applied to the field, and irrigant solutions. alternatively, the contents in the bag can be 
washed with saline. Devices that include a reservoir for collecting the salvaged blood 
and a centrifuge for washing are available to collect and process large volumes quickly. 
With these techniques, intraoperative blood salvage has become practical in situations 
in which blood loss may be extremely rapid, such as trauma or liver transplantation. 
approximately one-half of the blood lost during a surgical procedure can be recovered.

adverse Effects: Complications of intraoperative salvage are infrequent. The hema-
tocrit of salvaged unprocessed blood is typically low because of a combination of 
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dilution from irrigation fluids and some degree of mechanical hemolysis poten-
tially resulting in dilutional coagulopathy, hemoglobinemia and hemoglobinuria. 
In addition, bacterial contamination can occur secondary to environmental organ-
isms such as coagulase-positive and -negative staphylococci, propionibacteria, and 
Corynebacterium species. Collection of blood from a contaminated site, such as that 
associated with spilled intestinal contents, is contraindicated. many consider cancer 
surgery another contraindication for salvaged blood, due to the possibility of tumor 
cells within the salvaged blood. Finally, although it is uncommon, the collection proc-
ess can be associated with fatal air embolism.

Postoperative Autologous transfusion: both canister systems and RbC proces-
sors can be used to collect postoperative blood drainage, such as that from the medi-
astinum after heart surgery, from the peritoneal cavity after hepatic injury, or from the 
knee or hip site after orthopedic procedures. blood salvaged from a serosal cavity has 
little residual fibrinogen or platelets, and clotting is usually not a problem; therefore 
the addition of anticoagulants to the collection is usually not necessary. The salvaged 
blood contains free hemoglobin, and may be contaminated with tissue exudate, bone, 
bone marrow and other biologic and surgical materials; nevertheless, most patients 
tolerate the infusions well.

adverse Effects: adverse effects include respiratory distress, hypotension with ana-
phylaxis, and fever – the latter more likely to occur when the product is collected over 
a long time interval (6–12 hours).

Controlled hypotension: Controlled hypotension may decrease blood loss and 
transfusion in orthopedic surgery. The concern with controlled hypotension is that 
it may produce end-organ ischemia, especially in patients with atherosclerosis. The 
decrease in blood loss as a result of controlled hypotension may not outweigh its risk 
of ischemia.
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Transfusion of blood products can lead to a number of adverse events and out-
comes in recipients, ranging from subclinical infection with a virus that can remain 
undiagnosed for decades, to acute immune hemolysis with hypotension, shock and 
death commencing within minutes. A large number of classification schemes exist 
to categorize adverse events and outcomes in transfusion recipients. These includ-
ing groupings by pathogenesis (immune versus non-immune; infectious versus  
non-infectious), reaction type (febrile or allergic), and time to development (acute 
versus delayed), amongst others.

In this textbook, the classification scheme for adverse events will use two catego-
ries: 1) Transfusion Reactions, and 2) Posttransfusion Complications. An additional 
third grouping is presented, termed the non-infectious serious hazards of transfusion, 
or NiSHOTs.

Transfusion Reactions: Transfusion reactions are adverse events temporally asso-
ciated to the transfusion of blood products (also termed acute transfusion reactions), 
and can range from mild to life-threatening. A list of transfusion reactions and their 
temporal relationship and severity is presented in Table 52.1.

Table 52.1 Transfusion Reactions

Name Temporal relationship Severity

acute hemolytic 0–1 hour Mild–severe

anaphylactic 0–1 hour Severe

Febrile 1–6 hours Mild

Hypotensive 1–3 hours Mild–moderate

Metabolic 0–4 hours Mild–moderate

Septic 0–6 hours Mild–severe

TaCO 1–4 hours Mild–severe

TRalI 0–6 hours Mild–severe

Urticarial/allergic 0–6 hours Mild–moderate

TACO, transfusion-associated circulatory overload; TRALI, transfusion-related 
acute lung injury.

Posttransfusion Complications: Posttransfusion complications are adverse 
events that are a result of transfusion but do not occur at or around the time of 
303
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Table 52.2 Posttransfusion Complications

Name Time following Transfusion Severity

alloimmunization Days–months None–severe

Delayed hemolytic Days Mild–severe

Iron overload Years Mild–severe

PTP Week–weeks Moderate–severe

Ta-GVHD Week–weeks Severe

Ta-MC Months–years Unknown

TRIM Week–weeks Mild–moderate

TTD Days–years None–severe

PTP, posttransfusion purpura; TA-MC, transfusion associated microchimerism; TRIM, 
transfusion related immunomodulation; TTD, transfusion transmitted disease.
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figure 52.1 Transfusion recipient morbidity by complication classification according to the 2004 
SHOT Annual Report.
ICBT, incorrect blood transfused; ATR, acute transfusion reaction; DTR, delayed transfusion reaction; 
TRALI, transfusion-related acute lung injury; TTI, transfusion-transmitted infections; PTP, post 
transfusion purpura; TA-GVHD, transfusion associated graft versus host disease.
Hillyer CD, Blumberg N, Glynn SA et al. (2008). Transfusion recipient epidemiology and outcomes 
research: Possibilities for the future. Transfusion 48, 1530–1537.

transfusion (also termed delayed reactions). These, too, can range from mild to  
life-threatening. A list of posttransfusion complications and their temporal relation-
ship and severity is presented in Table 52.2.

Serious Hazards of Transfusion: As the serious infectious hazards of transfusion, 
including HIV, HCV and HBV, are now rare following transfusion, attention has turned to 
the non-infectious serious hazards.

NiSHOTs include a variable number of important entities. Universally, mistransfu-
sion, TRALI and bacterial contamination are not uncommon NiSHOTs. Indeed, these 
three entities are the leading causes of transfusion-associated death in the US and on 
other continents as well. Data (2004) from the UK hemovigilance scheme regarding 
morbidity from serious hazards of transfusion (SHOT) showed that incorrect blood 
component transfused (IBCT; equals “mistransfusion”) and acute transfusion reaction 
ranked highest, followed by TRALI (Figure 52.1).
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efforts to Mitigate the Leading Causes of Transfusion-associated Death: 
As stated above, the three leading causes of transfusion-associated death are ABO-
incompatible transfusion or mistransfusion, TRALI, and bacterial contamination. 
Significant advances have been made to address these NiSHOTs.

Mistransfusion: Mistransfusion, a term generally used to describe an episode where 
“the wrong patient receives the wrong blood,” occurs for a variety of reasons, including 
improper identification of the intended recipient during initial sample collection for 
blood typing (so called “wrong blood in tube” [WBIT]), improper typing or pretrans-
fusion testing of the blood component or recipient in the blood bank, or misidentifi-
cation of the patient recipient and/or the blood product at the time of initiation of the 
blood transfusion. Mistransfusion, considered by most authorities to be the leading 
cause of transfusion-related mortality, has a reported estimated incidence approaching 
1:14,000 units in the US, with fatality rates approaching 1:500,000 units transfused. 
A number of technologies exist that are thought to be able to reduce mistransfusion, 
including bar-coding of patient and blood unit identifiers, radio frequency identifi-
cation (RFID), combination-locked pouches that require a special bedside code, and 
bedside ABO tests that would allow an operator to “retype” the patient and “match” 
the patient blood type with the blood unit label. None of these methods has enjoyed 
widespread implementation to date, and each involves human actions, interpreta-
tion or decisions, thus allowing human error. As yet, a widely employed solution to  
mistransfusion has not been discovered.

Transfusion Related Acute Lung Injury: TRALI was the leading cause of trans-
fusion-related deaths reported to the US FDA in 2003. TRALI is defined as “a new 
episode of ALI [acute lung injury] that occurs during or within 6 hours of a com-
pleted transfusion which is not temporally related to a competing etiology for ALI.” 
The diagnosis of TRALI is considered a clinical and radiographic diagnosis, and not 
a laboratory-defined one. The pathogenesis of TRALI is not fully understood, but 
likely requires several “hits”; including donor HLA antibodies. Indeed, TRALI miti-
gation schemes in the UK, US and elsewhere have focused on limiting exposure to 
donor HLA-antibodies primarily by using male-only plasma. UK SHOT data from 
2007 (http://www.shotuk.org/home.htm) suggest a significant decrease in TRALI fol-
lowing institution of this policy. US mitigation strategies are currently being imple-
mented, but may strain platelet inventories. Close evaluation of these strategies and 
better understanding of recipients at risk and the mechanism of TRALI are important 
in reducing the incidence of TRALI.

Bacterial Contamination: Both subclinical bacteremia in the donor and inadequate 
skin decontamination can lead to the collection of bacteria in blood components. 
These bacteria can multiply and lead to high concentrations of endotoxin, especially 
in platelet units as they are stored in plasma at room temperature in gas oxygen- 
permeable plastic bags. The incidence of bacterially contaminated platelets in the 
1990s (US) approximated 1:3000 platelet units. Early in this decade the AABB released 
Standard 5.1.5.1, which requires that bacterial contamination be limited and detected. 
Several methods to comply with this Standard have led to a decrease in bacterial 
 contamination, septic transfusion reactions and death, by approximately 50%. The 

http://www.shotuk.org/home.htm
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Table 52.3 NiSHOTs: Developing

Blood transfusion and mortality: adults and pediatrics
l Age of blood and fie intensive care unit issue
l  Transfusion Triggers in Critical Care (TriCC). Transfusion requirement in fie 

Pediatric intensive Care unit (TriPiCu)
l  Acute respiratory failure, acute respiratory distress syndrome, myocardial infarction, 

multiorgan failure
l Nitric oxide and S-nitrosohemoglobin
l WBC-mediated, TriM, leukoreduced

TRALI: adults

Risks or challenges in specialized circumstances: adults and pediatrics

l extracorporeal membrane oxygenation
l african americans
l anemia of the elderly

Necrotizing enterocolitis: pediatrics

K toxicity after irradiation: adults and pediatrics

Inflammation and alloimmunization: adults and pediatrics

Microchimerism and autoimmune disorders: adults and pediatrics

Heavy metals and  plasticizers: pediatrics

Modified from Hillyer CD, Blumberg N, Glynn SA et al. (2008). Transfusion recipient epidemiology and outcomes 
research: Possibilities for the future. Transfusion 48, 1530–1537.

true residual risk of bacterial contamination in a culture-tested and released platelet 
unit is unknown with certainty.

Developing NiSHOTs: A number of significant concerns remain on the horizon and 
may become NiSHOTs. These are listed in Table 52.3 as “developing.” Most notable on 
this list is “transfusion and mortality.”

Transfusion and Mortality: A significant body of data is developing that associates 
blood transfusion itself with increased morbidity and mortality in the intensive care 
unit and after surgery. Some studies have reported an association between transfu-
sions and an increase in length of hospital stay, postoperative infections, lung injury, 
tissue hypoxia, bleeding or thrombosis, and/or multiple organ failure. These reports 
are largely observational and often difficult to interpret due to concerns about unrec-
ognized confounding variables inherent in non-randomized studies. At present, the 
credibility of the association of transfusion and death in some clinical situations and 
patients has not been firmly established, and, if true, the magnitude and mechanism 
are not known. Further study is needed and expected in the near term.
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Febrile non-hemolytic transfusion reactions (FNHTRs) are defined as (1) a tem-
perature increase of greater than 1°C (1.8°F) associated with a transfusion, that (2) 
cannot be attributed to other etiologies, and which (3) may be accompanied by 
chills, rigors, cold or discomfort. This established definition is becoming recognized 
as being too narrow, as reactions classified as FNHTR may not have fever, but rather 
the patients may note chills, a cold sensation or discomfort. Indeed, fever occurring 
with FNHTRs can be suppressed (or abrogated) by antipyretic medications. Rarely, 
the reaction can be accompanied by nausea, vomiting and headache. FNHTRs usually 
occur during or within 2 hours of transfusion. As there are no diagnostic tests to iden-
tify FNHTRs, it is a diagnosis of exclusion.

Incidence: Multiple factors influence the frequency and reporting of FNHTRs, 
including type of blood product transfused, patient population, and variability in 
recording of signs and symptoms. The incidence of FNHTRs due to RBC transfusion 
has been reported from 0.1–7.0 reactions per 100 products transfused, though pre- 
storage leukoreduction has reduced this incidence by more than 50%. FNHTRs occur 
in 0.2% to greater than 30% of platelet transfusions, which has been reduced by 
approximately 90% with the use of pre-storage leukoreduction. Before the general 
adoption of universal pre-storage leukoreduction, FNHTRs occurred most commonly 
in older, stored products, especially platelets, due to the relationship between dose and 
concentration of white blood cells (WBC) and/or cytokines infused (now mitigated by 
leukoreduction). FNHTRs typically occur later in the course of the transfusion itself. 
If fever occurs very early in the transfusion event, bacterial contamination should be 
considered with high suspicion.

Diagnosis, Differential Diagnosis and Evaluation: FNHTR is a diagnosis of 
exclusion, thus all other reasons for fever (e.g. coexisting conditions such as infection, 
sepsis, or medications and therapies [chemotherapy]) or the accompanying symptoms 
must be ruled out. A clear temporal association of fever with blood product adminis-
tration and the lack of any other inciting event usually leads to the conclusion and 
classification of a FNHTR.

The recognition of fever temporally associated with transfusion is important, not 
simply because of the possible diagnosis of FNHTR, but rather because fever can 
accompany much more serious transfusion complications. Fever accompanies acute 
hemolytic transfusion reactions, TRALI, and the transfusion of bacterially contami-
nated products, which all can be life-threatening. As recognition of fever is a driver in 
terminating the presence of a transfusion reaction, stopping the transfusion may be 
life-saving. In all cases of fever, the reaction should be reported to the transfusion serv-
ice; evaluation should include clerical and serological evaluation for mistransfusion,  
309
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and visual inspection of the remaining product, and may include bacterial culture 
and gram staining of the remaining products in the bag if bacterial contamination is 
suspected.

Pathophysiology: There are two potential mechanisms of FHNTRs in transfused 
products, which are associated with the presence of contaminating leukocytes. The 
first potential mechanism involves leukocyte-derived cytokines, and is most com-
monly associated with platelet products. Leukocyte-derived cytokines (e.g. inter-
leukins [IL-1, IL-6, IL-8] and tumor necrosis factor  [TNF-]) accumulate in the 
supernatant during room-temperature storage of platelet products. In addition, 
platelet products must be stored in oxygen-permeable containers, and require the 
presence of plasma for glucose metabolism. Because the cytokines have already been 
released during storage, bedside (or post-storage) leukoreduction does not result in 
decreased incidence of FNHTRs from platelet products. The second potential mecha-
nism involves WBC antibodies, and is most commonly associated with RBC products. 
Recipient HLA and HNA antibodies, which are against the transfused WBCs, lead to 
an antigen–antibody complex, resulting in release of endotoxin, which leads to fever 
and other symptoms via the hypothalamus. Despite implementation of pre-storage 
leukoreduction, FNHTRs still occur (approximately 0.2% for RBC and 1.0% for plate-
let transfusions), implying that there may be other mechanisms causing these types of 
FNHTRs.

Management: The transfusion must be stopped immediately. Symptomatic care 
should be given, including consideration of antipyretics; meperidine may be helpful if 
chills or rigors are prominent symptoms. Fever and chills are self-limited, and will resolve 
without treatment.

Prevention: pre-storage leukoreduction of RBCs and platelets decreases the incidence 
of FNHTRs. If reactions continue to occur, especially with platelets, administering vol-
ume-reduced or washed products may help, and, pretransfusion antipyretic administra-
tion can be considered, though this may mask fever caused by other serious reactions.

Recommended Reading
Heddle NM, Blajchman MA, Meyer RM et al. (2002). A randomized controlled 

trial comparing the frequency of acute reactions to plasma-removed platelets and 
prestorage WBC-reduced platelets. Transfusion 42, 556–566.

paglino JC, pomper GJ, Fisch GS et al. (2004). Reduction of febrile but not allergic 
reactions to RBCs and platelets after conversion to universal prestorage leukoreduc-
tion. Transfusion 44, 16–24.



Allergic, Anaphylactoid and Anaphylactic 
reactions
Beth H. Shaz, MD

C H A P T E r  54
Allergic reactions can occur following blood transfusion, and are the result of an 
interaction between an allergen and a preformed antibody – usually IgE. There is a 
broad spectrum of severity of allergic reactions, ranging from focal mild urticarial 
reactions to systemic, life-threatening anaphylactic reactions with intractable hypo-
tension or shock and loss of consciousness. Urticarial or mild allergic reactions consist 
of pruritic urticarial lesions. Anaphylactoid is a term that is used to describe reactions 
less severe than anaphylaxis that are characterized by hypotension, dyspnea, stridor, 
wheezing and/or diarrhea. In addition, the term anaphylactoid has been used to 
describe “anaphylactic” reactions not mediated by IgE, due to anti-IgA of limited sero-
logic reactivity, and in recipients with normal IgA levels.

Pathophysiology: Allergic reactions are usually type I hypersensitivity responses, 
which are mediated by IgE. Antigen-specific Th2 T cells secrete IL-4 and IL-13, which 
stimulate activated B cells to change their production antibody isotype from IgM to 
IgE. IgE binds to mast cells and basophils by means of IgE Fc receptors. When an 
allergen, which is usually a protein in the plasma of the transfused blood component, 
binds the cell-associated IgE, the mast cell is activated and releases mediators (such 
as histamine, heparin, leukotrienes, platelet-activating factor, cytokines and chem-
okines). These mediators, also known as anaphylatoxins, instigate the influx of cells 
and fluid into the tissues, resulting in the allergic reaction symptoms of the skin, res-
piratory tract, and cardiovascular and gastrointestinal systems. In addition, IgG may 
also mediate allergic reactions by leading to complement fixation, one of the results of 
which is the release of C3a and C5a anaphylatoxins. Much of the pathophysiology of 
allergic reactions is still poorly understood.

Anti-IgA: Individuals with congenital complete IgA deficiency may develop a 
class-specific antibody to IgA (anti-IgA). Exposure to IgA will generate an immedi-
ate anaphylactic reaction. Patients with severe allergic, anaphylactoid or anaphylactic 
reactions should have their pretransfusion sample tested for the presence of IgA by 
nephelometry, a simple and rapid test. Though this method has only modest sensi-
tivity, the presence of IgA will allow the physician to discount the diagnosis of IgA 
deficiency with anaphylactic transfusion reaction, as these patients cannot make an 
anti-IgA antibody. If this test does not show demonstrable IgA then more sensitive 
tests are required, as is an assay for the presence of anti-IgA antibodies (as below). In 
the future, these patients need to receive blood components, including immunoglob-
ulin products, which lack IgA. Products can either be from an IgA-deficient donor, 
which is required for plasma components, or be washed to remove as much plasma as 
possible.
311
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Antibodies to other normal serum proteins: Anaphylactic reactions have 
been reported in individuals who lack allotypes of other normal serum proteins, such 
as haptoglobin, C3 and C4, who form IgG or IgE antibodies against these proteins. 
Chido (Ch) and rogers (rg) antigens are on the C4d component of complement, and 
are bound onto the rBC membrane when complement is activated. Severe anaphylac-
tic reactions have been reported in patients with anti-Ch or anti-rg who are receiving 
plasma components.

Components within the blood product: The allergen for which the patient 
has an antibody, or the antibody for which the patient has an allergen, may be in the 
blood component. For example, the donor may be taking penicillin and the recipient 
may have a penicillin allergy, or the donor may be allergic to penicillin and the recipi-
ent may be on penicillin – both situations possibly resulting in an allergic reaction in 
the recipient. In addition, anaphylatoxins or other mediators may also be produced 
in the blood component during storage, or be present in the blood component from  
the donor.

Latex Allergy: Latex may be found in the blood collection or blood transfusion set. 
If a patient has a latex allergy, the blood supplier or manufacturer may need to be con-
tacted to determine whether latex was used in the manufacturing process, and specific 
latex-free products may need to be used.

Clinical features: Allergic reactions occur in 0.03–0.61% of rBC transfusions, 
0.3–6% of platelet transfusions and 1–3% of plasma transfusions; the majority of 
these reactions are mild. Anaphylactic reactions occur in approximately 1 in 20,000 
to 47,000 components transfused. Symptom onset of anaphylactic reactions is within 
seconds to 45 minutes after the start of transfusion, while symptom onset for allergic 
reactions is up to 2–3 hours after completing transfusion. In general, the shorter time 
to onset of symptoms, the more severe the reaction.

Urticarial reactions consist of pruritic, localized, well-circumscribed, discrete wheals 
with erythematous, raised, serpiginous borders and blanched centers. Generalized 
pruritus may precede the eruption, and there may be generalized erythema (flushing) 
of the skin or angioedema, which is localized, non-pitting and deep edema of the skin.

Symptoms of more severe reactions include upper and/or lower airway obstruc-
tion. Upper airway obstruction results in hoarseness, stridor and/or the complaint of 
a “lump” in the throat. Lower airway obstruction results in audible wheezing, a feel-
ing of chest tightness, substernal pain, dyspnea, cyanosis, anxiety and/or a feeling of 
impending doom. In addition, there may be profound hypotension, possibly lead-
ing to loss of consciousness and shock, and cardiac symptoms of tachycardia, cardiac 
arrhythmias and cardiac arrest. Severe gastrointestinal symptoms (abdominal cramps/
pain, nausea, vomiting, diarrhea) may also be present.

Diagnosis: The differential diagnosis of allergic reactions includes immediate 
hemolytic transfusion reactions, which usually have the presence of fever and absence 
of cutaneous manifestations. Transfusion related acute lung injury (TrALI) can be 
differentiated from allergic reactions by the presence of fever, chest X-ray findings of 
pulmonary edema, and absence of cutaneous and gastrointestinal symptoms. Bacterial 
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contamination is associated with hypotension and shock, but the presence of rigors 
and fever differentiate it from allergic reaction. Flushing and hypotension may be seen 
in patients taking angiotensin converting enzyme (ACE) inhibitors, but can be differ-
entiated from allergic reactions by the absence of hypoxia or other pulmonary findings. 
Circulatory overload can be differentiated from an allergic reaction by the presence of 
pulmonary edema and hypervolemia with hypertension. Other causes of the patient’s 
allergic reaction should be ruled out, such as coincidental administration of a drug  
or food.

Patients with a severe allergic reaction should be tested for IgA deficiency and the 
presence of anti-IgA. Screening for IgA deficiency by measuring levels of IgA can be 
performed in the majority of large hospital laboratories. reference laboratories can 
perform more sensitive tests, which have a lower limit of detection. Anti-IgA testing 
is currently only performed in reference laboratories, which use a variety of methods, 
including immunoradiometric assay, passive hemagglutination and flow cytometry. In 
one study, only 18% of sera from patients with anaphylactic or anaphylactoid transfu-
sion reactions contained anti-IgA; therefore, anti-IgA is only one cause of anaphylactic  
or anaphylactoid reactions.

Treatment:

Mild Allergic reactions: Treatment of mild reactions consists of temporarily stop-
ping the transfusion and administering diphenhydramine or another anti-histamine. 
If the symptoms resolve promptly, then the transfusion can be continued. If the symp-
toms recur or do not subside, then the transfusion should be discontinued.

severe Allergic reactions: Appropriate medications and equipment should be 
available for all transfusions in case of severe immediate transfusion reactions. First, 
the blood transfusion must be discontinued, and intravenous access maintained with 
normal saline (0.9% sodium chloride). Oxygen and possible intubation may need to 
be administered for hypoxia. Epinephrine is the most effective medication for treating 
anaphylaxis. Vasopressors may be required. In addition, H1-receptor antagonist and 
intravenous steroids have been used. Observation of the patient for up to 24 hours 
may be required for the resolution of symptoms, and to ensure that they do not recur.

risks of diphenydramine Administration: Diphenydramine, which has anti-
cholinergic effects and crosses the blood–brain barrier, can cause dry mouth, urinary 
retention, drowsiness, decreased alertness (impairing driving abilities), delirium (espe-
cially in elderly hospitalized patients), and impaired cognitive performance, memory 
and attention. In contrast, it can alternatively cause restlessness and nervousness. It 
has also been associated with cardiotoxicity and arrhythmias.

Prevention: The majority of clinical trials demonstrate that the routine use of pre-
medication does not decrease the incidence of allergic reactions.

prophylactic premedication in patients without prior history: Although 
premedication is a common practice, reported in up to 80% of transfusions, there are 
no data to demonstrate that routine premedication prior to transfusions decreases the 
incidence of allergic reactions.
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prophylactic premedication in patients with a prior history of Allergic 
reactions: In patients who have had previous allergic reactions, it may be beneficial 
to premedicate with diphenhydramine or another anti-histamine, H1-receptor antag-
onist, or intravenous steroids, depending on the severity of the previous reaction. In 
patients with moderate allergic reactions, premedication may be more warranted as 
a method to decrease the risks of transfusion. In addition, allergic reactions tend to 
become more severe with repeated plasma/platelet transfusions. In patients with mod-
erate–severe reactions, washing or plasma-reducing red blood cell or platelet products 
may be warranted to remove the plasma and thereby decrease or eliminate the risk 
of allergic reactions. If plasma-containing products must be administered, then the 
patient should be given appropriate premedication and closely monitored during the 
transfusion, and the product infused slowly.

IgA deficiency: IgA deficiency occurs in approximately 1 in 900 blood donors in 
the US and UK, 1 in 500 in Finland, and 1 in 18,500 in Japan. Of IgA-deficient indi-
viduals who are otherwise healthy, 20–30% form anti-IgA, while approximately 80% 
of IgA-deficient individuals with autoimmune diseases (such as rheumatoid arthritis, 
juvenile rheumatoid arthritis, systemic lupus erythematosus or ataxia-telangiectasia) 
form anti-IgA. Anti-IgA is formed irrespective of a history of pregnancy or previous 
blood transfusion, but can be stimulated by IgA exposure from a previous transfu-
sion. Anti-IgA is also detected in normal human sera (2–59% of individuals). Given 
the above, it is thought that anti-IgA may be an alloantibody and/or an autoantibody. 
Anti-IgA is usually IgG but may be IgM or IgE, and it can be of broad or limited 
specificity.

In a study of 32,376 blood donors, the frequency of IgA deficiency (0.05 mg/dl)  
and class-specific anti-IgA was 1 in 1200, which is greater than the observed fre-
quency of anaphylactic reactions of 1 in 20,000–47,000 transfusions. Therefore, not 
all individuals with IgA deficiency and anti-IgA have anaphylactic reactions. In addi-
tion, reactions have been seen in IgA-deficient patients without detectable anti-IgA. 
Thus, it may be prudent to monitor closely IgA-deficient individuals for severe allergic 
reactions, especially those with concomitant anti-IgA, but it is likely unnecessary to 
restrict them to washed or IgA-deficient products without a trial of unmodified blood 
products.

prophylaxis for patients with IgA deficiency and history of Anaphylactic 
reactions: Patients with IgA deficiency and anti-IgA who have a history of ana-
phylactic reactions may need to receive IgA-deficient products obtained from IgA- 
deficient donors, or washed products. red blood cell and platelet products can be 
washed to remove plasma; some methods of washing remove more plasma than others,  
and patients with severe reactions likely require a method to remove the majority of 
plasma. Plasma and cryoprecipitate must be collected from an IgA-deficient donor; 
these products must be obtained specially from the blood supplier, and take time to 
acquire. Plasma derivatives contain variable amounts of IgA, and therefore an IgA-
deficient product should be carefully selected for these patients. In addition, premedi-
cation with steroids and antihistamines may be warranted. Lastly, autologous donation 
can be considered if the patient is eligible to donate and has specific future needs, such 
as an impending surgical procedure.
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Acute hemolytic transfusion reactions
Cassandra D. Josephson, MD and Christopher D. hillyer, MD

C h A p t e r  55
transfusion of incompatible red blood cells (rBCs), or significant amounts of 
incompatible plasma, can lead to efficient antibody–antigen binding in the recipient, and 
if the antigen–antibody complex efficiently binds C1q then a cascade of complement 
protein activation can occur which can rapidly lead to intravascular hemolysis. this 
adverse event during or following transfusion is termed an acute hemolytic transfusion 
reaction (Ahtr) or an acute immunohemolytic transfusion reaction. Ahtrs can lead to 
minimal hemolysis with no clinical sequelae, or can result in brisk hemolysis, induction 
of disseminated intravascular coagulopathy (DIC), hypotension, and shock, followed 
by renal failure and/or death. Indeed, in a 10-year period ending in 1985, incompatible 
rBC transfusion accounted for 51% of transfusion-related deaths reported to the FDA.

the text below is divided into transfusion of incompatible rBCs and transfusion 
of significant amounts of incompatible plasma.

Transfusion of incompatible RBCs: transfusion of incompatible rBCs is most 
associated with a mistransfusion event. Mistransfusion is the term applied to a transfu-
sion event in which “the wrong blood is transfused to the wrong patient.” A more com-
prehensive definition of mistransfusion is:

“transfusion of a unit of blood that has been incorrectly typed, labeled, 
crossmatched, issued or transfused to a patient, or the transfusion of correctly 
manufactured and issued unit of blood that is administered to the incorrect 
patient.”

thus, transfusion service errors (typing, labeling, crossmatching and issuing) and 
patient identification errors (patient sampling for blood typing, or patient and unit 
identification at the time of transfusion [at the beside]) can lead to mistransfusion.

In extremely rare circumstances, non-ABO incompatible blood is administered 
knowingly. these include emergent clinical situations where the best rBC product 
available is incompatible with the recipient’s known antibody panel, and when auto or 
allo-antibodies are present that cannot be either identified or respected.

Incidence: Ahtr can occur from transfusion of ABO-incompatible blood as 
well as blood incompatible to other recipient rBC antibodies. the true incidence 
of ABO-incompatible transfusions is not known; up to 47% of ABO-incompatible 
mistransfusion events had no adverse effect, according to a notable study by Linden 
and colleagues. In that study, erroneous administration of blood products yielded an 
incidence of 1 : 12,000 and a fatality rate of 1 : 600,000–800,000. Another estimate sug-
gests that 1 in every 33,000 units is ABO incompatible due to errors made during the 
transfusion process. In a 2008 report by Janatpour and colleagues, ABO-incompatible 
transfusions were estimated at 1 : 38,000–1 : 100,000 transfusions, and the risk of death 
from Ahtr was 1 : 1.5 million. Death from mistransfusion has been reported to occur 
317
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in 2–7% of ABO-incompatible mistransfusion events, and approximately 10–30 recip-
ients die in the US each year from Ahtr.

the FDA reported that mistransfusion-related deaths totaled more than twice 
those due to all infectious hazards combined, and the UK surveillance system reported 
a mistransfusion rate that was 10 times higher than the rate attributed to infectious 
disease transmission.

Clinical manifestations: the most common signs and symptoms that occur dur-
ing Ahtr are presented in table 55.1. Fever is an important early manifestation of 
Ahtr, and it is for this that transfusion recipients are monitored during the initial 
minutes of blood product administration.

Table 55.1 Signs and Symptoms of acute hemolytic 
Transfusion reactions

Fever Nausea and vomiting

Chills Dyspnea

rigors hyper and hypotension

anxiety; feeling of doom hemoglobinuria

Facial flushing Oliguria/anuria

Chest and abdominal pain Pain at infusion site

Flank and back pain Diffuse bleeding

Pathophysiology:

Intravascular hemolysis: the transfusion of incompatible rBC antigens into recip-
ients who have the corresponding antibody can lead to hemolysis and Ahtr. Whether 
hemolysis occurs, and its degree and effects, are dependent on several elements. these 
include the class and subclass of the recipient antibody, the thermal range over which 
this antibody can fix complement, the number of rBCs transfused, the density of the 
corresponding antigen on the rBCs, the efficiency of the complement system, and the 
complement control proteins in the circulation.

Most Ahtrs are due to transfusion of ABO-incompatible rBCs into patients with 
the pre-existing, naturally-occurring anti-A and/or anti-B antibodies. these antibod-
ies are typically a mixture of IgM and IgG. IgM can efficiently bind C1q and initiate 
the complement cascade, leading to the formation of the membrane attack complex 
and erythrocyte lysis. Some IgG antibodies can fix complement efficiently as well, 
and are usually of the IgG1 and IgG3 subclasses; these can cause mild to fatal Ahtrs. 
thus, mistransfusion of minor rBC antigens typically in the Kell, Duffy and Kidd sys-
tems can cause Ahtrs, and these can be fatal as well.

DIC, blood Pressure fluctuation, shock and renal failure: the binding 
of complement and the activation of downstream complement proteins leads not 
only to hemolysis but also to the products of these events, including C3a and C5b. 
Complement fragments C3a and C5a induce the release of histamines, vasoactive 



Acute�Hemolytic�transfusion�reactions� 319
amines, bradykinins, and other inflammatory cytokines which can cause fever, hypo-
tension, wheezing, chest pain, nausea and emesis. Intravascular hemolysis produces 
three products: free hemoglobin, rBC stroma, and no-stroma proteins. All of these 
are released into the circulation during an Ahtr.

Free hemoglobin binds nitric oxide (NO) at a rate 1000 that of the rBC. this 
hemoglobin scavenging leads to decreased bioavailability of NO, and thus to vasocon-
striction and alterations in capillary response to hypoxia. rBC stroma can initiate acti-
vation of platelets and the coagulation cascade leading to DIC. rBC stroma has also 
been shown to increase blood pressure and is toxic to both the glomerulus and the 
renal tubule, and thus can cause acute renal failure. rBC stroma can therefore cause 
hypertension, DIC and renal failure.

Ultimately, the increased cytokines and hypotension stimulate a compensatory 
sympathetic nervous system response contributing to renal, splanchnic and cutane-
ous vasoconstriction that, in combination with the pathophysiology described above, 
leads to shock and circulatory collapse.

Diagnosis and evaluation: patients with severe Ahtr complain of lower back 
and flank pain and a feeling of dread, as per table 55.1. these may be early manifesta-
tions of changes in renal, neural and splanchnic blood flow. Signs include fever, and 
hyper- and/or hypotension. Blood specimens may reveal pink to red plasma, and thus 
evidence of intravascular hemolysis. together, these clinical findings are suggestive of 
an Ahtr, and require that the transfusion be immediately aborted and an evaluation 
by the transfusion service for an Ahtr started.

Evaluation by the transfusion service: the transfusion service should be imme-
diately informed when an Ahtr occurs or is being considered. A clerical check of 
the patient and product must be performed to determine if the incorrect blood type, 
product type or patient was transfused, and the blood product with all attached tub-
ing returned to the transfusion service. Blood samples are drawn from the recipient in 
order to visually inspect the specimen for hemolysis, perform a direct antiglobulin test 
(DAt), and confirm the patient’s ABO typing. In addition, a sample from the product 
is also retyped. the patient’s posttransfusion DAt testing may be positive for IgG and 
C3 (when IgM binds to rBCs it fixes complement, which remains on the rBC and is 
detected in the DAt). If the DAt is positive for IgG, an eluate may reveal IgG anti-A 
or anti-B. repeat ABO testing of the pretransfusion specimen should be performed.

the clinical laboratory evaluation includes an analysis of the recipient’s com-
plete blood count, serum bilirubin, creatinine and coagulation profile, and urine 
analysis for hemoglobinuria. the posttransfusion sample will show positive plasma 
free hemoglobin and decreased serum haptoglobin. Indeed, in anesthetized patients  
in whom an Ahtr occurs, hemoglobinuria may be the only finding suggestive of  
the Ahtr.

Other causes of acute hemolysis: Acute hemolysis can occur from transfusion of 
an improperly stored rBC product resulting in thermal (e.g. exposed directly to ice 
or placed on a heater), mechanical (e.g. constricted access lines or pressurized infu-
sions) or osmolar (e.g. hypotonic solutions or medications infused with the product) 
injury, and other conditions not related to the transfusion. patients with underlying 
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hemolytic anemia, such as those with sickle cell disease, thrombotic thrombocyto-
penic purpura or an implanted circulatory device, may have acute hemolysis which is 
not related to the transfusion.

management: Once the possibility of an Ahtr is recognized and the transfusion 
discontinued, supportive care is immediately instituted to manage hypotension and 
maintain adequate renal perfusion. these measures may include intravenous colloid 
or crystalloid (10–20 ml/kg of normal saline); a diuretic to maintain urine output 
between 30 and 100 ml/h or greater ( 1 ml/kg per hour); administration of low-dose 
dopamine (1–5 g/kg per minute) for hypotension; and, for active bleeding, the trans-
fusion of plasma, platelets and/or cryoprecipitate for DIC. Most textbooks suggest the 
use of mannitol to induce an osmotic diuresis, but the value of this intervention is not 
yet well studied.

sources of mistransfusion: Many opportunities for human error exist in the chain 
of events leading up to transfusion: the decision to transfuse; the component request; 
patient sampling; pretransfusion testing; collection of the component from stor-
age; and administration to the patient. Dzik described major “zones of error” in the 
transfusion process. In the first “zone,” which encompasses patient identification and 
pretransfusion testing, there are two broad categories of error: mislabeled samples and 
miscollected samples. Mislabeled samples do not meet the criteria for acceptance by the 
laboratory; miscollected samples contain the wrong patient’s blood (wrong blood in 
tube, or WBIt), but the samples appear to be labeled correctly and are accepted by the 
lab. WBIt occurs with a median frequency of 0.1–0.5 per 1000 samples.

Laboratory error accounts for approximately 30% of errors resulting in mistrans-
fusion. these errors, which occur in the “second zone,” include testing the wrong sam-
ple, transposing compatibility labels, errors in manual ABO grouping, and retrieving 
the wrong unit from the blood bank refrigerator. Laboratory errors are more likely to 
occur at night or on weekends, when there are fewer, often less experienced, staff.

the final bedside check to ensure that correct blood has been issued to the correct 
patient is the last “zone of error.” Administration of the wrong blood unit to the recip-
ient is the most common error leading to ABO-incompatible transfusions, accounting 
for 38% of incidents reported by Linden and colleagues in 2000, and 59% of ShOt-
reported incidents between 1999 and 2003. the bedside check is the last opportunity 
to intercept an erroneously issued unit of blood before it is transfused; however, fail-
ure to perform this check properly is common.

transfusion errors are a sentinel event (which is an unexpected occurrence result-
ing in death or a serious adverse event or the risk thereof) according to the Joint 
Commission. A sentinel event requires a root cause analysis to identify what hap-
pened, why it happened, and what factors (human, equipment, and/or environmen-
tal) contributed to its occurrence. In addition, an action plan must be developed in 
order to reduce the risk of the event reoccurring.

Prevention: Strict adherence to preransfusion bedside patient identification pro-
cedures to assure proper specimen collection will aid in preventing clerical errors 
and misidentification. Other prevention strategies include technological innovations 
aimed at reducing human error, including bar coding of blood components, patient 
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identification systems, and barrier systems. In addition, hemovigilance and/or qual-
ity assurance programs to monitor transfusion practices, investigate and analyze the 
root cause of adverse events, and reinforce physician and nurse transfusion practices 
improve transfusion safety.

Transfusion of significant amounts of incompatible plasma: Occurring 
less frequently, the passive transfer of donor high-titer anti-A and/or anti-B in plasma-
containing products (especially anti-A in group O products) results in hemolysis of 
the ABO-incompatible recipient’s rBCs (termed minor ABO mismatch), which can 
cause severe morbidity and mortality. the potential for this complication exists for 
every transfusion of an out-of-group plasma-containing product, owing to the passive 
transfer of anti-A, anti-B and/or anti-A,B.

transfusion of incompatible plasma most often occurs in the administration of out-
of-group platelets, most commonly group O platelets to a group A recipient, which not 
infrequently results in Ahtr. passive ABO antibodies can also occur in the admin-
istration of non-ABO identical whole blood product or sufficient volumes of group  
O rBC products (which contain a small volume of plasma) to a non-group O patient. 
these later situations most often result in a positive DAt and, rarely, a severe Ahtr.

Out-of-group platelet transfusion: this situation invariably occurs with the trans-
fusion of a group O platelet pheresis unit with high-titer anti-A to a group A recipi-
ent. the anti-A binds the A antigen on the rBC, starting the complement reaction 
and downstream events as above. these antibodies are only detectable in recipients 
when the donor antibody titers are high, and a hemolytic transfusion reaction may 
ensue when the plasma contains a high-titer antibody, and/or when large volumes of 
plasma are transfused in relation to the patient’s size (such as in neonatal or pediatric 
transfusions). the increased use of single-donor apheresis platelets in the US, coupled 
with the low availability of type-specific apheresis platelets, has likely led many adult 
hospital transfusion services to issue ABO-mismatched platelets that contain large 
plasma volumes and potentially high titers of isohemagglutinins. In the UK, however, 
all blood donations undergo anti-A IgM titer testing, and those with titers greater than 
1 : 100 dilution are labeled accordingly. hospital transfusion services are then aware 
that these products must be transfused only to group O recipients. Most US hospital 
transfusion services do not routinely measure isohemagglutinin titers (IgM or IgG) 
before transfusing ABO-mismatched platelets, although this practice has been recom-
mended by some. this is likely due to the lack of agreement of a “critical titer” that 
will predict in vivo hemolysis. the literature would suggest that titers between 16 and 
600 (IgM and IgG) may be clinically relevant. Case reports also support that over 60 
deaths have occurred from the transfusion of ABO out-of-group platelets.

the clinical manifestations, pathophysiology, diagnosis, and laboratory work-up 
and management are virtually identical to those described above for administration of 
incompatible rBCs, and include in addition determination of the antibody titer in the 
platelet product.

Prevention: Administration of out-of-group platelets would not be necessary if 
adequate supplies of type-specific platelets were regularly available. thus, an increase 
in efforts to maintain adequate inventories is needed by some blood centers and 
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transfusion services. If the situation does occur where only out-of-group platelets are 
available, the products can be screened for anti-A and those with low titers chosen 
for administration to a non-group O individual. Washed platelets will have very low 
residual titers of anti-A, yet washing results in 33% loss of platelets. In the eU, plate-
let additive solutions dilute the antibodies as there is minimal remaining plasma, and 
pathogen-reduction technologies also have wash steps or additive solutions that lead 
to little residual anti-A.
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C H A p T e R  56
Delayed hemolytic transfusion reactions (DHTRs) occur 3–10 days after the  
transfusion of RBC products that appear to be serologically compatible. These reac-
tions occur in patients who have been alloimmunized to minor RBC antigens during 
previous transfusions and/or pregnancies; pretransfusion testing fails to detect these 
alloantibodies due to their low titer. Following re-exposure to antigen-positive RBCs an 
anamnestic response occurs, with a rapid rise in antibody titer. Decreased survival of the 
transfused RBCs may result, primarily due to extravascular hemolysis. In the majority 
of cases, however, anamnestic antibody production does not cause detectable hemoly-
sis. The term delayed serologic transfusion reaction (DSTR) defines reactions in which 
an anamnestic antibody is identified serologically, in the absence of clinical evidence of 
accelerated RBC destruction. Antigens implicated most often in DHTRs and DSTRs are 
in the Kidd, Duffy, Kell and MNS systems, in order of decreasing frequency.

Incidence: In combination, DHTRs and DSTRs occur in approximately 1 in 1500 
transfusions, with DSTRs occurring up to four times more often than DHTRs.

Clinical Manifestations: DHTRs are characterized clinically by an unexpected 
drop in hemoglobin or a less than expected posttransfusion increment in hemoglobin 
following transfusion. This diagnosis should be considered days to weeks after transfu-
sion, although hemolysis may be more prolonged. Symptoms of extravascular hemolysis 
may include fever, chills, jaundice, malaise, back pain and, uncommonly, renal failure. 
Additionally, patients with sickle cell disease may experience vaso-occlusive pain as a 
result of a DHTR.

Pathophysiology: A minority of patients exposed to foreign RBCs, either during 
previous transfusions or during pregnancies, may become sensitized to minor RBC 
antigens. The primary immune response, which occurs over weeks to months, is typi-
cally not clinically significant. Alloantibody titers to these RBC antigens may decrease 
over time in the patient’s plasma without continued exposure to the inciting antigen(s), 
resulting in negative pretransfusion antibody screening. However, transfusion of 
offending antigen-positive RBCs may lead to an amnesic response, resulting in rapid 
production of IgG antibody. This antibody, in turn, may lead to primarily extravascular 
hemolysis. Thermal range, antibody specificity and IgG subclass are three factors that 
influence the severity of the DHTR. Those antibodies that react at 37°C in vitro are 
more likely to result in hemolysis.

Diagnosis: To investigate a suspected DHTR, posttransfusion specimens should be 
evaluated for antibody identification and direct antiglobulin (DAT) studies. A posi-
tive antibody screen with a newly identified alloantibody and/or a positive DAT will 
help confirm the reaction; the DAT may show a mixed field reaction, with transfused 
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cells but not autologous cells being coated with antibody. A DAT should be performed 
with both anti-IgG and anti-C3 reagents. If the DAT is positive for IgG, then eluate 
testing should be pursued to identify the specificity of the RBC coating antibody. 
Supplemental serologic testing may be necessary to confirm the diagnosis. This test-
ing includes repeating the antibody screen and a DAT on the pretransfusion specimen 
(retained in the blood bank), to ensure the previous results were not erroneous; estab-
lishing the phenotype on a pretransfusion specimen may also be helpful. Additionally, 
the RBCs from the transfused product (stored within a “segment” retained in the 
blood bank) should be phenotyped for the antigen corresponding to the newly identi-
fied antibody.

Other laboratory findings suggestive of a DHTR include reticulocytosis, unconju-
gated hyperbilirubinemia, and urine urobilinogen. In patients with sickle cell disease, 
an unexpected decrease in the relative proportion of transfused (Hgb A) RBCs pro-
vides additional support of a potential DHTR. Although DHTRs primarily involve 
extravascular hemolysis, some antibodies may fix complement and cause intravascular 
hemolysis. In such instances hemoglobinuria may also be present, along with elevated 
serum LDH and decreased haptoglobin.

Delayed serologic transfusion reactions are often first identified in the blood bank, 
when a posttransfusion antibody screen performed three or more days following 
transfusion is determined to be positive. Close communication with the clinical team 
is indicated in such instances, to confirm the reaction is solely serological and not 
hemolytic.

Differential Diagnosis: Newly formed autoantibodies must be included in the dif-
ferential diagnosis when a positive antibody screen and a positive DAT are present in 
a recently transfused patient. An additional consideration is the fact that alloantibody 
formation may lead to the development of autoantibodies; the detection of autoan-
tibodies following a DHTR is not uncommon. These RBC autoantibodies are often 
transient, but may result in hemolytic anemia. DAT positivity beyond 3–4 months fol-
lowing transfusion (and thus beyond the lifespan of the transfused RBCs) supports 
the diagnosis of the presence of autoantibodies.

In patients with sickle cell disease, other causes of increased RBC destruction 
must also be included in the differential diagnosis of DHTR. These causes include 
fever, underlying disease, or hypersplenism. The serologic evaluation in such patients, 
including antibody screen and DAT, would be expected to be negative.

Timeline of DHTR: Table 56.1 details the timeline of a DHTR. Following such 
a reaction, a transfusion report should be generated by the medical director of the 
blood bank that includes the testing results and the final classification of the suspected 
adverse event.

Management: Specific treatment is usually not necessary unless symptomatic ane-
mia is present. In those cases, additional RBC transfusions with RBC products that lack 
the identified antigen corresponding to the newly developed alloantibody may be nec-
essary. However, if the transfusion is ordered prior to specificity identification of the 
newly formed antibody, the risk of hemolysis must be weighed with the benefits to be 
gained by transfusion. The clinician and the blood bank/transfusion service physician 
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should be in close communication regarding this situation. If jointly they decide to 
transfuse in this situation, sufficient hydration and close monitoring should be per-
formed in light of the risk of ongoing hemolysis.

Prevention: To prevent DHTRs and DSTRs, the AABB Standards for Blood Banks 
and Transfusion Services mandates permanent preservation of all records of poten-
tially clinically significant antibodies, as well as a review of previous records prior to 
RBCs being issued for transfusion. Once a clinically significant antibody has been 
identified, the patient should receive offending antigen negative units for all future 
RBC transfusions. The 3-day interval requirement for RBC type and screening of 
hospitalized patients is based on the finding that anamnestic antibody responses may 
occur within 3 days of a transfusion.

Some patients (such as those with sickle cell disease) may require additional anti-
gen matching to prevent further alloantibody formation once RBC alloimmunization 
has occurred. By prospectively avoiding incompatibility to C, e and K antigens, the 
alloimmunization rate among chronically transfused sickle cell disease patients was 
reduced from 3% to 0.5% per transfused RBC unit in the Stroke prevention Trial in 
Sickle Cell Anemia, and hemolytic transfusion reactions were reduced by 90%.

Hyperhemolytic Transfusion Reaction: Hyperhemolytic transfusion reaction 
(HHTR) have been reported in patients with sickle cell disease, thalassemia and other 
diseases. In these serious reactions, both donor and recipient RBCs are destroyed, 
leading to more severe anemia than was present prior to transfusion. In addition, 
such patients may have reticulocytopenia. Some patients may have alloantibodies or 
autoantibodies, but others have no detectable antibodies to RBC antigens. Similar 
reactions may occur after subsequent transfusion even if the RBCs are extensively 

Table 56.1 Time line of DHTR

Time(days) Event Explanation

0 Pretransfusion antibody screening 
negative

antibody titer below detectable 
levels

1 RbC transfusion

3–10 Clinical signs of hemolysis may appear accelerated destruction of 
transfused donor RbCs

10–21 Posttransfusion sample: positive DaT  
and positive antibody screen due to  
newly detected antibody

antibody titer increases

 21 DaT may become negative antibody-sensitized donor RbCs 
removed from circulation

21–300 DaT may persist as positive; eluates 
may reveal alloantibody specificity or 
panagglutination

alloantibody binding non-
specifically to autologous RbC, 
or development of a warm 
autoantibody

Modified from Hillyer CD, Silberstein Le, Ness pM, et al. (eds). (2007). Blood Banking and Transfusion Medicine: 
Basic Principles & Practice, 2nd edition. San Diego, CA: elsevier.
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phenotypically matched. possible mechanisms include bystandard hemolysis, eryth-
ropoiesis suppression, and RBC destruction secondary to contact lysis via activated 
macrophages. Bystandard hemolysis is thought to be an immune mediated hemo-
lysis, where the RBC does not carry the antigen for which the antibody is directed. 
Treatments for patients with HHTRs have included erythropoietin, intravenous 
immunoglobulin, steroids, and plasma exchange.
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c H a P T E R  57
Traditionally referred to as “volume overload,” transfusion-induced cardiogenic 
pulmonary edema has more recently been called transfusion-associated circulatory 
overload (Taco). as the name implies, Taco results from circulatory overload fol-
lowing transfusion of blood products, and is due to the inability of the recipient to 
compensate for the volume of the transfused product. It is likely the most common 
transfusion reaction, and can be severe.

Incidence: Taco is estimated to occur in up to 1% of transfusions, with rates of 
up to 8% reported in certain elderly orthopedic surgery patients. Unlike transfusion-
related acute lung injury (TRaLI), Taco is not associated with an immune mechanism 
and is not any more likely to be associated with the transfusion of plasma-containing 
products. Epidemiologic data suggests that Taco may be more prevalent in patients 
that are very young, elderly and/or female, with underlying cardiac dysfunction or a 
positive fluid balance.

Clinical manifestations: Symptoms of Taco include dyspnea, orthopnea, cough, 
chest tightness, cyanosis, widened pulse pressure, hypertension, congestive heart fail-
ure, and headache. Taco generally occurs towards the end of a transfusion, but may 
occur up to 6 hours afterwards. Patients at highest risk for Taco include those with 
diminished cardiac reserve or renal failure, and those receiving large volumes of blood 
products in relationship to their blood volume within a short period of time.

Pathophysiology: Taco is caused by the inability of the cardiopulmonary system 
in the recipient to tolerate the volume or rate of the transfusion. Thus, Taco repre-
sents cardiogenic pulmonary edema.

Diagnosis: Physical examination of patients with Taco reveals lung crackles and 
rales, elevated jugular venous pressure, and possibly an S3 gallop as a result of volume 
overload. chest X-ray may show alveolar and interstitial edema, Kerley B-lines, pleural 
effusions, or cardiomegaly. Brain natriuretic peptide (BNP), a peptide secreted from the 
ventricles in response to increased filling pressures (and used to aid in the diagnosis of 
congestive heart failure), may also be used to aid in the diagnosis of Taco. In a study 
by Zhou and colleagues, BNP was shown to have a sensitivity of 81% and a specificity of 
89% if the posttransfusion to pretransfusion BNP ratio was at least 1.5 and the posttrans-
fusion BNP level was at least 100 pg/ml. In a recent case control series by Tobian and col-
leagues (2008), N-terminal pro-brain natriuretic peptide (NT-proBNP) was also shown 
to be a sensitive (93.8%) and specific (83.8%) marker for Taco. Elevated posttransfusion  
NT-proBNP (a more stable BNP analyte) was the only independent variable for the 
diagnosis of Taco after multivariate logistic regression analysis in this study.
327
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Differential Diagnosis: The diagnoses of both TRaLI and Taco should be 
considered in any patient who develops respiratory difficulty during or soon after a 
transfusion (see chapter 58 for further details on TRaLI; Table 57.1 compares and 
contrasts TRaLI and Taco). Patients with TRaLI typically do not have evidence of 
volume overload, nor do they respond to diuretics or have elevated an BNP. Bacterial 
contamination, anaphylaxis, and acute intravascular hemolysis should also be in the 
differential diagnosis of respiratory distress occurs following transfusion.

Table 57.1 Comparison between TRalI and TaCO

TRALI TACO

Clinical manifestations Dyspnea, respiratory distress, 
hypoxia, pulmonary edema, fever, 
tachycardia, hypotension (within  
6 hours of a transfusion).

Dyspnea, respiratory distress, 
hypoxia, orthopnea, hypertension, 
jugular venous distention, 
congestive heart failure (during or 
soon after a transfusion).

Pathophysiology antibody mediated (anti-Hla or 
anti-HNa antibodies, typically 
against recipient antigens), lipid 
mediated, or other.

Volume overload.

Chest X-ray and 
laboratory findings

Chest X-ray may show bilateral 
infiltrates in interstitial and alveolar 
spaces, lack of cardiomegaly. No 
elevation in bNP.

Chest X-ray may show alveolar 
and interstitial edema, Kerley 
b-lines, pleural effusions, or 
cardiomegaly. elevated bNP or 
post/pre bNP ratio.

Treatment Stop transfusion. Supportive care, 
including oxygen and possibly 
ventilatory support. Diuretics 
typically aren’t effective.

Stop transfusion. Supportive care, 
including diuretics. Sit patient 
upright. Consider phlebotomy in 
severe cases.

Reporting Report to transfusion service for 
transfusion reaction evaluation. 
Transfusion service will report 
reaction to donor center for  
further evaluation (including  
donor screening for anti-Hla  
and anti-HNa antibodies).

Report to transfusion service for 
transfusion reaction evaluation.

Future transfusion 
considerations

avoid further transfusions from  
the implicated donor.

Transfuse future blood products 
more slowly (possibly even in split 
units, each to be transfused over 
3–4 hours). Consider  
pre-emptive diuretic therapy.

management: It is critical that the transfusion be stopped if the patient develops 
respiratory distress. a transfusion reaction should be reported to the blood bank, 
where an initial investigation will be undertaken. Diuretic therapy is the main treat-
ment for Taco. other supportive care measures include supplemental oxygen as nec-
essary, and sitting the patient upright. In rare instances, phlebotomy may be necessary.
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Prevention: consideration should be given to transfusing future blood products at 
reduced rates. It may be necessary to split future blood products into two sterile aliq-
uots, and infuse each split over 4 hours.

Recommended Reading
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peptide is a useful diagnostic marker for transfusion-associated circulatory over-
load. Transfusion 48, 1143–1150.

Zhou L, Giacherio D, cooling L, Davenport RD. (2005). Use of B-natriuretic peptide 
as a diagnostic marker in the differential diagnosis of transfusion-associated circu-
latory overload. Transfusion 45, 1056–1063.
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C H a P T E r  58
Transfusion-related acute lung injury (Trali) is a clinical syndrome which 
presents as shortness of breath secondary to allogeneic transfusion, and can be accom-
panied by non-cardiogenic pulmonary edema, fever, and hypotension. although 
Trali has been reported following transfusion of virtually all blood products, it 
occurs most frequently with products containing more than 60 ml of plasma (i.e. 
plasma and platelet products). The incidence of Trali is estimated between 0.014% 
and 0.08% per allogeneic blood product transfused. There are no laboratory tests that 
define the diagnosis of Trali, and it is considered to be over-diagnosed (due to its 
non-specific findings) in some institutions and under-diagnosed (due to lack of suspi-
cion) in others. in the US, Trali is currently the leading cause of transfusion-related 
mortality reported to the FDa; this is changing due to aaBB guidance documents 
released in 2006 with requirements for implementation of Trali mitigation strate-
gies by November 2008.

Definition: The diagnosis of Trali is based on clinical and radiographic findings. 
To allow improved surveillance and clinical practice, a Canadian Consensus Panel 
defined criteria for “Trali” and “possible Trali” (Table 58.1). Trali is a new epi-
sode of acute lung injury (ali) that occurs during or within 6 hours of transfusion, 
which is not related to a competing etiology for ali. Competing etiologies for ali 
include aspiration, pneumonia, toxic inhalation, severe sepsis, shock, trauma, burn 
injury, cardiopulmonary bypass, drug overdose, and others.

Clinical manifestations: Signs and symptoms of Trali include sudden onset of 
respiratory distress, with dyspnea and tachypnea and typically acute hypoxemia, fever, 
tachycardia, and/or hypotension. Physical examination may reveal rales and dimin-
ished breath sounds, without other evidence of fluid overload.

Pathophysiology: The pathophysiologic mechanisms of Trali are not fully under-
stood, but it is generally agreed upon that the end result is an increased permeability 
of the pulmonary microcirculation such that high-protein fluid enters the intersti-
tium and alveolar air spaces. it is likely that both immunologic and non-immunologic 
mechanisms play a role, and that two or more “hits” must occur to induce full-blown 
Trali.

The primary proposed immunologic mechanism is the anti-Hla (or HNa) anti-
bodies in donor plasma reacting with recipient Hla (or HNa) antigens on recipient 
leukocytes (which may need to be primed by a coexisting process). This may lead to 
leukoagglutination or collection in the pulmonary vasculature, activation of the com-
plement cascade, and/or mobilization of cytokines affecting lung injury and fluid 
accumulation in the alveoli. it is also possible that the donor anti-Hla antibodies are 
directed against Hla antigens on recipient pulmonary interstitial cells. antibodies to 
331
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Hla class i and class ii antigens have been reported in the majority of Trali cases, 
with blood donated from multiparous women being most likely to contain these anti-
bodies. in about 15% of cases antibodies are not detected. This may be secondary to 
assay limitations or to a non-immunologic mechanism of Trali, which may be due to 
co-transfusion of other elements including biologically active lipids and/or cytokines 
that accumulate during storage.

Both the immune and non-immune mechanisms likely work via a proposed “two-
hit” mechanism: the first hit primes lung endothelium and/or leukocytes and is related 
to the patient’s underlying illness (e.g. sepsis), and the second hit is from antibody/
antigen binding and/or transfusion of granulocyte-activating lipids and/or cytokines.

Diagnosis: a high index of suspicion is necessary when considering the diagnosis 
of Trali, which should be considered in all cases of respiratory distress occurring 
during or soon after transfusion of blood products. Chest X-ray (CXr) often shows 
bilateral infiltrates involving both alveolar and interstitial spaces, without cardiome-
galy. if intubation is required, frothy pink secretions (consistent with acute respira-
tory distress syndrome, arDS) may be seen. There are no classic laboratory findings 
associated with Trali, but transient leukopenia, neutropenia, monocytopenia, and 
hypocomplementemia have been reported in some patients. it can, however, be dif-
ficult to distinguish Trali from other causes of respiratory compromise that occur 
around the time of transfusion, including transfusion-associated circulatory overload 
(TaCO; see Chapter 57, Table 57.1).

Differential Diagnosis: TaCO, which is caused by volume overload, can be diffi-
cult to differentiate from Trali. Signs of volume overload, including elevated jugular 

Table 58.1 Criteria for TRalI and possible TRalI

1. TRalI criteria
 a. alI
  i. acute onset
  ii. Hypoxemia
 Research setting:
  paO2/FiO2  300,
  or SpO2  90% on room air
 Non-research setting:
  paO2/FiO2  300
  or SpO2  90% on room air
  or other clinical evidence of hypoxemia
 iii. bilateral infiltrates on frontal chest radiograph
  iv. No evidence of left atrial hypertension (i.e. circulatory overload)
 b. No pre-existing alI before transfusion
 c. During or within 6 h of transfusion
 d. No temporal relationship to an alternative risk factor for alI

2. possible TRalI
 a. alI
 b. No pre-existing alI before transfusion
 c. During or within 6 h of transfusion
 d. a clear temporal relationship to an alternative risk factor for alI

From Kleinman S, Caulfield T, Chan P et al. (2004). Toward an understanding of transfusion-related acute lung 
injury: Statement of a consensus panel. Transfusion 44, 1774–1789.
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venous pressure, elevated systolic blood pressure, and tachycardia may be present with 
TaCO. additionally, brain natriuretic peptide (BNP), a peptide secreted from the ven-
tricles in response to increased filling pressures, may be elevated in TaCO. TaCO may 
respond to treatment with a diuretic, while Trali does not usually respond to diuretics.

management: it is critical that the transfusion be stopped if Trali is suspected, 
and a transfusion reaction reported to the blood bank where an initial investigation 
will be undertaken. Management of Trali is primarily supportive, with severe cases 
requiring mechanical ventilation. intravenous steroids have been utilized, but no pro-
spective studies exist analyzing their efficacy. although Trali is fatal in 5–10% of 
cases, the majority of Trali patients improve clinically within 48–96 hours. rarely, 
hypoxemia may persist for longer than 7 days.

Future transfusion considerations: Patients with a history of Trali should 
receive no future blood products from the implicated donor. in Trali cases where 
an antibody of donor origin is implicated, the patient is not thought to be at increased 
risk for future Trali episodes following the transfusion of products from other 
donors. However, in the minority of Trali cases where the implicated antibody is 
of recipient origin, the possibility exists that the patient may be at increased risk for 
future Trali episodes upon exposure to subsequent transfusions. although leukore-
duction of cellular products has been suggested in this subset of patients to decrease 
Trali risk, no evidence exists at this time.

Donor/recipient investigation: Following a potential case of Trali, the trans-
fusion service should notify the blood collection facility, which investigates the preg-
nancy and/or transfusion history of the donor, along with determining if the donor has 
antibodies to Hla class i or ii, or HNa antigens. in cases where donor antibodies are 
discovered, the patient is typically antigen tested to see whether an antibody/antigen 
interaction could possibly have occurred. aaBB Standards (5.4.2.1) require that donors 
implicated in Trali are evaluated regarding their continued eligibility to donate.

Prevention: Eder and colleagues analyzed american red Cross (arC) surveillance 
data on Trali fatalities from 2003 to 2005. Of the 38 probable Trali cases, 63% 
were following plasma transfusion (odds ratio 12.5, 95% Ci 5.4–28.9 as compared to 
rBCs), and a female, antibody-positive donor was significantly more likely to be asso-
ciated with probable Trali than with unrelated cases (Or 9.5, 95% Ci 2.9–31.1). in 
2003, the UK began preferentially transfusing plasma from male donors in an attempt 
to decrease the transfusion of anti-Hla antibodies from multiparous women and 
thus decrease the incidence of Trali. in 2006, the arC started implementation of a 
similar plan for male-only plasma.

also in 2006, the Trali Working Group (aaBB) recommended that hospital 
transfusion services and blood collection facilities implement Trali mitigation strat-
egies. Specifically:
l it was recommended minimizing the preparation of high plasma-volume compo-

nents from donors known to be leukocyte-alloimmunized or at increased risk for 
leukocyte alloimmunization

l high plasma-volume components were defined as plasma (FFP, FP24, thawed plasma, 
and cryoprecipitate reduced plasma) obtained from whole blood or apheresis,  
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apheresis platelets, buffy-coat derived platelets resuspended in plasma from one of 
the donors in the pool, and whole blood, and

l measures related to plasma components and whole blood should be undertaken 
by blood collection facilities by November 2007, with implementation of measures 
related to platelet components by November 2008.
a number of approaches were offered to accomplish these Trali mitigation strat-

egies, including the use of only male donors in preparation of these components (e.g. 
“male-only plasma”), with female plasma being preferentially diverted for further 
manufacturing. Many blood centers have adopted and implemented this strategy. if 
it were determined that the use of male-only donated products would compromise 
component availability, then high plasma-volume components from female donors 
could be used if they were selected in such a way as to minimize their risk of Hla or 
HNa alloimmunization, including nulliparous donors as well as those female donors 
with negative Hla/HNa antibody testing.

at the time of this writing, optimal methods for Hla/HNa antibody testing and 
appropriate nominal background values to define a positive result are not known, 
and automated platforms are not yet available. it is known, however, that using only 
male donors for production of apheresis-derived platelets would significantly reduce 
platelet component availability, and that the prevalence of Hla alloimmunization 
increases with parity which, if used as a selection criterion, would lead to the defer-
ral of 25–35% of female donors. Thus, strategies for Trali prevention must carefully 
weigh supply/demand issues with safety issues, taking into account that not all Trali 
cases are associated with the transfusion of products from female donors or the trans-
fusion of Hla or HNa antibody positive products, and also that not all male donors 
are Hla or HNa antibody negative.

recommended reading
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Bacterial contamination of blood products may result in bacterial infection, sepsis 
and death in the recipient; as a group, these can be referred to as septic transfusion 
reactions. the highest-risk blood products are platelets, because they are stored at 
room temperature in a protein- and oxygen-rich environment. In 2004, implementa-
tion of techniques to limit and detect bacterial contamination of platelet products was 
mandated. this has resulted in a significant decrease of these reactions, though the 
exact residual risk is not known.

Septic reactions usually occur in products stored for longer periods of time second-
ary to a lag phase followed by an exponential phase of bacterial growth. For platelet 
products, more severe reactions occur in transfused products which have been stored 
for 4–5 days after collection. For rBC products, more severe reactions occur after 3–4 
weeks of storage. Septic reactions secondary to frozen products usually result from 
contamination of the water bath, and are rare.

Incidence:

RBC products: the rate of bacterial contamination is 2.6 in 100,000 rBC prod-
ucts transfused, and the rate of septic transfusion reactions is 1 in 250,000 products 
transfused. the incidence is low, secondary to poor viability of most bacteria during 
storage at 1–6°C, yet these reactions are associated with a high mortality rate.

platelet products: the incidence of bacterial contamination is largely based on 
passive reporting systems using a variety of bacterial testing methodologies. Prior to 
implementation of the requirement by the AABB for limiting and detecting bacterial 
contamination, contamination was estimated at 1 : 1000 to 1 : 3000 platelet compo-
nents; the risk of septic reactions was 1 : 40,000 and 1 : 240,000 for fatalities. recently, 
Eder and colleagues (2007) reported ArC bacterial screening and septic transfusion 
data from the American red Cross (ArC); the estimated the residual risk (after imple-
mentation of bacterial culture) of septic reactions is 1 : 75,000, and of a fatality is 
1 : 500,000. therefore, the residual risk of septic transfusion reactions has decreased 
by approximately 50%. In this same study, the use of a diversion pouch (to collect the 
first flow of blood for testing samples) decreased the rate of septic transfusion within 
one collection center from 24 to 5 per 1,000,000 apheresis products, and all 3 fatali-
ties reported in the 27 months were from products not utilizing a diversion pouch. In 
addition, septic transfusion rates were higher in products which were stored longer; 13 
of the 20 septic reactions occurred in individuals who received platelets transfused on 
day 5 after collection, including all 3 fatalities.

plasma and Cryoprecipitate: Because plasma products and cryoprecipitate are 
stored frozen they are unlikely to contain viable bacteria, but there are cases of bacte-
rial contamination resulting from water baths used during thawing.
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Clinical manifestations: Bacterial contamination may result in none to mild 
clinical symptoms (e.g. fever or chills), or septic shock and even death. the symptoms 
occur close to the onset of transfusion. Septic transfusion reactions are characterized 
by a fever  38.5°C, rigors, hypotension (less often hypertension) and tachycardia. 
the patient may also experience nausea, vomiting, diarrhea and dyspnea, which may 
progress quickly to shock, disseminated intravascular coagulopathy (DIC), and renal 
failure with oliguria.

Diagnosis: Possible septic transfusion reactions are assessed by the transfusion 
service; both the blood product and the patient should be evaluated for the presence 
of bacteria. Evaluation of the transfused blood product for bacterial contamination 
includes visual examination, gram staining, and both aerobic and anaerobic micro-
bial culture. In addition, blood culture should be performed on the patient. Definitive 
diagnosis of transfusion-transmitted bacterial infection requires the isolation in cul-
ture of the same organism from both the blood product and the recipient. Septic 
transfusion reaction can be presumed when the patient has clinical signs of a septic 
reaction and the blood product culture is positive for bacteria yet the patient is cul-
ture-negative, or the patient is culture-positive but the product is culture-negative 
after the exclusion of other sources of contamination. the blood bank should contact 
the blood supplier to report the adverse event so the blood supplier can recall and cul-
ture other components from the same donation. the blood center may wish to notify 
a donor implicated in a contaminated unit with a non-skin flora organism, because of 
diseases associated with asymptomatic bacteremia.

Differential Diagnosis: the differential diagnosis of a septic transfusion reaction 
includes any transfusion reaction that results in fever, including febrile non-hemolytic 
transfusion reactions, hemolytic transfusion reactions and transfusion-related acute 
lung injury. In addition, other causes of sepsis in the recipient should be considered.

Treatment:
l Stop the transfusion immediately and keep IV access open.
l resuscitate the patient as needed (shock).
l Begin empiric broad-spectrum antibiotics (pending organism identification).
l Collect blood cultures (opposite arm from transfusion site).
l Send blood product bag for gram stain and culture.

Contamination source: Bacterial contamination may result from skin contami-
nation, asymptomatic bacteremic donor, collection packs, or blood processing.

Organisms:

RBC products: Yersinia enterocolitica is responsible for 60% of the reported cases 
of rBC-associated sepsis, of which 70% are fatal. Yersinia enterocolitica is contracted 
from contaminated food, and causes abdominal pain and diarrhea. Other organisms 
associated with rBC septic reactions include Enterobacter spp., Campylobacter spp., 
Serratia spp., Pseudomonas spp. and Escherichia coli.

platelet products: Bacterial contamination is secondary to skin flora in approxi-
mately 75% of cases, especially Staphylococcus spp., and asymptomic bacteremia in 
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the donor in the remaining cases. In the ArC study cited above the majority of cases 
were caused by Staphylococcus spp. (especially coagulase-negative Staphylococcus), but 
other causative organisms included Enterococcus fecalies, Enterobacter aerogenes and 
Psudomonas fluorescens. the majority of fatalities reported to the FDA were mostly 
from gram-negative organisms (e.g. Enterobacteriacea).

Frozen Blood products: Burkholderia cepacia and Pseudomonas aerognosa have 
been isolated from products thawed in a contaminated water bath.

Prevention: AABB Standard 5.1.5.1. requires limiting and detecting bacterial con-
tamination in platelet products. Methods to fulfill this requirement include donor 
screening, improved skin disinfection and diversion of the initial aliquot of blood 
collected, along with screening tests such as automated culture systems, chemilu-
minescent probes for bacterial nucleic acids and antigens (i.e. lipoteichonic acid for 
gram-positive bacteria and lipopolysaccharide for gram-negative bacteria), immu-
noassays, gram staining, ph and glucose detection, and swirling; these tests have 
varying sensitivity. Pathogen reduction and inactivation technologies, which nearly 
eliminate the risk, are available for platelet and plasma products outside of the US 
(Chapter 17).

Culture methods are performed in the blood center prior to release of the prod-
uct, which may delay its release for up to 48 hours. this delay of release shortens the 
usable, in-hospital shelf-life of the platelet product (which has a 5-day total shelf-life). 
Interestingly, the majority of septic transfusion reactions from platelets, especially 
fatal reactions, occur on day 4 or 5 of storage. the Post Approval Surveillance Study 
of Platelet Outcomes, release tested (PASSPOrt) study cultured apheresis platelet 
products at 24 hours and performed surveillance cultures at 7 days (http://www.pass-
portstudy.com/). Data from other published reports reported up to 50% of bacterially 
contaminated platelets not being detected through culture at 24 hours after collection; 
because these undetected contaminated platelets may result in increased risk after 
increased length of storage time, the decision was made to halt the study.

Culture methods are able to detect less than 102–3 CFU/ml. Assays performed at 
the point of issue, and usually within the transfusion service, have lower sensitivity, 
but are more rapid and can be performed within approximately 20 minutes. Point-
of-issue tests such as metabolic assays (e.g. swirling, ph, glucose and oxygen) detect  
106–7 CFU/ml, Gram stain detects 106 CFU/ml, and one chemiluscent test detects 
103–5 CFU/ml.

Until recently in the US, whole blood derived platelets could not be pooled and 
stored prior to issue (i.e. at the blood center prior to distribution to the transfusion 
service). A new system allows for pre-storage pooling, and bacterial detection by cul-
ture method, of leukoreduced whole blood derived platelet products. Prior to this sys-
tem, point-of-issue testing methods were used in the majority of whole blood derived 
platelet products in the US. Outside of the US, alternate and automated systems are 
available for pre-storage pooling and bacterial testing of whole blood derived plate-
lets. the ability to pre-storage pool and test for bacterial contamination eases the 
use and safety of this product, because culture methods are more sensitive and pre- 
storage pooling can be performed at the blood center rather than pooling at the time  
of issue.

http://www.passportstudy.com/
http://www.passportstudy.com/
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Metabolic, hypotensive and other acute 
reactions and complications
Beth h. Shaz, MD

c h a P T e r  60
Metabolic complications occur quite frequently, especially when large volumes of 
blood products are transfused. hypotensive reactions, back pain and red eye syndrome 
occur infrequently, and have been associated with the use of leukoreduction filters.

Metabolic complications of transfusion: Metabolic complications of blood 
transfusion are most often seen in neonates or in circumstances in which large vol-
umes of blood products are transfused, such as massive transfusion (see chapter 50). 
The category of “metabolic complications” typically includes acidosis, citrate toxicity, 
hyperkalemia, hyperammonemia and hypothermia.

Pathophysiology: Metabolic complications are secondary to blood product stor-
age in the cold (1–6°c), citrate within the anticoagulant/preservative solution, and the 
rBc storage lesion; together these three elements may result in hypothermia, hypo-
calcemia, acidosis, hyperkalemia and hyperammonemia. changes in rBcs during 
storage include decrease in aTP and 2,3-DPG, and increase in hemolysis, lactate and 
ammonia, while, in the supernatant fluid, increases in potassium and decreases in ph, 
sodium and glucose are observed. In addition, irradiation of rBc products increases 
the amount of potassium in the supernatant over time.

Hypothermia: hypothermia has a range of effects, including the following:
1. Decreases in tissue oxygenation due to increases in hemoglobin’s affinity for  

oxygen, which can result in a metabolic acidosis;

2. Increases in the metabolic rate, resulting in increased oxygen consumption;

3. Impairment of the metabolism of citrate and some medications;

4. Inhibition of coagulation factor enzymatic reactions and disruption of platelet 
function leading to a bleeding diathesis; and

5. Induction of ventricular arrhythmias when large volumes of cold blood are infused 
through a central catheter in close proximity to the cardiac conducting system. This 
risk is exacerbated by coexisting hypocalcemia and hyperkalemia.

Hypocalcemia: hypocalcemia is a result of citrate (i.e. citric acid) in the anticoagu-
lant solution, as citrate chelates calcium to prevent blood from clotting. citrate (an 
acid) is metabolized primarily in the liver through the Krebs cycle, which results in 
the release of bicarbonate (a base), which is subsequently excreted by the kidneys. 
recipients are at increased risk of hypocalcemia if the amount of citrate is large, 
such as in massive transfusion or apheresis, or if the recipient is unable adequately to 
metabolize the citrate secondary to hypothermia or liver failure. In addition, metabolic 
alkalosis may result if the bicarbonate cannot be excreted, such as in renal failure.
339
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Clinical features: hypothermia causes increased oxygen requirements, impaired 
metabolism of citrate and lactate, release of potassium, increased affinity of hemo-
globin for oxygen, and ventricular arrhythmias. citrate toxicity results in hypocalcemia, 
which causes paresthesias, nausea, hyperventilation and depressed cardiac function.

Diagnosis: Laboratory testing of ionized calcium, potassium, ammonia and ph can 
be used for diagnosis of hypocalcemia, hyperkalemia, hyperammonemia and acidosis.

Treatment: hypothermia can be treated with a blood warmer and other methods to 
keep the recipient warm. Symptomatic hypocalcemia can be treated with exogenous 
calcium replacement.

Prevention: Use of blood warmers and other patient-warming devices can mini-
mize hypothermia. Neonates and other at-risk patient populations for hyperkalemia, 
especially patients receiving large rBc volumes, can receive rBc products less than 7 
days old or washed older rBc products, and rBc products that are irradiated should 
be transfused within 24 hours or washed if greater than 24 hours has lapsed since irra-
diation. Slower infusion rates will decrease the risk of citrate toxicity.

Hypotensive reactions: hypotensive reactions are sudden decreases in systolic 
or diastolic blood pressure of at least 30 mmhg occurring usually within 10 minutes 
of starting the transfusion. The FDa issued a letter in May 1999 to alert the public 
about hypotensive reactions and bedside leukocyte reduction filters after receiving 
over 80 reports of these events. hypotensive reactions are most commonly seen with 
the use of negatively-charged bedside leukoreduction filters for platelet transfusions 
in patients receiving ace inhibitors, but not exclusively so. In addition, hypotensive 
reactions are seen in patients undergoing extracorporeal blood processing procedures 
such as hemodialysis and therapeutic apheresis. Notably, most transfusion recipients 
taking ace inhibitors do not have hypotensive reactions.

Pathophysiology: hypotensive reactions are thought to be due to bradykinin and 
des-arg-bradykinin, which are two vasoactive kinins that are generated by activation 
of the contact system. activated Factor XII (hageman Factor) converts prekallikrein to 
kallikrein, which cleaves kininogen and releases bradykinin, which causes hypotension 
and edema by activating B2-kinin receptors on the vascular endothelium through the 
release of endothelium-derived nitric oxide, prostacyclin, and endothelium-derived 
hyperpolarizing factor. Bradykinin is rapidly inactivated by angiotensin-converting 
enzyme (ace); however, ace inhibitors hinder this process. originally, hypotensive 
reactions were reported with the use of negatively-charged bedside leukoreduction 
filters, which causes kinin activation. Subsequently, hypotensive reactions have been 
reported with positively-charged bedside leukoreduction filters. In addition, other 
causes postulated are blood warmers and other patient-specific factors. Lastly, cases 
have been reported without ace inhibitor therapy.

Clinical features: hypotensive reactions are a sudden decrease of systolic or 
diastolic blood pressure of at least 30 mmhg occurring within 1 hour (usually within 
10 minutes) of starting the transfusion. In addition, patients may have facial flushing, 
abdominal pain and nausea, loss of consciousness, respiratory distress and shock. In 
most cases, the hypotension resolves when the transfusion is discontinued.
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Diagnosis: The diagnosis is based on the clinical symptoms. hypotensive reac-
tions should be differentiated from other transfusion reactions where hypotension is 
present, such as transfusion-related acute lung injury (TraLI), which would have res-
piratory findings consistent with pulmonary edema and fever; and allergic reaction, 
which would have respiratory findings, cutaneous findings, and possibly gastrointes-
tinal symptoms.

Treatment: hypotensive reactions require immediate intervention, including stop-
ping the infusion and providing supportive care. once the transfusion is discontinued, 
the symptoms typically promptly disappear. Supportive care may be necessary until 
the patient recovers fully.

Prevention: The majority of hypotensive reactions can be prevented by avoiding the 
use of bedside leukoreduction filters. as the majority of blood components within the 
US is pre-storage leukoreduced, this complication is currently seen infrequently.

red eye syndrome: The american red cross detected 159 “red eye” reactions in 
117 patients receiving rBc products leukoreduced from a specific leukoreduction 
filter between January 1997 and 1998. These patients exhibited bilateral conjunctival 
injection or hemorrhage, usually within 24 hours of transfusion, and the symptoms 
lasted approximately 5 days.

Pathophysiology: The mechanism of these reactions is unknown, but most of the 
reactions have been reported with specific lots of a specific type of leukoreduction fil-
ter which contains cellulose acetate membranes. Possible explanations include aller-
gic responses to a component in the system, or direct effect of a chemical, material or 
product in the system.

Clinical features: These reactions occur usually within 24 hours of rBc transfu-
sion, and are characterized by bilateral erythema of the conjunctiva and eyelids, in 
addition to possible conjunctival hemorrhage, eye pain, photophobia, decreased visual 
acuity, headache, periorbital edema, arthralgias, nausea, dyspnea and rash. Symptoms 
usually resolve within 3 weeks, with a median duration of 5 days. These reactions are 
seen more commonly in patients who have received more than three leukoreduced 
rBc products.

Diagnosis: The diagnosis is based on the clinical symptoms.

Treatment: Treatments have included topical eye drops, including steroids, antimi-
crobials and artificial tears. No long-term sequelae have been reported.

Prevention: The implicated leukoreduction filter has been removed from the market.

Back pain: In 2000, the american red cross received reports of 29 reactions of 
acute back pain during rBc transfusion in 18 patients. These episodes were associ-
ated with a specific leukoreduction filter, premedication, and outpatient transfusion.

Pathophysiology: The mechanism of these reactions is unknown, but patients who 
received outpatient transfusions, premedication or a specific fiberglass-containing leu-
koreduction-filtered rBc units were at increased risk.
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Clinical features: These reactions were characterized by severe back pain with 
additional symptoms of chest pain, dyspnea, headache or flushing, usually occurring 
within 30 minutes of starting the transfusion. of the 18 patients, 3 required hospitali-
zation; 2 were admitted to the intensive care unit.

Diagnosis: The diagnosis is based on the clinical symptoms. other causes of acute 
back pain during transfusion include hemolytic transfusion reactions, which can be 
differentiated by finding evidence of hemolysis and rBc incompatibility.

Treatment: Immediate discontinuation of transfusion is recommended, as well as sup-
portive care.

Prevention: The likelihood of these reactions has been decreased by manufacturing 
changes.
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Posttransfusion Purpura
Alfred J. Grindon, MD

C H A P T E R  61
Posttransfusion purpura (PTP) is a rare complication of transfusion (reported in 
0.3 out of 100,000 components transfused in the UK) and typically occurs 2–14 days 
after RBC transfusion, resulting in acute, profound thrombocytopenia (platelet count 
 10,000/l). The thrombocytopenia is usually caused by antiplatelet antibodies, 
which destroy both transfused and autologous platelets.

Pathophysiology: PTP is an immune thrombocytopenia resulting from antiplate-
let alloantibodies, most often anti-HPA-1a (formerly PLA1) alone or in combination 
with antibodies to other platelet antigens invariably on the GPIIb/IIIa receptor com-
plex. The transfused product (usually RBCs, but platelet and plasma products have 
been implicated) contains the immunogenic platelet glycoprotein, which induces an 
anamnesic response. PTP occurs most frequently in women who were previously sen-
sitized during pregnancy, but sensitization from transfusion does occur. About 3% of 
the white population is homozygous for HPA-1b, yet the incidence of PTP is low, per-
haps because of the association of certain HLA class II types to the formation of anti-
HPA-1a as seen in neonatal alloimmune thrombocytopenia (NAIT). Interestingly, an 
increased risk of PTP in women who have previously had children with NAIT has not 
been reported. Women with a history of PTP may be at increased risk for having a 
fetus/neonate affected by NAIT. The antibody destroys both transfused and autolo-
gous platelets. The mechanism of destruction of autologous platelets is unknown; 
theories include: (1) the adsorption of donor-derived, soluble platelet glycoprotein on 
to the autologous platelets; (2) the immune response includes an autoimmune com-
ponent; and (3) the antibody produced cross-reacts with autologous platelets.

Clinical manifestations: The PTP patient presents with unexplained purpuric 
rash, bruising or mucosal bleeding 2–14 days after transfusion. There is a mortality 
rate of approximately 10% secondary to hemorrhage, and approximately 30% have 
major hemorrhage. The diagnosis is often delayed because of the interval between 
transfusion and disease onset. A febrile non-hemolytic transfusion reaction often 
occurs with the implicated transfusion. If untreated the disease is self-limited, with 
platelet count recovery occurring usually within 21 days.

Diagnosis: The differential diagnosis includes other diseases with rapid onset 
of severe thrombocytopenia, such as idiopathic thrombocytopenic purpura, drug-
induced thrombocytopenia, disseminated intravascular coagulopathy, and thrombotic 
thrombocytopenic purpura. The diagnosis is confirmed by the clinical presentation 
and the detection of platelet-specific alloantibodies. The majority of cases have HPA-
1a antibodies, but antibodies against many other HPA antigens have been reported, 
and occasionally multiple antibodies are present. Demonstration of platelet antibodies 
can be determined by ELISA, monoclonal antibody immobilization of platelet antigens 
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assay, and other assays. Documenting the patient’s platelet phenotype can be difficult, 
because of the presence of antibodies reacting with the endogenous platelets and the 
often severe thrombocytopenia. Genotyping for platelet antigens may be helpful, if 
available.

Treatment: The primary treatment is high-dose intravenous immunoglobulin 
(IVIG) (typically 2000 mg/kg over 2–5 days), resulting in a platelet count  100,000/l 
in 4–5 days, with an 85% response rate. The mechanism of action of IVIG may be Fc 
receptor blockade, non-specific binding of Ig to platelet surface, and/or acceleration of 
IgG catabolism. Plasma exchange was used before discovering the efficacy of IVIG. For 
those who do not respond, splenectomy has been performed. Corticosteroids appear 
to be ineffective. If the antibody specificity has been determined, platelets lacking the 
offending antigen (usually HPA-1a negative) have been used in bleeding patients with 
modest clinical improvement, though these platelets also have decreased survival.  
Co-administration of IVIG may improve the survival of the transfused platelets.

Prevention: Recurrence of PTP after a future RBC transfusion is uncommon, but 
has been reported. Some authorities have advocated the use of washed RBC prod-
ucts, or RBC and platelet products from corresponding antigen-negative donors, but 
the value of this practice is unclear. A report from the United Kingdom described a 
decrease in cases of PTP after implementation of universal leukoreduction, likely sec-
ondary to a decrease in platelets and platelet microvesicles in the leukoreduced RBC 
product.
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Transfusion associated graft versus host 
disease
Beth h. Shaz, Md and Christopher d. hillyer, Md

C h a P T e r  62
Transfusion associated graft versus host disease (Ta-gVhd), a rare and almost uni-
versally fatal complication of blood product transfusion, is due to the co-transfusion  
of viable lymphocytes in cellular blood products, such as whole blood, red blood cells, 
platelets, granulocytes and fresh plasma (not frozen plasma). If the immune system of 
the recipient cannot recognize and destroy the co-transfused lymphocytes, they can 
engraft and mount an immunologic response against the host, thus the term graft-
versus-host disease. There are two reasons that the recipient’s immune system can be 
limited in recognizing the co-transfused lymphocytes: (1) significant immunosuppres-
sion, and (2) planned or inadvertent hLa matching of the transfused blood product 
with the recipient. a number of technologies can abrogate the risk of Ta-gVhd in 
these two circumstances, including irradiation of the product, and pathogen-reduction  
(also called pathogen-inactivation) technologies. Both of these methods render 
the dNa in the co-transfused lymphocytes incapable of participating in cell divi-
sion. Thus, the co-transfused lymphocytes in cellular blood products treated with 
these modalities cannot engraft. It is critical to identify recipients who are at risk for  
Ta-gVhd and ensure products are so treated in order to prevent this lethal transfu-
sion complication.

Graft versus host disease: gVhd requires the infusion of viable lymphocytes 
that engraft in the recipient host and mount an immune reaction themselves. Viable 
lymphocytes are co-transfused in two situations: (1) the infusion of hematopoietic 
progenitor cells (hPC) harvested from bone marrow, peripheral blood or umbilical 
cord blood, for hPC transplantation; and (2) administration of cellular blood prod-
ucts for transfusion. hPC transplant-associated gVhd occurs in up to one-third of 
patients receiving allogeneic hPCs, and can be fatal. The hPCs cannot be irradiated as 
this would render the progenitor cells incapable of engrafting and thus defeat the pur-
pose of the transplant. Ta-gVhd occurs much less frequently, as the products can be 
irradiated without compromising the potency of the transfused product and because 
the dose of lymphocytes in transfused products is significantly smaller, especially in 
leukoreduced components.

Pathophysiology of TA-GVHD: The mechanism of Ta-gVhd is similar to that 
of acute gVhd after hPC transplantation. There are three separate phases of devel-
opment: phase one is conditioning, phase two is the afferent phase, and phase three 
is the efferent phase. The conditioning regimen results in tissue damage and activa-
tion of host tissues, which leads to production of inflammatory cytokines. The affer-
ent phase results in donor T-cell activation through antigen presentation, followed by 
proliferation, and then differentiation of activated T cells. The efferent phase results in 
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the release of inflammatory cytokines that attack host tissues and result in cell death 
and host tissue destruction. a study characterizing T-cell clones from a patient with 
Ta-gVhd demonstrated three types of clones; type I were Cd8 and specifically 
lysed cells that express hLa B52 (present on recipient and not donor), type II were 
Cd4 and specifically lysed cells that express hLa dr15 (present on recipient and 
not donor), and type III were Cd4 and had no cytotoxic activity yet proliferated in 
response to stimulation with cells that express hLa dr15.

HPC Associated versus TA-GVHD: Once co-administered viable lymphocytes 
have been infused with hPCs of blood products, they can engraft and mount an 
immune response against hLa-rich tissues and organs in the recipient. These hLa-rich 
tissues include the skin, liver and gastrointestinal (gI) tract, and the response is accom-
panied by fever due to release of inflammatory cytokines. Thus, symptoms of gVhd 
include the classic triad of erythema, liver dysfunction and gI symptoms, which occur 
between 4 and 30 days after hPC or blood product administration. Ta-gVhd, in con-
trast to hPC-associated gVhd, also recognizes the hLa-rich bone marrow cells of the 
recipient as foreign; thus, graft-driven destruction of the bone marrow can ensue, caus-
ing devastating pancytopenia. It is the pancytopenia of Ta-gVhd that differentiates it 
from hPC-associated gVhd and which makes it have a near 100% mortality.

Ta-gVhd in adults results in death within 3 weeks from symptom onset in over 
95% of cases. In neonates the clinical manifestations are similar, but the time between 
transfusion and symptom onset is longer than for adults: fever occurs at a median of 
28 days, rash at a median of 30 days, and death at a median of 51 days. In both groups, 
fever is usually the presenting symptom followed by an erythematous maculopapu-
lar rash, which typically begins on the face and trunk and spreads to the extremities. 
Liver dysfunction usually manifests as an obstructive jaundice or an acute hepatitis. 
gI complications include nausea, anorexia or massive diarrhea. Leukopenia and pan-
cytopenia develop later and progressively become more severe, leading to sepsis and 
candidiasis, which can result in multi-organ failure and death.

Post-operative erythroderma: an unusual variant of Ta-gVhd is post-opera-
tive erythroderma (POe). POe was first recognized in Japan and Israel following car-
diac operations in patients who had received blood products. POe results from the 
inadvertent and unknown hLa matching of donor and recipient, and occurred par-
ticularly in these countries because in both Israel and Japan there is a high level of 
hLa type similarity within their own populations. as these products by chance are 
usually only partially matched, and the recipient does have an intact and functioning 
immune system, the early phases of engraftment that lead to the erythema are aborted 
by the strengthening host response. Thus, the erythema (POe) does not progress to 
full gVhd. It was the observation of POe and chance hLa matching that led the 
Japanese to irradiate all blood products for transfusion (universal irradiation).

diagnosis, treatment and prevention of tA-GVhd:

Diagnosis: The diagnosis of gVhd in any circumstance is based on both clini-
cal findings and laboratory and biopsy results. however, in situations where gVhd 
is not expected, and Ta-gVhd is often not suspected by clinicians, the symptoms,  
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findings and laboratory tests can easily be interpreted as being due to severe viral 
infection or an adverse reaction to administered medication in ill patients. Thus, Ta-
gVhd is considered to be significantly under-diagnosed. The discovery of donor 
lymphocytes or dNa in the patient’s peripheral blood or tissue biopsy with the appro-
priate clinical picture confirms the diagnosis of Ta-gVhd. donor-derived dNa is 
usually detected using polymerase chain reaction (PCr) based hLa typing, but other 
methods include the use of restriction fragment length polymorphisms, variable 
number tandem repeat analysis, microsatellite markers, and cytogenetics.

Treatment: Treatment of Ta-gVhd is largely palliative and aimed at attempting to 
improve the function or render recovery of the recipient’s immune system and bone 
marrow. This is largely unsuccessful. approaches include corticosteroids, antithymo-
cyte globulin and cyclosporin employed with hematopoietic growth factors. There are 
a few reports of spontaneous resolution, and of successful treatment with a combina-
tion of cyclosporin, steroids and OKT3 (anti-Cd3 monoclonal antibody) or antithy-
mocyte globulin, or with autologous or allogeneic hPC transplantation. Transient 
improvement has been seen with nafmostat mesilate, a serine protease inhibitor that 
inhibits cytotoxic T lymphocytes.

Prevention: Since treatment options for Ta-gVhd are mostly unsuccessful, patients 
at increased risk must be identified and transfused with lymphocyte-inactivated prod-
ucts, usually through gamma-irradiation or pathogen-inactivation methods. gamma 
radiation is derived from decay of radioactive isotopes, such as cesium-137 or cobalt-
60. Some pathogen-reduction technologies have been shown, in human clinical trials, 
mouse models and other lymphocyte proliferation assays, to inactivate T lymphocytes. 
gamma irradiation is the most common method used to prevent Ta-gVhd; outside 
the US, the use of pathogen-inactivated platelets is growing. Chapter 36 describes the 
irradiation of blood components in significant detail.

Blood product factors contributing to the risk of tA-GVhd:

Age of blood: Fresh blood increases the risk of Ta-gVhd since, over time, lym-
phocytes undergo apoptosis and fail to stimulate a MLC response during storage. a 
Japanese series of cases of Ta-gVhd in immunocompetent patients found that 62% 
of patients had received blood less than 72 hours old, and a US series found that about 
90% of cases had received blood less than 4 days old.

Leukocyte Dose: Leukocyte reduction of blood products may decrease the risk 
of Ta-gVhd, but does not eliminate it. The ShOT data reported a decrease in the 
number of Ta-gVhd cases following universal leukocyte reduction of blood compo-
nents in the UK in 1999.

blood Products: all cellular blood products, including rBCs, platelets, granu-
locytes, whole blood and fresh plasma (not frozen plasma), contain viable T lym-
phocytes that are capable of causing Ta-gVhd. granulocyte transfusions are the 
highest-risk product because they are given fresh, have a high lymphocyte count, and 
are administered to neutropenic and immunosuppressed patients. Therefore, it is rec-
ommended that all granulocyte transfusions undergo irradiation prior to transfusion 
and the remaining cellular blood products be irradiated for patients at increased risk.
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patients at increased risk for tA-GVhd: There are certain patient popula-
tions who are at increased risk for Ta-gVhd (Table 62.1). It is difficult to quantify 
the risk of Ta-gVhd for any patient population, because of the unknowns – the 
number of patients with the disease, the number of patients with the disease who are 
transfused, and the number of transfusions or type of products each patient received. 
The risk is therefore derived from case reports or hemovigilance data, which are biased 
by under-recognition, misdiagnosis, and under- and passive reporting.

Table 62.1 Indications for Irradiated cellular blood products to prevent Ta-GVHD

Indications for which irradiation is considered to be required

congenital immunodeficiency syndromes (suspected or known)

allogeneic and autologous Hpc transplantation

Transfusions from blood relatives

Hla-matched or partially Hla-matched products (platelet transfusions)

Granulocyte transfusions

Hodgkin’s disease

Treatment with purine analogue drugs (fludarabine, cladribine and deoxycoformycin)

Treatment with campath (anti-cD52) and other drugs/antibodies that affect T-lymphocyte number 
or function

Intrauterine transfusions

Indications for which irradiation is deemed appropriate by most authorities

Neonatal exchange transfusions

pre-term infants/low birth-weight infants

Infant/child with congenital heart disease (secondary to possible DiGeorge syndrome)

acute leukemia

Non-Hodgkin’s lymphoma and other hematologic malignancies

aplastic anemia

Solid tumors receiving intensive chemotherapy and/or radiotherapy

Recipient and donor pair from a genetically homogeneous population

Indications for which irradiation is considered unwarranted by most authorities

Solid-organ transplantation

Healthy newborns/term infants

HIV/aIDS

From Shaz Bh and hillyer Cd (2009). Transfusion-associated graft-versus-host disease. In: Murphy M, Pamphilon d 
(eds). Practical Transfusion Medicine, 3rd edition. Oxford: Blackwell Synergy.

Congenital immunodeficiency Patients: The first reported cases of Ta-gVhd 
occurred in the 1960s in children with T-lymphocyte congenital immunodeficiency 
syndromes. Ta-gVhd has occurred in children with severe combined immunode-
ficiency syndromes (SCId) and with variable immunodeficiency syndromes, such as 
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Wiskott-aldrich and digeorge syndromes. Children may be transfused prior to the 
recognition of congenital immunodeficiency syndromes. Because of the possibility of 
pediatric patients having an undiagnosed immunodeficiency, it is prudent to irradiate 
all blood components for children under a certain age (such as 1 year). This is par-
ticularly true with infants undergoing cardiac surgery, who may have unrecognized 
digeorge syndrome. It is recommended that all patients with suspected or confirmed 
congenital immunodeficiency receive irradiated products.

Allogeneic and Autologous HPC recipients: Both allogeneic and autologous 
hPC transplant recipients are at increased risk of Ta-gVhd. Patients who undergo 
allogeneic hPC transplantation have received irradiated blood products routinely for 
over 40 years. Multiple organizations, including the european School of haematology 
(eSh), the european group for Blood and Marrow Transplantation (eBMT) and the 
Foundation for the accreditation of Cellular Therapy (FaCT), recommend irradiated 
blood products for allogeneic and autologous hPC recipients, but it is unclear for how 
long before and after transplantation these patients require irradiated products.

Patients with Hematologic malignancies: Patients with hematologic malig-
nancies are at increased risk for Ta-gVhd, especially patients with (or a history of) 
hodgkin’s disease (hd). It is recommended that patients with hematologic malig-
nancies receive irradiated products; however, it is less clear if this requirement should 
be only during active treatment, and for how long it should be continued following 
treatment (it is generally accepted that patients with a history of hd receive irradiated 
products for life).

recipients of fludarabine and other Purine Analogues as well as other 
Drugs/antibodies that Affect T-lymphocyte number or function:  
Ta-gVhd was initially reported in patients with chronic lymphocytic lymphoma 
(CLL) receiving fludarabine, which is a purine analogue and results in profound lym-
phopenia. There are nine reported cases of Ta-gVhd in CLL, acute myeloid leuke-
mia (aML) and non-hodgkin’s lymphoma (NhL) patients who received fludarabine 
up to 11 months prior to transfusion. In addition, Ta-gVhd occurred in a patient 
who received fludarabine for treatment of autoimmune disease. Other purine ana-
logues, including xycoformycin (pentostatin) and chlorodeoxyadenosine (cladribine), 
have been associated with the development of Ta-gVhd. It is recommended that all 
patients who have received fludarabine or other purine analogues as well as Campath 
(anti-Cd52) or other drugs/antibodies that affect T-lymphocyte function or number 
be transfused with irradiated products; however, it is unclear for how long these 
patients should receive irradiated products. The current recommendation is for at 
least a year, and until recovery from the resulting lymphopenia following the adminis-
tration of these drugs.

fetuses and neonates: Fetuses and neonates have immature immune systems, and 
may be at increased risk of Ta-gVhd. In neonates, most cases of Ta-gVhd reported 
are in those with congenital immunodeficiency or those who received products from 
related donors. at least ten cases were reported after neonatal exchange transfusions; 
four occurred in infants who had previously received IUT. Seven cases were in preterm 
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infants (excluding those who received a product from a relative). a single case report 
involved a full-term infant receiving extracorporeal membrane oxygenation (eCMO). 
The use of irradiated products for fetal and neonatal transfusions is therefore recom-
mended for exchange transfusions and IUT, preterm infants, infants with congenital 
immunodeficiency, and those receiving products from relatives; its need is less clear 
for other neonatal transfusions.

Patients with Aplastic Anemia: Since patients with aplastic anemia are usually 
treated with intensive chemotherapy regimens and possible hPC transplantation, 
some authorities recommend that they receive irradiated products, especially during 
myelosuppressive therapy.

Patients receiving Chemotherapy and immunotherapy: Ta-gVhd has 
occurred in patients with solid tumors, including neuroblastoma, rhabdomyosarcoma, 
urothelial carcinoma and small cell lung cancer, during intensive myeloablative ther-
apy. Therefore, it is recommended that patients with solid tumors receive irradiated 
products, especially during myelosuppressive therapy.

Solid-organ Transplantation recipients: gVhd is a rare complication of 
solid-organ transplantation, which usually results from the passenger lymphocytes 
contained within the solid organ and not from transfusion, even though these indi-
viduals are highly immunosuppressed and transfused. There have been four cases of 
Ta-gVhd in solid organ transplant recipients; one was a liver transplant recipient 
with pre-existing pancytopenia, one was a heart transplant recipient, and two were 
inconclusive cases in kidney recipients. The risk of Ta-gVhd in solid-organ trans-
plant recipients appears to be low, and the use of irradiated products is generally con-
sidered to be unwarranted.

Human immunodeficiency Virus and Adult immunodeficiency Syndrome 
Patients: hIV/aIdS is not considered a risk factor for Ta-gVhd as there is only a 
single case report of a child with aIdS developing transient Ta-gVhd. It is postu-
lated that hIV infects the transfused T lymphocytes, preventing the development of 
Ta-gVhd. The use of irradiated blood products in hIV/aIdS patients is not war-
ranted, but approximately one-fourth of institutions in the US choose to take this 
precaution, likely because of the immunosuppressive nature of hIV/aIdS, the high 
degree of fatality of Ta-gVhd, and the ability of harrT to decrease the burden of 
circulating hIV particles, thus theoretically mitigating the virus from infecting the  
co-transfused lymphocytes.

Cardiovascular Surgery Patients: Prior to the Japanese changing their irradiation 
policies, the reported incidence of Ta-gVhd following cardiovascular surgery was 
0.15–0.47%. Of 122 cases of Ta-gVhd reported in Japan from 1985 to 1993, 56 were 
patients after cardiovascular surgery; 28% used blood from a relative and 72% used 
blood less than 72 hours old. They also reported a lower risk for women than men, 
possibly secondary to women having previous exposure to leukocytes during preg-
nancy and childbirth. There are five cases of Ta-gVhd after cardiovascular surgery 
reported in the US and the UK. Possible reasons for this increased risk are that the rBC 
products transfused are usually less than 72 hours old, and cardiac surgery may result 
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in reduced cell-mediated immunity. The recommendation for irradiation of products 
for cardiac surgery patients is warranted in Japan, but not in the US at this time.

immunocompetent Patients: Ta-gVhd is reported in immunocompetent 
patients; the majority of cases have occurred with the use of fresh whole blood from 
a close relative. In a review of 122 cases of Ta-gVhd in immunocompetent Japanese 
patients, 67% had not received products from a related donor and, of the 66 non-car-
diovascular surgery patients, 39 had solid tumors and 27 had other conditions. The 
risk of receiving a blood product from a homozygous donor is greatest in popula-
tions with limited hLa haplotype polymorphisms, such as in Japan. The frequency of 
reported cases is substantially lower than these estimates (1 : 7174 in the US), which 
may be a result of unrecognized and/or unreported cases, lymphocytes in blood prod-
ucts that are either non-viable or insufficient to cause disease, and/or recipients being 
able to destroy the donor lymphocytes because of minor hLa differences between 
donor and recipient. Irradiation of products from close relatives and hLa-matched 
products are recommended for immunocompetent patients. The risk is otherwise 
minimal for other immunocompetent patients, and irradiation is not warranted.
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Microchimerism
Beth H. Shaz, MD and Christopher D. Hillyer, MD

Chimerism is defined as the presence of more than one genetically distinct pop-
ulation of cells in a single organism that originated from more than one zygote. 
Microchimerism (MC) occurs when the non-host cells represent only  5% of the 
cells of an individual, and can be a consequence of pregnancy, organ transplantation 
or transfusion. Blood transfusion can result in a stable persistent minor population 
of allogeneic cells within the recipient. This situation is called transfusion-associated 
microchimerism (TA-MC). With increasingly sensitive methods, TA-MC can be 
detected not infrequently after transfusion, but the conditions that facilitate and the 
consequences of this phenomenon are unknown.

Pathophysiology of TA-MC:

Normal Clearance of Transfused Lymphocytes: In a study investigating the 
clearance of co-transfused lymphocytes in immunocompetent recipients, three phases 
were found: first, 99.9% of lymphocytes were cleared over the first 2 days; second, there 
was a 1-log increase in the number of circulating donor lymphocytes on days 3–5; and 
third, there was a second clearance event leading to the small number and percent 
of chimeric cells. It was postulated that the transient increase in donor lymphocytes 
represents one arm of an in vivo mixed lymphocyte reaction with activated donor T 
lymphocytes proliferating in reaction to HLA-incompatible recipient cells. The second 
clearance step results from the recipient’s immune system mounting an augmented 
response against the donor cells. Irradiation of the blood component eliminates the 
expansion of donor cells, and thus abrogates TA-MC.

Transfusion-associated Microchimerism: TA-MC is defined as the presence of 
transfused donor leukocytes constituting up to 5% of the recipient’s peripheral blood 
leukocytes, which can remain for long periods of time (maximum length unknown). 
A proposed hypothesis for this phenomenon is that there are genetic polymorphisms 
between the donor and recipient linked to cytokine production, where some of the 
polymorphisms lead to immune suppression in the recipient that allows for tolerance 
to the transfused allogeneic cells and the development of TA-MC.

Clinical Elements of TA-MC: Irradiation of products prevents TA-MC, while 
leukocyte-reduction of blood products does not appear to affect its incidence. This 
suggests that even a low number of residual lymphocytes can cause TA-MC, but 
those residual lymphocytes are not capable of engraftment (which would result in 
TA-GVHD). TA-MC has been reported most extensively in trauma patients, where 
it occurs in up to 25–50% of transfused trauma patients. It has also been reported 
in sickle cell disease and thalassemia patients, but has not been shown as a sustained 
event in HIV-positive individuals. In trauma patients, age, sex, injury severity score, 
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splenectomy and number of products transfused do not appear to correlate with the 
establishment of TA-MC.

Some authors have referred to TA-MC as an aborted GVH response. The molecu-
lar and cellular events that arrest TA-MC as microchimerism and do not allow pro-
gression to TA-GVHD have not been identified. It is clear that those patients with 
TA-MC have good immune function, at least in part. The relationship between  
TA-MC and postoperative erythroderma is also unclear (see Chapter 62). When 
patients with TA-MC were studied and observed for signs and symptoms suggestive 
of chronic GVHD (skin rashes, jaundice, xerostomia, xerophthalmia, diarrhea, or new 
allergic reactions) several months after transfusion, TA-MC did not appear to be, or to 
correlate with, chronic GVHD. One study reported a decrease in donor-specific lym-
phocyte responses in trauma patients with demonstrable TA-MC versus non-TA-MC 
trauma patients, but the clinical consequences of this observation are unknown. In 
addition, TA-MC can be sustained for decades after transfusion.

In summary, no clear relationship of TA-MC to clinical outcomes has been elu-
cidated, though speculation has been voiced that those with TA-MC may be at risk 
for autoimmune disorders at some future point. To determine the association between 
TA-MC and autoimmune or other diseases, important confounding factors need to be 
accounted for and long-term follow up is needed, as these diseases can take years to 
develop and may result in a wide range of subjective symptoms.

Diagnosis: The ability to detect TA-MC requires the selection of the optimal genetic 
difference between donor and recipient DNA, and the capability to detect the small 
amount of donor DNA amongst a large amount of host DNA. One technique used to 
detect TA-MC is real-time pCr. Initially, this technique was used to look for the pres-
ence of the Y chromosome in women who had received red blood cell transfusions 
from at least one male donor. The technique was expanded to include a panel of 12 
HLA-Dr polymorphisms, and a third improvement was the addition of a panel of 12 
insertion/deletion (InDel) polymorphisms.

Testing Limitations: The ability to detect TA-MC is limited by sample volume and 
sampling error. Large sample volume will create too much DNA and result in difficul-
ties in testing. Sampling error is likely when an extremely low level of TA-MC exists, 
because a donor lymphocyte may not be present in the recipient sample. When using 
techniques that determine the presence of Y chromosomal DNA in women transfused 
with male blood products, previous pregnancies with male infants are a source of 
positive results that do not reflect third-party DNA from the donor of the transfused 
product.

Prevention: As TA-MC has no known clinical correlation or adverse effect, there are 
no recommendations to modify transfusion guidelines or products. Microchimerism 
can be prevented by irradiation, but this is not an indication for irradiation.
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Blood products can have profound effects on the recipient’s immune system. Most 
evident is alloimmunization to red blood cell (rBC) blood group and human leuko-
cyte antigens (HLA), the management of which comprises a large part of transfusion 
medicine. However, transfused blood products have additional effects on recipient 
immunity other than generation of alloantibodies. Broadly, these effects have been 
termed transfusion related immunomodulation (TriM). it is reasonable to note that 
some TriM effects are well-established and generally accepted, while others are a mat-
ter of debate. TriM effects can be categorized as beneficial or deleterious, and second-
ary to either humoral or cellular immunity (Table 64.1).

Table 64.1 established and Proposed TRIM-associated 
Risks of Transfusion

Humoral immunity

l Increased RbC alloimmunization

Cellular immunity

l Decreased renal allograft rejection
l Improvement in autoimmune diseases (e.g. Crohn’s disease)
l Decreased repetitive spontaneous abortions
l Increased tumor recurrence
l Increased post-operative infection

Accepted TRIM effects:

Solid organ transplantation: Since the 1960s, it has been appreciated that trans-
fusion of whole blood prior to organ transplantation results in significantly improved 
allograft survival in both humans and experimental animals. This effect was most 
notable for transplanted cadaveric kidneys. This phenomenon, or “transfusion effect,” 
occurs to the greatest extent with the transfusion of whole blood, to a lesser extent 
with packed rBCs, and to an even smaller extent with washed or frozen/thawed rBC 
products, which are 80–90% leukocyte reduced. There is little or no effect when giv-
ing stringently leukodepleted products (99.9% leukoreduced). The transfusion effect 
appears to be antigen specific, leading to tolerance to HLA antigens. There is a strong 
correlation between improved allograft survival and coincidence of HLA antigens on 
the donor organ and on the transfused WBCs. This is especially true for the HLA-
Dr locus; a mismatch results in increased sensitization, and a partial mismatch results 
in the transfusion effect. The risk of transfusion is sensitization to the HLA antigens. 
The formation of HLA antibodies can cause acute humoral rejection of the allograft, 
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and therefore the majority of transplant centers do not use crossmatch-incompatible 
allografts (i.e. HLA antigens present on the allograft for which the recipient has HLA 
antibodies). Current immunosuppressive medications have greatly reduced the utility 
of the transfusion effect.

Reduction in the likelihood of Spontaneous abortion: it has been observed 
that transfusion of allogeneic blood, from paternal or other sources, has a benefi-
cial effect in preventing recurrent spontaneous abortion, possibly by decreasing the 
T-cell response and generating suppressor T cells. Although the effect is mild, it is 
reproducible.

Debated TRIM effects:

Cancer, infection and autoimmunity: Subtle TriM effects have been reported 
in situations in which mild impairment of cellular immunity may be predicted to 
result in alterations in pathology. For example, published data suggest that transfusion 
may increase cancer recurrence and/or metastasis, presumably due to decreased anti-
tumor immunity. Likewise, published data demonstrate that increased post-operative 
infections correlate with transfusion, suggesting TriM inhibition of anti-microbial 
immunity. Also, studies suggest that transfusion may have a therapeutic benefit in 
certain autoimmune states (such as Crohn’s disease). in each of these situations, an 
equally large number of reports show no statistically significant effects. Thus, at this 
point, it is reasonable to conclude that clinically significant TriM effects in cancer, 
post-operative wound infections and autoimmune disorders may or may not occur, 
and thus remain disputed.

Proposed Mechanisms of TRIM: At first glance, the combination of alloimmu-
nization (which is a positive immune response) and other TriM effects (which are 
generally immunosuppressive) may seem contradictory. However, humoral and cel-
lular immunity represent distinct response pathways, which can be mutually antago-
nistic (e.g. Th1 versus Th2 type responses). Thus, leukocytes in transfused rBCs may 
simultaneously enhance humoral immunity whilst suppressing cellular immunity. in 
this way, enhanced antibody responses and cellular immunosuppression may simulta-
neously occur. The clinical trials referred to above seldom actually measured immunity 
per se, but rather relied on secondary outcomes assumed to be affected by immuno-
logic alterations. The majority of the mechanistic data has been obtained using animal 
models, and thus may or may not hold true in the human setting. Nevertheless, the 
observed TriM correlations are consistent with a hypothesis of immunomodulation 
being causative.
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Chronic RBC transfusions will result in iron overload, because the body has no 
mechanism for excreting excess iron. Clinical signs and symptoms of iron overload can 
begin when total body iron reaches 10–25 g, depending on recipient body weight. As 
each RBC product contains 200–250 mg of iron, it requires approximately 50–100 trans-
fused RBC products to reach clinically significant iron overload. Patients who require 
this degree of chronic transfusion typically have sickle cell disease, -thalassemia major, 
or a myelodysplastic syndrome. It is important to predict and diagnose iron overload, 
as, without ongoing treatment, it becomes a progressive and eventually fatal disorder.

Pathophysiology: The cause of iron overload in the chronically transfused patient 
is attributable to the patient’s inability to actively excrete the excess iron contained 
within the erythrocytes that are infused with each RBC product. Each RBC product 
can be expected to contain approximately 200–250 mg of elemental iron, as 1 ml of 
RBCs contains about 1 mg of elemental iron. After saturating transferrin and macro-
phages in the reticuloendothelial system, excess iron accumulates in the cytoplasm of 
liver, myocardial, and endocrine cells. There it catalyzes the production of free-radicals 
from hydrogen peroxide which damage cell membranes, proteins, and DNA.

Clinical manifestations: As in idiopathic hemachromatosis, the organs involved 
in iron overload due to transfusion are predominantly the liver, heart, endocrine 
glands and skin. The liver is the major physiologic site for normal iron storage, and is 
the first system to develop pathologic sequelae associated with transfusional iron over-
load. Hepatomegaly may progress quickly, leading to cirrhosis. Cardiac symptoms may 
develop without warning. Cardiac toxicity manifests as congestive heart failure or as a 
restrictive cardiomyopathy and angina (without coronary occlusion). Pancreatic and 
pituitary dysfunction, insulin-dependent diabetes, delayed growth, shortened stature 
and delayed sexual maturation are all consequences of excess iron accumulation in the 
endocrine system. Clinical manifestations depend not only on the amount of excess 
iron, but also on the rate of iron accumulation, the ascorbate level, alcohol use, and 
viral hepatitis infection.

Diagnosis: The diagnosis of iron overload requires clinical correlation of the signs 
and symptoms noted above, with an estimation of total body iron accumulation/
stores. Estimating total body iron stores is imprecise, and can be accomplished via 
direct and indirect methods. Indirect methods include serum ferritin measurement, 
which is simple and inexpensive but also the most inaccurate, and via magnetic reso-
nance imaging (MRI) and a supraconducting quantum interface device (SQUID), 
which adds accuracy but is costly and not widely available. Cardiac iron can also be 
indirectly estimated using MRI. Direct measurements can be accomplished via liver 
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biopsy, which maybe more accurate but is invasive and not without risk. It has been 
shown that patients with liver iron levels greater than 15 mg of iron per gram of liver 
are at increased risk for hepatic fibrosis, as well as other complications of iron over-
load. Patients with iron overload should have cardiac, hepatic and endocrine gland 
function assessed.

management: Without treatment with iron chelating agents, chronically transfused 
patients will eventually succumb to the complications of transfusional iron overload. 
Therefore, iron chelation therapy is extremely important, and should be instituted 
when liver iron concentrations are 7 mg Fe/g dry weight or serum ferritin levels are 
1000 g/l, which occurs when approximately 120 ml of RBCs/kg of body weight are 
transfused. Iron chelating agents directly bind iron, and the Fe:chelator complex is 
excreted in the urine or feces; this is not efficient but is effective over long periods of 
time. Iron chelation therapy, when accomplished correctly, can and will significantly 
reduce the complications of iron overload, and can lead to an improved quality of 
life. The therapeutic goal is to maintain liver iron concentration at 5 mg/g liver dry 
weight or the serum ferritin level at 1000–1500 g/l.

Both subcutaneous (deferoxamine) and oral (deferipone; deferasirox) iron chelat-
ing agents are now available. Deferasirox is preferred because it has a longer half-life 
and can be taken orally in water or juice, thus increasing compliance with this long-
term, chronic therapy. Side effects of deferasirox are minimal, and can include tran-
sient gastrointestinal symptoms and skin rash, and mild and reversible increases in 
serum creatinine and alanine aminotransferase.
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Transfusion transmitted diseases (TTd) can be caused by viruses, protozoa and pri-
ons. A comprehensive, but not all-inclusive, list of potentially TTds can be found in 
Table 66.1. While bacteria are transmitted by transfusion, it is usually the products of the 
bacteria in the donor product (endotoxin) rather than the transfer of infectious bacte-
ria that are the cause of posttransfusion bacteria-related complications. For this reason, 
bacterial contamination of blood products and methods to limit and detect bacteria in 
platelet products are discussed in Chapters 59 and 17 of this book, respectively.

Mitigation of transfusion transmission of infectious agents is largely based on 
donor selection and donor testing in the US, and around the world. donor selec-
tion and testing also occupy individual chapters in this text, including Chapter 5, and 
Chapters 11–16. Indeed, these strategies have been greatly effective in lowering the 
residual risk of TTds in the US, as shown in Figure 66.1. Finally, pathogen-reduction 

Table 66.1 Potential Transfusion Transmitted agents

Viruses Simian foamy virus (SFV)

Hepatitis a virus Chikungunya

Hepatitis b virus anaplasma

Hepatitis C virus Protozoa

Hepatitis D virus Plasmodium spp. (malaria)

Hepatitis G virus Trypanosoma cruzi (Chagas’ disease)

TTV and SeN-V Toxoplasma gondii (toxoplasmosis)

Human Immunodeficiency Virus (HIV) Babesia microti/divergens (babesiosis)

Human T-cell lymphotropic virus (HTlV)  
 1 and 2

Leishmania spp. (leishmaniasis)

Cytomegalovirus (CMV) Prions

epstein-barr virus (ebV) Transmissible spongiform  
 encephalopathies (Creutzfeldt-Jakob  
 disease and others)

Human herpes virus (HHV)-8

lymphocytic Choriomeningitis (lCMV)

Severe acute respiratory syndrome (SaRS)

Parvovirus b19

West Nile Virus

Monkeypox virus

Viral hemorrhagic fevers
361
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Figure 66.1 Comparison of transfusion risks and their evolution over time. HBV hepatitis B virus; 
HCV, hepatitis C virus; HIV, human immunodeficiency virus; pLTs, platelets; rBCs, red blood cells; 
TrALI 5 transfusion related acute lung injury; From AuBuchon Jp. (2004). emily Cooley Memorial Award. 
Managing change to improve transfusion safety. Transfusion 44, 1377–1383.

or -inactivation technologies have the potential to eliminate virtually all TTd, though 
these technologies are only approved for use for platelets and plasma, and then only 
outside of the US.

Hepatitis viruses: The hepatitis viruses include hepadnaviruses, flaviviruses and 
picornaviruses, which have all been reported to be transmitted through transfusion, and 
result in inflammation of the liver as the primary clinical manifestation (other viruses 
and agents result in hepatitis but it is not the primary disease), with symptoms of jaun-
dice, dark urine, hepatomegaly, anorexia, malaise, fever, nausea, abdominal pain and 
vomiting. Hepatitis B and hepatitis C, which are transmitted parenterally (i.e. through 
contact with blood and other body fluids), are the typical hepatitis viruses transmitted 
through transfusion, but hepatitis A (HAV), which is traditionally transmitted through 
the fecal–oral route, has rarely been transmitted when sufficient amounts of virus are 
present.

Hepatitis A: HAV in the Picornaviridae family, usually results in a mild, self-limited 
disease with a mortality rate of less than 0.2%. Hepatitis A does not result in chronic 
infection. The virus is typically transmitted through the fecal–oral route, resulting in 
foodborne outbreaks. prophylaxis can be provided through immune serum globulin, 
and prevention through vaccination is available. The seropositivity rate in the US is 
approximately 33%.

As most individuals are quite ill during the viremic phase of HAV infection, they 
most often will not be feeling well enough to donate blood, or will be deferred due 
to fever or sickness. The risk of transfusion transmitted hepatitis A is less than 1 case 
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per million transfused products. Solvent-detergent processes used to make patho-
gen-reduced plasma from plasma pooled products fail fully to inactivate the non- 
enveloped HAV, and as a result transmission has occurred. This has resulted in  
additional inactivation steps and testing for HAV in products manufactured from 
large pools of plasma. In addition, recipients of pooled plasma products (e.g. hemo-
philia patients) should receive the hepatitis A vaccine.

Hepatitis B: Hepatitis B virus (HBV) is a dNA virus and member of the 
Hepadnavidae family, which is transmitted parenterally, sexually and perinatally. In 
the US (prevalence 5.6%) and other low-prevalence countries, most infections are 
horizontal from adult to adult; in countries with a high prevalence of HBV, both hori-
zontal and vertical (i.e. perinatal) infections occur. Widespread vaccination of infants 
and high-risk adults has resulted in a decreased incidence of the disease (from 260,000 
new infections/year to 60,000/year in the US). In addition, hepatitis B immune globu-
lin is available for post-exposure prophylaxis, or for infants born to infected moth-
ers. TT-HBV may result in either an acute infection with subsequent clearance of the 
virus and immunity, or chronic infection with persistence of viral replication. Chronic 
infection may resolve with the development of immunity or may reactivate, resulting 
in further acute disease.

Acute infection: The incubation period is usually 60–150 days. Most individuals 
are asymptomatic, but 30–50% of infected persons  5 years of age will experience 
jaundice, fever, loss of appetite, nausea, vomiting and abdominal pain, and 0.5–1% 
of infected individuals, usually  60 years of age, will have a fulminant acute infec-
tion resulting in death. Serologic results in acutely infected adults demonstrate HBsAg 
positive, anti-HBc positive, IgM anti-HBc positive, and anti-HBs negative. The forma-
tion of anti-HBs and the disappearance of HBsAg indicate development of immunity 
without further clinical disease.

Chronic infection: The likelihood of chronic infection is related to the age of 
the patient at the time of infection, such that 90% of persons who were infected in 
infancy, yet only 6% of persons who were infected after age 5 develop chronic disease. 
Chronic infection may be asymptomatic, while some individuals will develop severe 
and fatal disease from cirrhosis and hepatocellular carcinoma. extrahepatic manifesta-
tions, which most often result from cryoglobulinemia, include rashes, arthritis, vascu-
litis and glomerulonephritis. Serologic results in patients with chronic active hepatitis 
demonstrate HBsAg positive, anti-HBc positive, IgM anti-HBc negative, and anti-HBs 
negative. Treatment for chronic infection includes interferon, lamivudine, adefovir, 
and additional antiviral medications.

Risk of transfusion transmission: In the US, with the current use of testing for 
HBsAg and anti-HBc, the estimated residual risk of HBV transmission is 1 : 205,000 
among repeat donors, or 1 : 144,000 among all donors, in the absence of nucleic acid 
testing (NAT). These estimates depend on assumptions, extrapolations and report-
ing of posttransfusion infection. Transfusion transmitted HBV may either be under-
reported or over-reported, as many cases of posttransfusion HBV infection may have 
not been contracted through transfusion (one report found only 1 in 59 cases could 
be unequivocally linked to transfusion).
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NAT testing for HBV has been implemented in some countries where the preva-
lence is especially high. In the US, the minipool approach to NAT has the same sen-
sitivity as the most recent generation of serologic tests for HBsAg, as HBsAg rises to 
high titers very quickly and at approximately the same time as HBV dNA (i.e. mini-
pool NAT testing does not significantly decrease the window period).

Hepatitis D: The infectious form of hepatitis d is coated with HBsAg, and therefore 
hepatitis d is only infectious in the presence of active HBV infection. Co-infection 
with hepatitis d and B results in more serious disease than infection with hepatitis B 
alone. Current measures to detect infectivity for HBV also target the elimination of 
hepatitis d from transfusion transmission.

Hepatitis C: Hepatitis C is an rNA virus in the Flaviviridae family and is parenter-
ally transmitted, especially through blood transfusions (prior to testing) and intra-
venous drug use. In the 1970s, 10% of blood transfusion recipients had evidence of 
hepatitis C infection. With the use of the current NAT testing, risk is estimated at  
1 : 1.4 million products or less. The incidence of new infections in the US has declined 
from 240,000 per year in the 1980s to 19,000 per year in 2006 (http://www.cdc.gov/
hepatitis/HCV.htm). The current seroprevalence in the US is 1.8% overall and 79% in 
intravenous drug users.

Acute infection: Acute infection with hepatitis C virus (HCV) is asymptomatic 
in 80% of patients. Approximately 20% will have symptoms (fever, jaundice, loss of 
appetite, fatigue and nausea) of acute infection after an incubation period of 7–8 
weeks.

Chronic infection: Chronic infection develops in 75–85% of infected individuals, 
with cirrhosis developing in 20–30% (after an average of 20 years) and hepatocellular 
carcinoma (after an average of 30 years). HCV is the leading indication for liver trans-
plantation in the US. Current treatment for chronic infection includes interferon and 
ribavirin.

Risk of transfusion transmission: With the use of current enzyme immunoassay 
tests and NAT, the current risk is less frequently than 1 : 1.4 million donations. A posi-
tive test result for HCV antibodies in a donor requires a “lookback” per the FdA, to 
locate, notify, test and, if appropriate, treat recipients of products donated previously 
by the same donor, at a time when they did not test positive for HCV either because of 
having not yet acquired the infection or having markers of infection below the limits 
of test detection (http://www.fda.gov/cber/gdlns/hcvlkbk.htm). The yield of lookback 
has been very low since the implementation of NAT testing circa 2000.

Hepatitis e: Hepatitis e results in a self-limited hepatitis, and is typically transmitted 
by the fecal–oral route. The hepatitis e virus is found predominantly in tropical coun-
tries. rare cases of transfusion-transmitted hepatitis e have recently been reported.

Hepatitis g: Hepatitis G is common in the normal population; 3–15% of normal 
individuals have antibodies to hepatitis G, and viral rNA is detected in 1–3%. The 
virus is transfusion transmitted, demonstrated by a high prevalence of infection in 
multiply transfused individuals. Currently, no disease is associated with this virus, and 
thus no testing is required.

http://www.cdc.gov/hepatitis/HCV.htm
http://www.cdc.gov/hepatitis/HCV.htm
http://www.fda.gov/cber/gdlns/hcvlkbk.htm
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TTV and SeN-V: TTV and SeN-V are widely distributed and are transmissible by 
transfusion, but currently there is little evidence that they cause disease in recipients. 
Therefore, testing strategies to mitigate transfusion transmission of these viruses is 
not warranted.

Retroviruses: retroviruses are rNA viruses with the presence of viral particle- 
associated reverse transcriptase and a unique replication cycle. The virus particles 
attach to the cell membrane and subsequently enter the host cell, then the reverse 
transcriptase enzyme copies viral rNA into cdNA (complementary double-stranded 
dNA) and the cdNA is then integrated into the host cell’s genome. Subsequent 
transcription, processing and translation of viral genes are mediated by the host cell 
enzymes. particles then bud from the cell membrane and infect other cells. In addi-
tion, the virus can spread by fusion of infected and uninfected cells, or by replication 
of the integrated viral dNA during mitosis or meiosis.

Human immunodeficiency Virus: Human immunodeficiency virus (HIV) is a 
lentivirus, which is a subgroup of the retrovirus family. HIV-1 was discovered in 1983, 
and the first test was licensed for donor screening in 1985. HIV transmission by intra-
venous administration of infected blood products is highly efficient. Of hemophiliacs 
treated with Factor VIII in the early 1980s, 50% were infected; 100% of those who 
received more than 500,000 units of Factor VIII were infected. In the San Francisco 
area in 1982, the risk of HIV was 1 : 100 transfused products.

HIV infection can be transmitted through sexual contact, childbirth, breast-feeding 
and parenteral exposure to blood. The CdC reported that in 2006 in the US the highest 
incidence of new disease was in male African Americans, aged 25–44, who had male-
to-male sex; of new infections, 50% were from male-to-male sex, 33% from high-risk 
heterosexual contact, and 13% from intravenous drug use (http://www.cdc.gov/hiv/).

HIV-1 and HIV-2 infection both cause AIdS. The HIV-1 family is divided into main 
(M), outlier (O) and non-M, non-O (N) groups. Group M has 11 distinct subtypes or 
clades (A–K). In the US, clade B is almost exclusively prevalent. The greatest genetic 
diversity is in central Africa. Group O is most common in Cameroon and surround-
ing West African countries (where it represents 1–2% of HIV infections). Group O  
infection in the US is very rare, and is usually found in immigrants. previous genera-
tions of HIV antibody assays did not reliably detect group O, but current assays have 
increased sensitivity to group O and other unusual variants. Still, the FdA continues to 
recommend permanent deferral of blood donors who were born, resided or traveled in 
West Africa since 1977, or who has had sexual contact with someone who fulfills these 
criteria. HIV-2 is also rare in the US (one infected donor identified out of 7.2 million 
donations), with no reported cases of HIV-2 transfusion transmission in the US.

infection: Approximately 60% of acute HIV infections result in a non-specific 
flu-like illness with an incubation period of 2–4 weeks. The acute infection resolves 
in weeks to a few months, resulting in an asymptomatic period that may last years. 
during this period the HIV viremia persists, and the number of Cd4 lymphocytes 
(the primary target of HIV) gradually declines. This loss of Cd4 lymphocytes results 
in opportunistic infections, and in addition there are direct viral effects on multiple 
organs; these together result in death after, on average, 8–10 years. The course of the 
disease has changed dramatically with the advent of potent antiretroviral therapy, 

http://www.cdc.gov/hiv/
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which has greatly prolonged survival. However, these medications do not eradicate 
HIV, and have multiple side-effects. Moreover, resistant viral strains have developed 
which add to the difficulty in treating HIV-infected patients.

Risk of transfusion transmission: Current testing for HIV infection in blood 
donors includes serologic assays for antibodies to HIV-1/HIV-2 and by minipool 
NAT. The current estimates of HIV transmission are less frequently 1 : 2 million prod-
ucts tested, with expected (but unmeasurable) frequencies approximating 1 : 5 to 1 : 8 
million products transfused (US). Identification of persons who have received blood 
products from donors who are later found to test positive for HIV (referred to as 
“lookback”) is mandated by the FdA (CFr 610.46).

Human T-cell lymphotropic Virus: Human T-cell lymphotropic virus (HTLV) 
is transmitted by transfusion. HTLV-1 predominately infects Cd4 lymphocytes 
while HTLV-2 infects preferentially Cd8 lymphocytes, and to a lesser extent infects 
Cd4 lymphocytes, B lymphocytes and macrophages. The seroprevalence in blood 
donors in the US is approximately 10–20 per 100,000 donors. The primary modes of 
transfusion are vertical transmission from mother to child, secondary to breast feed-
ing (the infection rate declined from 30% to 3% with the discontinuation of infected 
mother breast-feeding), sexual transmission and parenteral exposure (intravenous 
drug use).

infection: Most HTLV infections are asymptomatic, but there is a 2–4% risk of 
disease that may develop up to 40 years after infection. HTLV-1 is associated with a 
Cd4 lymphoma, adult T-cell leukemia/lymphoma (ATLL). The risk of ATLL in 
individuals infected at birth is 4% in their lifetime, with a lower risk in those infected 
during adulthood (i.e. those who acquire HTLV from transfusion). ATLL has a high 
mortality rate within 1 year of disease onset. HTLV-1 and HTLV-2 are associated with 
tropical spastic paraparesis (also known as HTLV-1 associated myelopathy [HAM]; 
TSp), which is a slowly progressive myelopathy characterized by spastic paraparesis 
of the lower extremities, hyperreflexia, and bowel and bladder symptomatology. The 
risk of TSp is about 2% in HTLV-1 positive individuals, with a similar or lower risk 
in HTLV-2 positive individuals. Other diseases associated with HTLV-1 or HTLV-2 
infection include lymphocytic pneumonitis, uveitis, polymyositis, arthritis, bronchitis, 
dermatitis, and other infectious syndromes.

Risk of transfusion transmission: rBCs, platelets and whole blood, but not fresh 
frozen plasma, have resulted in seroconversion of transfusion recipients. products 
stored for greater than 7 days before transfusion are less likely to transmit the virus. 
In the US, seroconversion rates in individuals who receive seropositive cellular com-
ponents have been reported from 14% to 30%. In a lookback study of recipients from 
1999 to 2005 from the ArC, only 38 donors seroconverted in that timeframe; these 
individuals donated 31 cellular components. None of the four alive recipients who 
agreed to testing for HTLV was seropositive. The risk of transfusion transmission is 
estimated to be 1 per 3 million products transfused.

Herpesviruses: The herpesviruses have double-stranded dNA, and express viral 
enzymes that participate in dNA synthesis and nucleic acid metabolism; the viral 
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dNA synthesis and packaging is confined to the host cell nucleus, the infected cell 
is destroyed during active viral replication, and the virus is capable of latency indefi-
nitely. CMV is the herpesvirus that is most relevant to transfusion medicine, but other 
leukocytotropic herpesviruses (eBV, HHV-6, HHV-7 and HHV-8) may also contami-
nate blood products.

Cytomegalovirus: Cytomegalovirus (CMV) is transmitted through transfusion 
and HpC and solid-organ transplantation. CMV transmission in the community is 
usually through close contact with a person shedding CMV. The seroconversion rate 
in blood donors is approximately 1%/year (rates of up to 13%/year in adolescents 
have been reported). prevalence ranges from 40 to 90%; the rate increases with age, 
and is higher in lower socioeconomic groups, urban areas and developing countries. 
Approximately 50% of US blood donors are CMV seropositive.

infection: Immunocompetent individuals have a mild self-limited disease course, 
with fever, malaise, hepatosplenomegaly and rash. The immune response does not 
eliminate the virus, but the virus becomes latent in the peripheral blood leukocytes. 
Transplacental infection in 5–15% of infected infants results in intrauterine growth 
retardation, deafness, mental retardation, blindness and thrombocytopenic bleeding. 
Infection in immunocompromised patients (including premature infants, recipients 
of solid-organ or HpC transplantation, and AIdS patients) can lead to pneumonitis, 
hepatitis, retinitis and multisystem organ failure, which may result in death. Treatment 
of CMV infection includes antivirals such as ganciclovir, cidofovir and foscarnet.

CMV infection can be detected through anti-CMV antibodies, CMV antigenemia 
assay (which uses immunostaining to identify and quantitate peripheral blood leuko-
cytes containing CMV proteins), and CMV pCr. pCr has allowed earlier detection of 
CMV, and has largely replaced the need for the CMV antigenemia assay.

Risk of transfusion transmission: Leukocytes are the primary mode of transfu-
sion transmission of CMV, and therefore leukoreduction greatly decreases the risk 
of CMV transmission. Transfusion can lead to active CMV infection in a recipient 
by transfusion transmitted CMV where a seronegative recipient is transfused with a 
CMV-infected product; reactivated CMV infection where a CMV-seropositive recipi-
ent experiences reactivation of their latent infection after transfusion of a CMV-
negative product; and CMV superinfection, when a seropositive recipient contracts 
a new strain of CMV from a CMV-positive product. Transfusion transmitted CMV 
is an important cause of morbidity and mortality in immunocompromised patients:  
13–37% of immunocompromised patients, including low birth-weight neonates, will 
contract CMV from transfusion of unscreened and unleukoreduced blood products. 
Up to 4% of recipients who receive seronegative blood products have acquired CMV, 
and up to 3% of recipients who receive leukoreduced blood products have acquired 
CMV, based on a number of different reported studies. Indications for CMV-safe 
products, defined as leukoreduced and/or anti-CMV negative, are reviewed in  
Chapter 38.

epstein Barr Virus: epstein Barr virus (eBV) is associated with a variety of dis-
eases, including infectious mononucleosis, Burkitt’s lymphoma and nasopharyn-
geal carcinoma. eBV infection is usually through infected saliva. Acute infection in  



368� Beth�H.�Shaz,�MD
children is asymptomatic, or characterized by a sore throat and enlarged lymph 
nodes. Acute infection in adults results in infectious mononucleosis with fever,  
tonsillar infection, enlarged lymph nodes, hematologic and immunologic abnor-
malities, hepatitis or other organ involvement. eBV infects B lymphocytes, where it 
remains latent. Occasional cases of posttransfusion eBV infection have been reported, 
but screening for eBV is not performed because of the high prevalence of seroposi-
tivity (90%) and because donors with active infection (infectious mononucleosis) are 
usually symptomatic. Leukoreduction may prevent or decrease the risk of transfusion 
transmission.

HHV-8: HHV-8 (also known as Kaposi’s Sarcoma Herpesvirus) is associated with 
Kaposi’s sarcoma, primary effusion lymphoma and multicentric Castleman’s disease. 
HHV-8 is primarily transmitted through sexual contact. The incidence in US blood 
donors is 2.4%. One study in the US demonstrated a 0.082% risk of seroconversion 
per transfused component. A study in Uganda, where the HHV-8 seroprevalence rate is 
approximately 40%, showed the seroconversion rate after transfusion with a seroposi-
tive product to be 2.8%. proposed methods to reduce the risk of transfusion transmis-
sion include leukoreduction, donor testing and pathogen reduction.

Other viruses:

Parvovirus B19: Infection with parvovirus B19 usually results in asymptomatic or 
mild symptoms of rash, vomiting, aching joints and limbs, fatigue and malaise (ery-
thema infectiosum or fifth disease). Infection in sickle cell disease and thalassemia 
patients may result in aplastic crisis. In immunocompromised individuals (espe-
cially HIV-positive individuals), parvovirus infection may result in aplastic anemia. 
Infection during pregnancy may result in severe fetal anemia or malformation in the 
infants. The seropositivity rate in blood donors is 30–60%. It is transmitted either 
through release of virus from the upper respiratory tract, or parenterally. Viremia 
appears within the first week and persists for 1–2 weeks; chronic infection does not 
occur. rare cases of transfusion transmission through blood products have been 
reported. parvovirus is not destroyed by solvent-detergent treatment or heat inacti-
vation. Because of seroconversion in recipients of solvent-detergent treated plasma, 
additional viral inactivation steps as well as NAT testing were implemented for plasma 
that would be pooled and used to manufacture plasma derivatives.

West Nile Virus: West Nile virus (WNV) is a flavivirus that is primarily transmit-
ted through mosquitoes, with birds as the intermediate host. WNV first appeared in 
the US in New York in 1999, and rapidly expanded its geographic area within 3 years. 
Transfusion transmission resulted in 23 infections in 2002 during an outbreak in the 
US where 4156 individuals were infected and there were 284 fatalities.

infection: Infection is often asymptomatic, and does not result in chronic infection 
with viremia persisting less than 28 days. The incubation period is approximately 3–14  
days followed by a range of symptoms including mild fever, headache, rash, eye 
pain, vomiting, lymphocytopenia, muscle weakness, flaccid paralysis, poliomyelitis  
and peripheral demyelination. Approximately 1 in 150 infections results in severe 
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neurologic disease, especially in those over the age of 50 years. prevention is through 
avoiding mosquitoes and mosquito bites.

Risk of transfusion transmission: After the documentation of transfusion 
transmission in 2002, WNV NAT testing was implemented in 2003. Minipool NAT 
testing only resulted in seven transfusion-transmission cases in 2003–2004. These break- 
through cases resulted in a combination of minipool NAT testing during the non-season 
coupled with more sensitive individual donor NAT testing in epidemic locations  
during epidemic times. This testing strategy has resulted in no documented WNV 
transfusion since the change in testing.

Protozoa:

Plasmodium spp. (malaria): There are four known Plasmodium species that 
result in malaria in humans: P. falciparum, P. malariae, P. vivax and P. ovale. The 
incubation periods range from 12–30 days, depending on the species. P. falciparum 
results in the most serious infection, which can be fatal, compared to the other spe-
cies. Transmission to humans is through the mosquito, with the lifecycle split between 
the mosquito and humans. The merozoite form infects the rBCs, where it replicates, 
resulting in the rBC bursting and releasing organisms into the blood to infect other 
rBCs. Infection usually lasts for 1–2 years, but can last for up to 30 years in the case of 
P. malariae.

infection: Malarial infection results in fever, chills, headache, hemolytic anemia and 
splenomegaly. diagnosis is through examination of thick- and thin-blood smears. A 
variety of medications are used for prophylaxis or treatment of malaria.

Risk of transfusion transmission: The risk of malaria is 0.25 cases per million 
transfusions. Symptoms of infection include fever, chills, headache and hemolysis, 
and occur a week to several months after transfusion. Transfusion transmitted infec-
tion is rarely fatal, and usually results from transmission of P. falciparum. prevention 
of malarial transmission is through donor deferral, which requires that persons who 
have had malaria in the preceding 3 years are deferred, travelers to endemic areas are 
deferred a year, and immigrants of endemic areas are deferred for 3 years after leaving 
the area. Malarial risk areas are available through the CdC website (http://www.cdc.
gov/malaria/risk_map/).

trypanosoma Cruzi (Chagas’ Disease): Chagas’ disease is confined mainly to 
Mexico and South and Central America, with increased prevalence in the southern US 
from immigrants from endemic areas. It is transmitted to humans through the bite of 
the reduvid bugs, and the lifecycle is split between the two hosts. Acute infections are 
asymptomatic or mild. rarely, the site of entry evolves into an erythematous nodule 
called a chagoma; this may be accompanied by fever and hepatosplenomegaly. Younger 
children may develop acute myocarditis or meningioencephalitis. Acute infection 
resolves without treatment, but lifelong low-level parasitemia persists. Of chronically 
infected individuals, 20–40% develop cardiac or gastrointestinal symptoms years to 
decades later. Transmission through transfusion is the second major source of human 
infection, especially in endemic areas. Seven cases of transfusion transmission in the 

http://www.cdc.gov/malaria/risk_map/
http://www.cdc.gov/malaria/risk_map/
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US and Canada have been reported. The FdA licensed a screening test for antibodies 
to T. cruzi in blood donors in 2006. Testing of about 65% of the US blood supply has 
demonstrated that 1 : 25,000–35,000 donors are confirmed positive, with the majority 
of infected donors in Florida and California.

toxoplasma gondii (Toxoplasmosis): Infection with T. gondii occurs in up to 
95% of adults in some countries. Cats and mice are intermediate hosts. Acute infec-
tion in healthy individuals is usually asymptomatic, but infection in immunocom-
promised individuals can result in severe disease with CNS involvement, myocarditis 
and pneumonia. Congenital infection can give rise to serious complications, including 
liver, CNS disease, abortion or stillbirth. Acute infection resolves with antibody for-
mation, but the organism remains latent in leukocytes. Transmission by transfusion 
has been documented in immunocompromised individuals. prevention of transfusion 
transmission appears possible by leukoreduction, but this has not been evaluated.

Babesia microti/divergens (Babesiosis): Babesia microti in North America 
and B. divergens in europe are transmitted by tick bite. Symptoms of babesiosis range 
from mild to severe illness with a hemolysis and fever, and infection lasting more than 
a year can occur. rBCs are the site of replication. More than 50 cases of transfusion 
transmission of babesiosis have occurred in the US, with an estimated risk of up to 
1 in 1000 in parts of Connecticut. Furthermore, pCr studies reveal that 1 in 1800 
donors in Connecticut are parasitemic. Transfusion transmitted disease occurs with 
fever developing 1–4 weeks after transfusion; this may be associated with chills, head-
ache, hemolysis, hemoglobinuria and, rarely, life-threatening hemolytic anemia, renal 
failure and coagulopathy. Asplenic, elderly or severely immunocompromised patients 
are at risk for more severe infection. donor selection is currently used to prevent 
transfusion transmission, including not collecting blood in areas where the disease 
vectors are endemic during the spring and summer months. Future strategies to pre-
vent disease transmission, especially in high-risk areas, potentially include serologic or 
NAT testing.

Leishmania spp. (leishmaniasis): There are three forms of leishmaniasis: 
cutaneous, mucocutaneous and visceral (kala-azar). The organism is transmitted 
through the bite of sandflies, with each Leishmania species restricted to a particular 
Phlebotomus species. The reservoir for the organism includes rodents and small wild 
mammals. The lifecycle is split between the sandfly and the mammal. In the human 
the organism invades the reticuloendothelial system, where it replicates and then is 
released back into the blood. parasitemia is generally transient and of low levels, and 
therefore the risk of transfusion transmission is low. Outside of the US, transfusion 
transmission of L. donovani, which causes visceral leishmaniasis, has been reported. 
Veterans who served in the persian Gulf are deferred from donating for 1 year upon 
leaving.

Prions: prion disease results from the benign form of the prion protein (prp) 
changing to an insoluble protease-resistant form (prpSc), which leads to the formation 
of plaques in the brain.
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Transmissible Spongiform encephalopathies (Creutzfeldt-Jakob Disease): 
Bovine spongiform encephalopathy (BSe) was initially described in cattle in the UK 
in 1986. BSe was transmitted through the food chain through meat or bone meal. A 
ban on ruminant protein in cattle feed has resulted in decreased incidence of BSe. In 
1995, BSe was transmitted to humans through the food chain and resulted in vari-
ant Creutzfeldt-Jakob disease (vCJd) in the UK. vCJd differs from classical CJd by 
an earlier age of onset, slower disease progression, and higher levels of prpSc in the 
brain. The disease presents with behavioral changes and dysasthesia, and progresses 
to cerebellar ataxia, dementia and death in 7–38 months. The majority of cases of 
vCJd have appeared in the UK, but there have also been reports in other european 
countries. At least four cases of transfusion transmission of vCJd have occurred in the 
UK. It is estimated that transfusion transmission by donors who develop vCJd within 
several years of donation is about 14% for recipients who survive longer than 5 years 
posttransfusion. prevention includes deferral for donors who have resided in the UK 
or europe for over 6 months, and the use of filters to remove prions; these remove 
approximately half the infectivity.

Other emerging infections: There are numerous potentially emerging infections 
(dengue fever, SArS, influenza, LCMV) which require continuous surveillance of the 
blood supply and evaluations of interventions.
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C H a P t E R  67
therapeutic apheresis (ta) refers to the removal of whole blood from a patient, 
separation of the whole blood into one or more fractions, followed by the removal of 
the indicated fraction which will be discarded, and the infusion of a fluid to replace 
the lost volume. When ta is used to remove plasma and the pathologic antibodies 
or substances within, this is commonly referred to as therapeutic plasma exchange or 
tPE. When a cellular fraction is removed and discarded, the procedure is referred to 
as therapeutic cytapheresis, which is discussed in Chapters 69–71.

ta can be performed manually, but is much more commonly accomplished via a 
number of FDa-approved continuous or semi-continuous automated cell separators 
or apheresis machines. In addition, several specialized apheresis machines remove (or 
remove, treat and return) targeted blood elements, including lipids in the treatment of 
familial hyperlipidemia, immunoglobulins in the treatment of rheumatoid arthritis, 
and neoplasic monocytes in cutaneous t-cell lymphoma.

ta is used in the treatment of a wide variety of diseases. the american Society of 
apheresis (aSFa) has created evidence-based guidelines for the use of ta in over 50 
disorders (table 67.1).

this chapter focuses on the basic principles of ta, including methodology, vol-
umes processed, choice of anticoagulant, vascular access, adverse effects, and the 
approach to a ta request.

Methods: Current apheresis medical devices allow the separation of whole blood 
into component fractions with removal of the desired fraction, and return of the 
remaining components by in-line automated technology. these systems require the 
use of an anticoagulant solution in order to maintain flow through plastic tubing and 
the blood-containing centrifuge elements of the devices. Heparin and/or citrate may 
be used; citrate in the form of aCD is much more common. Sterile plastic disposable 
sets are made for each of the available cell separators which can accommodate flow 
rates of up to 150 ml/min using either peripheral or central venous access.

Separation of blood components can occur through either centrifugation or fil-
tration, and operation is with either continuous or intermittent flow. Centrifugation 
allows separation of the component fraction base on differential density, with RBCs 
having the greatest relative density, followed by neocytes, granulocytes, mononuclear 
cells, platelets and, lastly, plasma.

Filtration devices separate component fractions based on the size – platelets 3 m, 
RBCs 7 m, lymphocytes 10 m, and granulocytes 13 m – while plasma flows freely 
through the filter/membrane. Cascade filtration uses an arrangement of two or more 
columns in series, with progressively smaller pore sizes allowing separation and 
removal of some components from the plasma fraction. this technology has been  
primarily applied to the removal of plasma lipids and cryoglobulins.
373
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Table 67.1 Indications categories for Therapeutic apheresis

TA modality Category

ABO-incompatible hematopoietic progenitor cell transplantation

Plasma exchange II

ABO-incompatible solid organ transplantation

 Kidney Plasma exchange II

 Heart (infants) Plasma exchange II

 liver Plasma exchange II

Acute disseminated encephalomyelitis

Plasma exchange III

Acute inflammatory demyelinating polyneuropathy (Guillain-Barré syndrome)

Plasma exchange I

Acute liver failure

Plasma exchange III

Amyloidosis, systemic

Plasma exchange IV

Amyotrophic lateral sclerosis

Plasma exchange IV

ANCA-associated rapidly progressive glomerulonephritis (Wegener’s granulomatosis)

Plasma exchange II

Anti-glomerular basement membrane disease (Goodpasture’s syndrome)

Plasma exchange I

Aplastic anemia; pure red cell aplasia

Plasma exchange III

Autoimmune hemolytic anemia: warm autoimmune hemolytic anemia; cold agglutinin disease

Plasma exchange III

Babesiosis

 Severe erythrocytapheresis II

Catastrophic antiphospholipid syndrome

Plasma exchange III

Coagulation factor inhibitors

Immunoadsorption III

Plasma exchange III
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Table 67.1 (Continued)

Chronic inflammatory demyelinating polyradiculoneuropathy

Plasma exchange I

Cutaneous T-cell lymphoma; mycosis fungoides

 erythrodermic extracorporeal photopheresis I

 Non-erythrodermic extracorporeal photopheresis IV

Cryoglobulinemia

Plasma exchange I

Dermatomyositis or polymyositis

Plasma exchange IV

leukocytapheresis IV

Erythrocytosis; polycythemia vera

 Symptomatic erythrocytapheresis II

Familial hypercholesterolemia

 Homozygotes Selective removal I

 Heterozygotes Selective removal II

Plasma exchange II

Focal segmental glomerulosclerosis

 Primary Plasma exchange III

 Secondary Plasma exchange III

Graft-versus-host disease

 Skin extracorporeal photopheresis II

 Non-skin extracorporeal photopheresis III

Heart transplant rejection

 Prophylaxis extracorporeal photopheresis I

 Treatment extracorporeal photopheresis II

Plasma exchange III

Hemolytic uremic syndrome; thrombotic microangiopathy; transplant associated microangiopathy

 Idiopathic HUS Plasma exchange III

 Transplant-associated microangiopathy Plasma exchange III

 Diarrhea associated pediatric Plasma exchange IV

 Other Plasma exchange III

Hyperleukocytosis

 leukostasis leukocytapheresis I

 Prophylaxis leukocytapheresis III

(Continued)
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Table 67.1 (Continued)

TA modality Category

Hypertriglyceridemic pancreatitis

Plasma exchange III

Hyperviscosity in monoclonal gammopathies

Plasma exchange III

Idiopathic thrombocytopenic purpura

 Refractory Immunoadsorption II

 Refractory or non-refractory Plasma exchange IV

Inclusion body myositis

Plasma exchange IV

leukocytapheresis IV

Lambert-Eaton myasthenic syndrome

Plasma exchange II

Lung transplant

extracorporeal photopheresis III

Malaria

 Severe erythrocytapheresis II

Multiple sclerosis

 acute cNS inflammatory demyelinating  
  disease

Plasma exchange II

 chronic progressive Plasma exchange III

 Devic’s syndrome Plasma exchange III

Myasthenia gravis

Plasma exchange I

Myeloma and acute renal failure

Plasma exchange III

Overdose and poisoning

 Mushroom poisoning Plasma exchange II

 Other compounds Plasma exchange III

Paraneoplastic neurologic syndromes

Plasma exchange III

Immunoadsorption III

Paraproteinemic polyneuropathies

 IgG/Iga Plasma exchange I
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Table 67.1 (Continued)

 IgM Plasma exchange II

 Multiple myeloma Plasma exchange III

 IgG/Iga/IgM Immunoadsorption III

Pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections; Sydenham’s 
chorea

 Severe Plasma exchange I

Pemphigus vulgaris

Plasma exchange III

extracorporeal photopheresis III

Phytanic acid storage disease (Refsum’s disease)

Plasma exchange II

POEMS syndrome

Plasma exchange IV

Posttransfusion purpura

Plasma exchange III

Psoriasis

Plasma exchange IV

Rapidly progressive glomerulonephritis

Plasma exchange III

Rassmussen’s encephalitis

Plasma exchange II

Red cell alloimmunization in pregnancy

Plasma exchange II

Renal transplantation: antibody-mediated rejection; HLA desensitization

Plasma exchange II

Rheumatoid arthritis, refractory

Plasma exchange IV

Immunoadsorption II

Schizophrenia

Plasma exchange IV

Scleroderma (progressive systemic sclerosis)

Plasma exchange III

extracorporeal photopheresis IV

(Continued)
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Volumes exchanged: the decision regarding the volume of blood to be exchanged 
is based on a kinetic model of an isolated one-compartment intravascular space. this 
model assumes that the component is neither synthesized nor degraded during the 
procedure, and that it remains within the intravascular compartment. this model 
works well for components located predominantly in the intravascular compartment, 
such as IgM and RBCs, and less well for IgG (which is 45% extravascular). When one 
blood volume is exchanged, then 63.2% of the initial component is removed; at 1.5 
volumes 77.7% is removed and at 2.0 volumes 86.5% is removed (Figure 67.1).

Calculation of total blood Volume, total RbC Volume, and total plasma 
Volume: all approaches in calculating total blood volumes overestimate the total 
blood volume (tBV) in obese patients and underestimate it in muscular patients, 
but they provide a reasonable approximation; two methods to calculate tBV are  

Table 67.1 (Continued)

TA modality Category

Sepsis

Plasma exchange III

Sickle cell disease

 life and organ threatening erythrocytapheresis I

 Stroke prophylaxis erythrocytapheresis II

 Prevention of iron overload erythrocytapheresis II

Stiff-person syndrome

Plasma exchange III

Systemic amyloidosis

Plasma exchange IV

Systemic lupus erythematosus

 Manifestations other than nephritis Plasma exchange III

 Nephritis Plasma exchange IV

Thrombocytosis

 Symptomatic Thrombocytapheresis II

 Prophylactic or secondary Thrombocytapheresis III

Thrombotic thrombocytopenic purpura

Plasma exchange I

Thyrotoxicosis

Plasma exchange III

Modified from Szczepiorkowski ZM, Shaz BH, Bandarenko N, Winters JL (2007). the new approach to assignment of 
aSFa categories – Introduction to the fourth special issue: Clinical applications of therapeutic apheresis. J Clin Apher 
22, 96–105.
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presented in table 67.2. the total plasma volume is the tBV multiplied by 1 minus 
the hematocrit (total plasma volume  tBV 3 [1 2 Hct]). the total RBC volume is 
the tBV multiplied by the hematocrit (total RBC volume  tBV 3 Hct).

Plasma volume replaced
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Figure 67.1 theoretic fraction of solute remaining after plasma exchange for continuous and 
discontinuous flow separation. From Hillyer CD, Silberstein LE, Ness PM et al. (eds). (2007). Blood Banking 
and Transfusion Medicine: Basic Principles & Practice, 2nd edition. Philadelphia: Churchill Livingstone 
Elsevier, San Diego.

Table 67.2 calculation of Total blood Volume

rules of Five Blood Volume (ml/kg of Body Weight)

Patient habitus Obese Thin Normal Muscular

Male 60 65 70 75

Female 55 60 65 70

Infant/child – – 80/70 –

Nadler’s formula (for adults)

Male (0.00612  height in inches)/(14.6  weight in pounds)  604

Female (0.005835  height in inches)/(15  weight in pounds)  183

total extracorporeal Volume and total RbC extracorporeal Volume: the 
extracorporeal volume is the amount of blood that is needed outside of the patient 
to fill the apheresis set and other tubing. this volume varies depending on the sys-
tem, type of procedure, and ancillary equipment (e.g. blood warmer). the total RBC 
extracorporeal volume is the RBC volume required to fill the bowl or channel and all 
the tubing. the total extracorporeal volume should not exceed 15% of the total blood 
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volume, and the total RBC extracorporeal volume should not exceed 15% of the total 
RBC volume.

Replacement solutions: Replacement fluids are used when the amount removed 
from the patient will exceed 15% of the patient’s total blood volume. this is especially 
true for plasma exchange, where either 5% albumin and/or plasma products are used 
in combination with crystalloids (e.g. normal saline) or other colloids (hydroxyethyl 
starch [HES]). the choice between plasma products versus albumin is based on the 
disorder the patient is being treated for (e.g. in thrombotic thrombocytopenic pur-
pura plasma is used as a replacement fluid) and the underlying coagulopathic state of 
the patient (e.g. coagulopathic patients may require replacement of coagulation fac-
tors with the use of plasma). For erythrocytapheresis, RBC products are typically used 
as replacement solutions.

Vascular access: apheresis procedures require high blood-flow rates that can be 
achieved with peripheral venous access with one to two large-bore needles (16–18 
gauge). In the absence of the ability to place these large-bore needles or the ability of 
the patient to augment venous return by fist-clenching, then central venous access 
catheters must be used. these central catheters are designed for positive pressure, and 
therefore are more-rigid and specifically designed for apheresis or dialysis. the place-
ment of central catheters is not without risk, and is associated with infection, bleeding, 
pneumothorax, hemothorax and air embolism. Femoral catheters are relatively easy 
to place, and although they have increased risk of infection they may be appropriate 
for the patient who requires use of the catheter for only a brief period. In contrast, 
patients who need prolonged apheresis treatment may require a tunneled catheter or 
other long-term access device.

anticoagulation: Citrate and/or heparin can be used to prevent coagulation in the 
extracorporeal circuit. the type of anticoagulant used depends on patient diagnosis, 
type and length of procedure, type and volume of replacement fluid, type of vascular 
access, and inlet blood flow.

Citrate: Citrate, usually administered as aCD-a although other forms are available 
(e.g. aCD-B and trisodium citrate), prevents coagulation by binding ionized calcium, 
which is required in clot formation. Citrate can result in hypocalcemia, depending on 
the rate of infusion and the ability of the liver to metabolize the citrate. Mild hypoc-
alcemia may result in mild paresthesias, but more severe hypocalcemia can result in 
tetany, gastrointestinal symptoms, hypotension, cardiac dysrhythmias and seizures. 
Symptoms of hypocalcemia can be managed by decreasing the citrate infusion rate 
and/or administering calcium.

Heparin: Heparin has a half-life of 90 minutes, and results in systemic anticoagula-
tion. Heparin can be used in combination with citrate to decrease the amount of cit-
rate and heparin required, thereby decreasing the citrate toxicity.

adverse events: In one study which excluded mild vasovagal and transient par-
esthesias, 4.75% of procedures had complications: 1.2% were citrate related, 1% 
were vasovagal, and 1% were hypotensive reactions. another study reported a similar  
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procedural complication rate with the most common complications being paresthe-
sias (2.7%), hematoma at the puncture site (2.4%), clotting (1.7%), mild to moderate 
allergic reactions (urticaria 1.6%) and bleeding (0.06%), and an incidence of severe, 
potentially life-threatening adverse reactions of 0.12%. the incidence of hypotensive 
reactions increases with the use of more normal saline compared to albumin (8% of 
procedures).

Citrate Toxicity: Mild hypocalcemia (tingling, oral paresthesia or chest discom-
fort) is the most common adverse reaction to ta. Citrate reactions can be managed by 
slowing the citrate infusion rate, adjusting the whole blood : aCD ratio, or administer-
ing calcium.

Allergic reactions: allergic reactions (ranging from mild urticaria to anaphylaxis) 
are mostly associated with the use of plasma as a replacement fluid, but can occur with 
the use of albumin and HES. Future procedures may require premedication with anti-
histames. atypical allergic reactions are associated with the ethylene oxide gas sterili-
zation of the tubing sets; these are characterized by periorbital edema with chemosis 
and tearing. the recurrence of this reaction can be minimized by double priming of 
the tubing.

asFa indication Categories: the indication categories for therapeutic apheresis 
are as follows.

Category i: ta is standard and acceptable treatment for these diseases, either as a 
primary therapy or as a valuable first-line adjunct therapy. the efficacy of ta in these 
disorders is usually based on well-designed randomized controlled trials, or on a 
broad and non-controversial base of published experience.

Category ii: ta is generally accepted treatment for these disorders, but is consid-
ered to be supportive or adjunctive to other, more definitive treatments, rather than 
a primary first-line therapy. Randomized controlled studies are available for some of 
these disorders, but in others the literature contains only small series or informative 
case studies.

Category iii: there is a suggestion of benefit for which existing evidence is insuf-
ficient, either to establish the efficacy of ta or to clarify the risk/benefit (or sometimes 
the cost/benefit) ratio associated with ta use in the treatment of these disorders. 
Included are disorders in which controlled trials have produced conflicting results, or 
for which anecdotal reports are too few or too variable to support an adequate con-
sensus. ta may reasonably be used in such patients when conventional therapies do 
not produce an adequate response, or as part of an Institutional Review Board (IRB)-
approved research protocol.

Category iV: Controlled trials have not shown benefit or anecdotal reports have been 
discouraging for the use of ta in these disorders. ta for these disorders is discouraged, 
and should be carried out only in the context of an IRB-approved research protocol.

evaluation of a new patient for the initiation of ta: When considering ini-
tiating ta on a patient, the following general issues should be considered.
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rationale: What is the rationale for use of ta in the treatment of the patient’s 
disorder? Is there a clear rationale for the use of ta, does the use of ta correct the  
abnormality, and is there clinical evidence that ta benefits the patient?

impact: What effect does ta have on the patient’s comorbidities and medications?

Technical issues: What anticoagulation, replacement fluid, vascular access and  
volume of whole blood processed should be used?

Therapeutic plan: How many times in total, and at what frequency, should ta be 
performed?

Clinical and/or laboratory end-points: What clinical and/or laboratory end-
points should be used to determine the efficacy of ta, and what are the criteria for 
discontinuation?

Timing and location: When and where should ta be initiated?
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Therapeutic plasma exchange
Beth H. Shaz, MD

C H A p T e R  68
Therapeutic plasma exchange (Tpe, also known as plasmapheresis) is a therapeutic 
procedure where the blood of the patient is removed and passed through a medical 
device that separates out and removes the plasma from the other blood components, 
which are returned to the patient.

Pathophysiology: Tpe is mostly used for antibody (and, rarely, immune complex) 
removal from circulation. It can be used to remove other molecules, such as drugs and 
low-density lipoproteins (LDL), but other apheresis devices are more efficient at LDL 
removal. Lastly, it can be used to correct deficiencies of a plasma clotting factors when 
large volumes of plasma infusion (without removal) would result in severe fluid over-
load in the patient.

Methods: Medical devices can remove plasma by membrane filtration devices or by 
centrifugation in a continuous or intermittent fashion.

Volume exchanged: The decision regarding what volume of blood to be 
exchanged is based on a kinetic model of an isolated one-compartment intravascular 
space. This model assumes that the component is neither synthesized nor degraded 
during the procedure, and that it remains within the intravascular compartment. This 
model works well for elements located predominantly in the intravascular compart-
ment, such as IgM (80% in the intravascular space) and less well for IgG (45% in the 
intravascular space). When one blood volume is exchanged, 65% of the initial com-
ponent is removed from the intravascular space; at 1.5 volumes 75% is removed, 
and at 2.0 volumes 85% is removed.

Timing and frequency: The time interval between exchanges is generally chosen 
based on the need to allow the component of interest (e.g. IgG) to re-equilibrate into 
the intravascular space and the need to minimize the risk of bleeding as a result of 
dilutional coagulopathy. Re-equilibration of the intravascular IgG with extravascular 
IgG typically occurs within 2 days; 5–6 one-volume plasma exchanges over 14 days 
when combined with immunosuppression (to decrease synthesis) achieve a 70–85% 
reduction in intravascular IgG (Figure 68.1). Unless otherwise specified in the disor-
ders described below, usually 1.0–1.5 plasma volumes are exchanged every other day.

Replacement fluids: Colloids must be used for replacement when 15% of the 
TBV is removed. The majority of Tpe procedures use 5% albumin as replacement 
fluid. plasma products are used in the treatment of thrombotic microangiopathies and 
in patients with underlying coagulopathy. Albumin rarely results in adverse reactions, 
is free of transmitted transfusion diseases, but does not replace coagulation factors 
and most other plasma proteins. plasma products replace all plasma proteins but have 
383
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higher risk of blood product-related reactions (transfusion-transmitted diseases, aller-
gic reactions and transfusion-associated lung injury) and of citrate reactions. Unless 
otherwise specified, 5% albumin is generally used as the replacement fluid.

Indications: ASFA recently published guidelines on the use of Tpe in clinical prac-
tice. Further information on the use of Tpe in each of the disorders can be found in 
the Journal of Clinical Apheresis Special Issue, Clinical Applications of Therapeutic 
Apheresis: An Evidence Based Approach, 4th edition. Specific indications are described 
below in alphabetical order. After each title, the ASFA category is presented.

ABO-incompatible hematopoietic progenitor cell transplantation (cat-
egory II): Tpe can reduce ABO antibodies, which are responsible for hemolysis. In 
major ABO incompatibility (the recipient having ABO antibodies against the donor 
RBCs), if the HpC product cannot be RBC-depleted then Tpe should be performed 
daily before infusion of HpCs with significant RBC contamination to reduce the IgM 
or IgG antibody titers to 1:16 immediately before HpC transplantation. The replace-
ment fluid is a combination of albumin and plasma (50:50) compatible with both 
donor and recipient. In minor ABO incompatibility (the donor has ABO antibodies 
against the recipient RBCs), passenger lymphocytes may produce ABO antibodies 7–12  
days after HpC product infusion. In order to prevent hemolysis of the incompatible 
recipient RBCs, prophylactic RBC exchange with group O RBCs can be performed to 
deplete the recipient’s incompatible RBCs.

ABO-incompatible solid-organ transplantation (category II for kidney 
and heart [Infants Only] and category III for liver): For ABO-mismatched 
solid-organ transplant (the recipient having ABO antibodies against the solid organ), 
the antibody titer (the titer of both IgM and IgG ABO antibodies) can be lowered by 
peri-transplant daily Tpe, thus preventing hyperacute rejection in order to improve 
graft survival. This should be performed in conjunction with immunosuppression 
and/or intravenous immunoglobulin (IVIG). The replacement fluid for Tpe is 5% 
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albumin with or without plasma (compatible with both the recipient and donor RBCs 
or group AB), depending upon the presence or absence of coagulopathy. To minimize 
citrate toxicity, an ACD-A/whole blood ratio of 1:25–50 can be used with calcium 
infusion in liver transplantation cases. Most protocols use Tpe to maintain a low ABO 
titer for the first 2 weeks after transplantation.

Acute disseminated encephalomyelitis (category III): Corticosteroids are 
the mainstay of therapy; they hasten recovery and result in clinical improvement in up 
to 60% of patients. IVIG is reserved for patients who do not respond to corticoster-
oids. Tpe has occasionally been used in the treatment of this disease. Most commonly, 
five every-other-day procedures are used; however, a range of three to six every-other-
day procedures has been reported. If improvement is not observed early in treatment, 
then it is unlikely a response will occur.

Acute liver Failure (category III): In fulminant hepatic failure, Tpe can remove 
albumin-bound and large molecular weight toxins and restore hemostasis, but the lit-
erature on the use of Tpe in this setting is minimal and conflicting. If performed, Tpe 
is carried out daily until transplantation or self-regeneration occurs. Basing improve-
ment in liver function on liver enzymes and coagulopathy should be used cautiously, 
as Tpe improves both of these parameters. In order to minimize citrate toxicity, the 
ACD-A/whole blood ratio can be set at 1:25–50 with the simultaneous use of calcium 
infusion. plasma is the preferable replacement fluid, with or without the use of albu-
min, in order to treat the coagulopathy.

Acute Inflammatory demyelinating polyneuropathy (AIdp; guillain-
Barré syndrome) (category I): Tpe and IVIG have demonstrated equal clini-
cal efficacy in the treatment of this disease. The typical course of Tpe is five to six 
every-other-day procedures with albumin replacement. The clinical effects of disease 
may progress despite the initiation of therapy. Since autonomic dysfunction is present, 
affected patients may be more susceptible to volume shifts, blood pressure and heart 
rate changes during extracorporeal treatment. Relapses requiring additional therapy 
may occur in approximately 10% of patients 2–3 weeks following either treatment. In 
AIDp patients with axonal involvement, Tpe has been reported to be of greater poten-
tial benefit than IVIG.

Amyloidosis, systemic (category IV): No positive data exist to support the use 
of Tpe for neuropathy or other complications associated with amyloidosis.

Amyotrophic lateral sclerosis (Als) (category IV): Multiple small series and 
a small controlled trial have failed to show any benefit for Tpe alone or in combina-
tion with immunosuppressive therapy for patients with ALS.

ANcA-associated rapidly progressive glomerulonephritis (Wegener’s 
granulomatosis) (category II): The current standard approach to management 
of ANCA small vessel vasculitis is combination therapy consisting of high-dose corti-
costeroids and cytotoxic immunosuppressive drugs. In severe cases and those with dif-
fuse alveolar hemorrhage, Tpe has been added. The european Vasculitis Study Group 
(eVASC) demonstrated a decrease in the number of patients requiring dialysis after 
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the use of Tpe (seven one-volume Tpe procedures over 10–14 days) compared to 
methylprenisolone, both in conjunction with cytoxan and prednisone in the patients 
with ANCA-positive RpGN and creatinine above 5.7 mg/dl. In patients with diffuse 
alveolar hemorrhage, replacement with plasma is recommended to avoid dilutional 
coagulopathy.

Anti-glomerular Basement membrane glomerulonephritis (Anti-gBm 
gN; goodpasture’s syndrome) (category I): In anti-GBM GN, the cur-
rent treatment is the combination of Tpe, cyclophosphamide and corticosteroids. 
In general the disease does not relapse, and therefore patients do not need chronic 
immunosuppression, except for ANCA-positive patients who require long-term 
immunosuppression because they respond rapidly to treatment but can relapse. It is 
critical that Tpe be implemented early in the course. Several series have demonstrated 
that most patients with creatinine levels less than 6.6 mg/dl recover renal function, 
while it is rare for those with an initial creatinine above 6.6 mg/dl to do so. patients 
who are dialysis dependent at presentation do not benefit from Tpe, and it should 
not be performed unless diffuse alveolar hemorrhage is present, which can be rapidly 
fatal and responds to Tpe in 90% of affected patients. Tpe should be performed daily 
or every other day for a minimum of 14 days, and if diffuse alveolar hemorrhage is 
present then plasma should be used as the replacement fluid.

Aplastic Anemia (AA); pure red cell Aplasia (prcA) (category III): For 
both AA and pRCA, underlying etiologies, such as medications, malignancies or 
infections, should be sought and treated. Tpe has been successful in the treatment of 
AA in patients with autoimmune diseases. Tpe may be considered in patients with 
severe AA who do not have a HpC transplant option and have failed to respond to 
conventional immunosuppressive therapy. Tpe may also improve pRCA develop-
ing after major ABO-mismatched HpC transplant, or in the setting of erythropoietin 
therapy with anti-erythropoietin antibodies. Tpe should be performed daily or every 
other day until recovery of hematopoiesis, which can take at least 2–3 weeks.

Autoimmune hemolytic Anemia (AIhA): Warm Autoimmune hemolytic 
Anemia (WAIhA); cold Agglutinin disease (cAd) (category III): Tpe is 
most useful in AIHA in severe situations when there is life-threatening anemia which 
does not respond to transfusion. Tpe is more effective in cases of CAD, but for either 
disease the improvement after Tpe is usually temporary. In CAD, RBC agglutination 
may occur within the cell separator and tubing, which requires that the procedure be 
performed with both the extracorporeal circuit and the room at 37°C. In addition, the 
severe anemia may require priming of the extracorporeal circuit with RBCs to safely 
perform the procedure. Tpe is performed daily or every other day until hemolysis is 
controlled.

catastrophic Antiphospholipid syndrome (cAps) (category III): Full 
anticoagulation with heparin, high-dose corticosteroids, and Tpe or IVIG are the most 
commonly employed therapies. If CApS is associated with a flare of systemic lupus ery-
thematosus, cyclosphosphamide is also used. Tpe is performed daily with plasma as 
replacement fluid, with discontinuation based on the patient’s clinical response.
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chronic Inflammatory demyelinating polyradiculoneuropathy (cIdp) 
(category I): Corticosteroids, Tpe and IVIG all have similar treatment outcomes 
based on controlled trials. The decision to use one over another is based on cost, avail-
ability and side-effects. Individuals may differ in response to any one of these agents. 
Therapeutic response is measured by improvement or stabilization, at which point 
treatment can be tapered or discontinued. Of the patients, 60–80% respond to initial 
therapy; however, long-term prognosis varies. Maintenance therapy, including con-
tinuing steroids, periodic Tpe, or infusion of IVIG, is usually required because dis-
continuation of therapy may be followed by relapse. Maintenance therapy is dictated 
based on the patient’s symptoms and clinical exam. Tpe is performed two or three 
times per week until there is improvement, and then the frequency of procedures is 
tapered as tolerated.

coagulation Factor Inhibitors (category III): In patients with factor inhibitors 
(secondary to autoantibodies or alloantibodies), the therapy should be individualized, 
depending on the clinical setting, the presence or absence of bleeding, and the inhibitor 
titer. The goals of therapy include cessation of bleeding and suppression of inhibitor  
production. The current treatment option for bleeding preoperatively is to replace 
the factor or bypass it. The treatment options for inhibitor suppression include cor-
ticosteroids, cyclophosphamide, cyclosporine, rituximab and IVIG. Antibody removal 
by immunoadsorption, which currently is not routinely available in the US, is more 
effective than Tpe. Tpe is performed daily until antibody titer decreases and bleeding 
can be controlled with other therapeutic modalities.

cryoglobulinemia (category I): Cryoglobinemia is associated with a wide vari-
ety of diseases, including lymphoproliferative disorders, autoimmune disorders and 
viral infections (e.g. hepatitis B and C). Management is based on treating the under-
lying disorder and the severity of symptoms. Tpe removes cryoglobulins efficiently, 
and has been most used in active moderate to severe cryoglobulinemia with renal 
impairment (membranoproliferative glomerulonephritis), neuropathy, vasculitis and/
or ulcerating purpura both for short- and long-term management. Tpe may be used 
alone or in conjunction with immunosuppressive agents, and reportedly results in 
improvement in 70–80% of patients. Cryoglobulin may precipitate in the extracorpor-
eal circuit, and therefore, it is prudent to warm the room, use blood warmers to warm 
the draw and return lines, and/or warm the replacement fluid. A variety of number 
of treatments and frequencies (usually every other day) has been reported. For acute 
symptoms, five or six procedures are performed before re-evaluating for clinical ben-
efit. Tpe allows for resolution of acute symptoms prior to treating the underlying dis-
ease, and suppression of immunoglobulin production by immunosuppressive drugs. 
Weekly to monthly maintenance treatments may be necessary in patients who initially 
responded, in order to prevent recurrent symptoms.

dermatomyositis or polymyositis (category IV): Tpe did not improve clini-
cal symptoms in a randomized controlled trial compared to sham apheresis.

Familial hypercholesterolemia (Fh) (category II): Tpe lowers serum choles-
terol in patients with FH who are unresponsive to or intolerant of medical management, 
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but current apheresis devices have been developed to selectively remove apo-B contain-
ing lipoproteins. Tpe can be effective, but because of the availability of the selective 
removal systems and their enhanced efficiency of cholesterol removal, the use of Tpe 
to treat FH is uncommon. It may, however, be the only option in small children. Tpe 
is performed once every 2–3 weeks to maintain target time-averaged lipoprotein levels, 
and is continued indefinitely (see Chapter 73).

Focal segmental glomerulosclerosis (Fsgs) (category III for primary and 
recurrent disease): Tpe is used in the management of patients with recurrent 
FSGS in the renal allograft. Although there is no standardized treatment for recurrent 
FSGS post-transplant, the majority of regimens use a combination of an immuno-
suppression, angiotensin converting enzyme inhibitors, indomethacin and Tpe. Tpe 
should be initiated soon after the diagnosis of recurrence in order to induce remis-
sion and improve graft survival. However, the number of treatments needed to con-
trol proteinuria, a surrogate marker of FSGS, is quite variable, and treatment may take 
several weeks to months. Tpe has also been used prophylactically immediately prior 
to and following the transplant, to prevent recurrent FSGS. Tpe is performed daily 
or every other day. One approach is to begin with three daily exchanges followed by 
at least six more Tpes in the subsequent 2 weeks, for a minimum of nine procedures. 
Tapering of the frequency of Tpe is individually guided by the degree of proteinuria. 
Some patients require long-term exchanges as maintenance therapy.

heart transplant rejection (category III): Tpe has been reportedly used suc-
cessfully to treat episodes of acute humoral rejection by removing antibodies and/or 
inflammatory mediators. There are no defined treatment protocols or criteria for the 
duration or discontinuation of Tpe.

hemolytic uremic syndrome (hus), thrombotic microangiopathy 
(tmA), and transplanted Associated microangiopathy (category III for 
Familial hus, tmA, and tAm and category IV for diarrhea-positive 
pediatric hus):

Hemolytic uremic syndrome: HUS is characterized by the triad of microangio-
pathic hemolytic anemia, thrombocytopenia, and acute renal failure. Two types of 
HUS have been described; diarrhea-associated (also known as typical HUS) and non-
diarrhea-associated HUS (also known as atypical HUS [aHUS]).

diarrhea-associated hus (d hus):  In children with d HUS, supportive care 
is the mainstay of therapy without the use of Tpe. In adults with HUS, regardless of 
the presence of diarrhea, clinical manifestations are often severe and the mortality rate 
is high; therefore, treatment with Tpe is common.

Familial hus:  Familial HUS is associated with frequent relapses, end-stage renal 
disease (eSRD) and a mortality rate of 54%. Treatment of familial HUS includes Tpe 
with plasma as the replacement fluid.

Non-idiopathic thrombotic thrombocytopenic purpura (ttp) or thrombotic 
microangiopathy (tmA): TMA is often associated with drugs (e.g. cyclosporine, 



Therapeutic�plasma�exchange� 389
quinine, mitomycin C, ticlopidine, and oral contraceptives), pregnancy, autoimmune 
diseases, infections (including HIV), or allogeneic HpC or solid-organ transplanta-
tion. Clinical and laboratory features are often indistinguishable from those of TTp, 
and therefore this syndrome has also been described as TTp-HUS. In patients with 
TMA the role of Tpe is uncertain, but this treatment may be appropriate under cer-
tain circumstances and with a defined therapeutic trial endpoint, because of the high 
mortality with idiopathic TTp (see TTp section below) and the inability to differenti-
ate between TTp or TMA. When Tpe is used in the treatment of TMA, Tpe should be 
performed daily with plasma as replacement fluid until clinical remission is achieved. 
In some patients, a therapeutic trial using a limited number of Tpe procedures is 
appropriate.

transplant Associated microangiopathy (tAm): The effectiveness of Tpe for 
TMA following HpC transplant (TAM) has not been proven, and therefore is not con-
sidered a standard of care.

hypertriglyceridemic pancreatitis (category III): Tpe has been used to treat 
acute pancreatitis due to hypertriglyceridemia because it lowers triglyceride levels by 
70–80%, with improvement in symptoms of pancreatitis following one to two Tpe 
procedures, but a single trial found no difference with regard to mortality, systemic 
complications and local complications in patients with severe disease. Treatment 
should be implemented early in the course of disease.

hyperviscosity in monoclonal gammopathies (category I): Tpe has been 
successfully used in the treatment of hyperviscosity. Removal of IgM from the plasma 
will have a logarithmic viscosity-lowering effect, and therefore Tpe is both rapid and 
efficient in relieving symptoms of hyperviscosity. patients can be treated daily until 
acute symptoms abate (generally one to three procedures). The symptomatic serum 
viscosity threshold for each patient should be determined, and an empirical mainte-
nance schedule may be employed to prevent symptomatic recurrence (generally every 
1–4 weeks, depending on additional therapies used).

Idiopathic thrombocytopenic purpura (Itp) (category IV): No therapeu-
tic benefit with Tpe in the treatment of ITp has been demonstrated in clinical trials.

Inclusion Body myositis (IBm) (category IV): Tpe has not shown to be ther-
apeutically beneficial in the treatment of patients with IBM.

lambert-eaton myasthenic syndrome (lems) (category II): Tpe may 
be a useful adjunct to management of patients with LeMS whose neurological defi-
cit is severe or rapidly developing, or in the case of patients who are unable to wait 
for immunosuppressive or other medications to take effect. Tpe is usually performed 
daily to every other day, and improvement may not be seen for the first 2 weeks or 
more after initiation. Treatment should continue until a clinical and electromyogra-
phy response is obtained, or at least to a full therapeutic trial of a 2- to 3-week course. 
Repeated courses may be necessary, because the effect lasts only 2–4 weeks in the 
absence of immunosuppressive drugs.
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multiple sclerosis (category II for Acute cNs Inflammatory demyelinat-
ing disease and category III for devic’s syndrome and chronic progres-
sive ms):

Relapsing–remitting ms: Tpe has not been specifically studied in relapsing– 
remitting MS.

Acute central Nervous system inflammatory demyelinating disease: Acute 
inflammatory demyelinating disease is usually secondary to multiple sclerosis, but 
can be associated with acute transverse myelitis and neuromyelitis optica (Devic’s  
syndrome). In acute, severe attacks in patients who fail initial treatment with high-
dose steroids, Tpe may be of benefit. Five to seven Tpe procedures are performed 
over 14 days, with a response rate of 50%.

chronic progressive ms: The data demonstrate a small or no benefit with weekly 
Tpe in conjunction with other immunosuppressive drugs in multiple randomized 
controlled trials. It is not clear whether the cost and potential adverse effects of Tpe 
outweigh the small benefit.

myasthenia gravis (mg) (category I): The four MG treatment modalities 
include cholesterase inhibitors, thymectomy, immunosuppression, and Tpe or IVIG. 
Tpe is especially used in myasthenic crisis, perioperatively for thymectomy, or as an 
adjunct to other therapies to maintain optimal clinical status. Tpe works rapidly, with 
a clinical effect within 24 hours, but it may take a week. The benefits will likely subside 
in 2–4 weeks, if immunosuppressive therapies are not initiated. Usually a series of five 
procedures is performed; as few as two procedures can be beneficial, but the number 
and frequency of procedures depends upon the clinical scenario. Some patients may 
require long-term maintenance Tpe. Multiple clinical trials have compared IVIG and 
Tpe; Tpe may improve ventilatory status and outcome more rapidly than IVIG, but it 
has more frequent adverse events. Therefore, the decision to use Tpe or IVIG depends 
on the clinical situation.

myeloma and Acute renal Failure (category III): Tpe has been used to 
acutely decrease the delivery of light chains delivered to the renal glomerulus for fil-
tration. peritoneal dialysis (but not hemodialysis) can also remove light chains, 
but with lower efficiency than Tpe. A recently reported study from the Canadian 
Apheresis Group, in which almost half of the study subjects received the VAD chemo-
therapy regimen, failed to demonstrate conclusive evidence that five to seven plasma 
exchanges over 10 days substantially reduces a composite outcome of death, dialysis 
dependence or severe renal insufficiency at 6 months. Initial management in non-
oliguric patients should focus on fluid resuscitation (2.5–4 l/d), alkalinization of 
the urine and initiation of chemotherapy. If serum creatinine continues to rise, or 
remains elevated after several days, consideration should be given to adding Tpe to 
the patient’s management. For patients who are oliguric, who excrete 10 g of light 
chains per 24 hours, or whose serum creatinine is 6 mg/dl, Tpe may be considered 
in initial management. Controlled trials have employed daily to every-other-day Tpe 
as a short-term adjunct to chemotherapy and fluid resuscitation over the period of  
2–4 weeks.
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Overdose and poisoning (category II for mushroom poisoning and  
category III for Other compounds): Tpe is effective in removing highly pro-
tein-bound toxins or those with delayed metabolic effects from the intravascular com-
ponents that are not lipid-soluble or bound to tissue, and do not have a large volume 
of distribution. Yet there is no correlation between protein binding and a volume of 
distribution among substances which were successfully treated with Tpe, and there 
have been reports of the failure of Tpe to remove substances bound to proteins and 
lipids. The clinical benefit can be achieved only if toxin levels can be reduced to con-
centrations below the threshold for tissue damage. Indications for Tpe include pro-
gressive clinical deterioration, coma, and compromised excretory functions. Tpe 
has frequently and successfully been used in Amanita poisoning. Usually albumin is 
sufficient as a replacement fluid; however, some toxic substances (e.g. dipyridamole, 
quinidine, imipramine, propranolol and chlorpromazine) bind to other plasma con-
stituents preferentially over albumin, and therefore plasma may be a more appropriate 
choice. Tpe is usually performed daily until the clinical symptoms have abated and 
the risk of delayed release of toxin from tissues is minimized.

paraneoplastic Neurologic syndromes (category III): Tpe cannot be con-
sidered standard therapy for autoimmune paraneoplastic neurologic syndromes. If 
a patient presents prior to development of severe neurological impairment but with 
a rapidly developing syndrome, aggressive immunosuppression, including daily or 
every-other-day Tpe, may be reasonable in an attempt to halt the process. Five to six 
Tpe procedures over 2 weeks are recommended, and if there is no response then the 
procedures should be discontinued.

pediatric Autoimmune Neuropsychiatric disorders Associated with strep-
tococcal Infections (pANdAs) and sydenham’s chorea (sc) (category I for 
severe exacerbation): In severely symptomatic or refractory patients with pANDAS 
or SC, IVIG or Tpe has been shown to reduce symptom severity or shorten the course. 
A randomized controlled study in patients with SC showed that the mean chorea sever-
ity scores decreased by 72%, 50% and 29% in the IVIG, Tpe and prednisone groups, 
respectively. Another randomized placebo-controlled trial of IVIG and Tpe in children 
with pANDAS showed that both therapies at 1 month after treatment produced strik-
ing improvements in obsessive compulsive disorder (OCD), with mean improvements 
of 45% and 58%, respectively. More than 80% of the patients who received IVIG or 
Tpe remained much or very much improved at 1 year. The Tpe group appeared to 
have greater OCD symptom relief than did the IVIG group. Five to six procedures over 
7–14 days were utilized in the trials without the benefit of repeat treatment.

pemphigus Vulgaris (category III): Tpe has been utilized in patients with severe 
symptoms who have either received high doses of conventional agents and/or have an 
aggressive and rapidly progressive disease. All reported patients have received high-
dose systemic corticosteroids and immunosuppressive agents which either produced 
life-threatening adverse effects or failed to control the disease. The goal of Tpe was 
to reduce the level of autoantibodies with subsequent improvement in clinical symp-
toms. The decline in autoantibody titers, anti-keratinocyte cell surface and anti-des-
moglein 3 antibodies, correlate with clinical response, and the levels of autoantibody 
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may rebound within 1–2 weeks after discontinuation of treatment, which necessitates 
the use of immunosuppression. The use of Tpe should be adjusted with autoantibody 
titer levels and clinical symptoms. The lack of clinical response after a trial period 
with concomitant adequate immunosuppression should be sufficient to discontinue 
treatment.

phytanic Acid storage disease (refsum’s disease) (category II): Tpe rapidly 
reduces plasma phytanic acid (pA) from elevated levels. This can be useful in the set-
ting of acute attacks or exacerbation of the disease, as well as for maintenance therapy. 
Symptomatic levels of pA in Refsum’s disease range from 700–8000 mol/l (normal 
33 mol/l). Tpe (usually one or two procedures per week over months) in conjunc-
tion with dietary control results in clinical improvements. Response can take weeks 
to months of treatment. Depending on the clinical response and pA levels, a tapering  
procedure can be performed.

paraproteinemic polyneuropathies (category 1 for demyelinating poly-
neuropathy with Igg/IgA, category II for polyneuropathy with Igm 
(Waldenström’s), and category III for multiple myeloma with polyneu-
ropathy): The typical course is five to six treatments over the course of 10–14 days. 
Long-term Tpe or slow tapering of Tpe should be considered to prevent relapse. In 
addition, improvement may be seen weeks following cessation of Tpe. If the level of 
paraprotein is correlative to the polyneuropathy then it can be monitored to evaluate 
the frequency of treatment, but this correlation does not always exist.

posttransfusion purpura (category III): Tpe should be considered as the 
urgent treatment of hemorrhage and severe thrombocytopenia if IVIG therapy is not 
effective. Due to severe thrombocytopenia, the ACD-A/whole blood ratio should be 
adjusted to 1:25–50. Typically the replacement fluid is albumin to avoid further expo-
sure to platelet antigen, but in a bleeding patient plasma supplement may be given. 
Tpe can be discontinued when the platelet count starts increasing (20,000//l) and 
bleeding ceases.

polyneuropathy, Organomegaly, endocrinopathy, m protein and skin 
changes (pOems) syndrome (category IV): Among patients with pOeMS 
treated with Tpe, no responses were seen among those who received Tpe alone, and 
the response rate among those who received Tpe with concurrent corticosteroids was 
similar to the response rate with steroid therapy alone. Therefore, Tpe is likely to be 
ineffective for this disorder.

psoriasis (category IV): Clinical trials have demonstrated that Tpe provides no 
benefit in the treatment of psoriasis.

rapidly progressive glomerulonephritis (rpgN) (category III): Multiple 
disorders can produce RpGN, and therefore the appropriate indications for Tpe are 
difficult to determine. Tpe appears not to be beneficial in most immune-complex GN 
cases. However, there are reports of Tpe efficacy in RpGN due to IgA nephropathy; 
these include short-term improvement in renal function and delay in dialysis depend-
ency. Randomized trials of Tpe in lupus nephritis have shown no benefit. Tpe in 
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cryoglobulinemia has proven successful in several series. Tpe may be beneficial in 
dialysis-dependent patients at presentation. The treatment course is usually daily or 
every other day for 1–2 weeks, followed by tapering with less frequent treatments. Tpe 
may be discontinued if there is no response after 4 weeks of treatment.

rassmussen’s encephalitis (category II): Treatment consists of an initial course 
of five to six Tpe procedures over 10–12 days, followed by IVIG with subsequent 
courses of Tpe (with or without IVIG) at 2- to 3-month intervals, as empirically 
needed, depending on the clinical disease course (seizures and unilateral neurologic 
deficits). Immunosuppressive medications may increase the interval between courses.

rBc Alloimmunization in pregnancy (category II): Tpe removes the 
maternal RBC alloantibody that causes hemolytic disease of the fetus and newborn 
(HDFN). Therefore, it is thought that Tpe will decrease the maternal antibody titer 
and, in turn, the amount transferred to the fetus, thereby protecting it from HDFN. 
Survival in severe cases of HDFN with the use of Tpe and/or IVIG prior to IUT is 
about 70%. Category II is assigned for patients where there is a previous history of a 
severely affected pregnancy and the fetus is less than 20 weeks’ gestational age. Tpe 
should be considered early in pregnancy (from the seventh to the twentieth weeks) 
and continued until IUT can safely be administered (from about the twentieth week 
of gestation). Close monitoring of the fetus for signs of hydrops will aid in guid-
ing treatment. One approach is to use Tpe for 1 week (three procedures), followed 
by weekly IVIG (1 g/kg). In the second or third trimester, it is preferable to place the 
patient on her left side to avoid compression of the inferior vena cava by the gravid 
uterus. Hypotension should be avoided, as it may result in decreased perfusion to the  
fetus.

renal transplantation/Antibody-mediated rejection (Amr) and hlA 
desensitization (category II for Amr and desensitization):

HLA desensitization: Tpe with IVIG can be used prior to transplant to remove 
HLA antibodies (donor-specific antibodies [DSA]) in combination with immuno-
suppressive drugs until negative crossmatch is achieved. The ability to obtain a nega-
tive crossmatch depends on the DSA titer – for example, usually five Tpe treatments 
preoperatively will allow the titer of 32 to become negative. Tpe is usually contin-
ued postoperatively and reinitiated in cases where AMR occurs. The risk of AMR is 
approximately 30%, with a small number of graft losses. Tpe is performed daily or 
every other day, per center-specific protocol, until crossmatch becomes negative; Tpe 
is then also performed postoperatively for a minimum of three procedures. Further 
treatment is determined by the risk of AMR, by DSA titers or by the occurrence  
of AMR.

AmR: In AMR, DSA can be removed with Tpe (with or without IVIG), which is 
used in combination with other immunosuppressive drugs. Current regimens which 
include Tpe have a graft survival rate of 70–80%. For AMR, some centers use a set 
number of procedures (usually five to six), daily or every other day. Other centers 
guide the number of treatments based on improvement in renal function and decrease 
in DSA titers.
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rheumatoid Arthritis (rA) (category IV): Controlled trials have not shown 
benefit with Tpe in patients with refractory RA, and therefore this disorder is a cat-
egory IV indication for Tpe.

scleroderma/progressive systemic sclerosis (category III): There are lim-
ited and conflicting data regarding the use of Tpe in the treatment of this disorder. A 
treatment course of six procedures over 2–3 weeks should constitute a sufficient thera-
peutic trial.

schizophrenia (category IV): A double-blind, randomized trial of Tpe versus 
sham-pheresis demonstrated no benefit.

sepsis (category III): Tpe, due to its non-selective nature, has the potential to 
remove multiple toxic mediators of the syndrome, and may therefore be more effec-
tive than blocking single components of the process. There is limited and conflict-
ing literature regarding the use of Tpe in sepsis. The randomized trials have limited 
treatment to one to two Tpes, while the case series have treated patients daily until 
improvement. plasma should be used as a component of the replacement fluid when 
coagulopathy is present.

stiff-person syndrome (category III): Tpe can effectively deplete the autoanti-
bodies reactive to a 65-kDa glutamic acid decarboxylase (GAD65, the enzyme respon-
sible for the synthesis of GABA) associated with this disorder. There are few data to 
support the use of Tpe, but Tpe may be an alternative if IVIG is not available or 
the patient does not respond to IVIG. A series of four or five procedures over 8–14 
days should effectively deplete the antibody. Repeat series of Tpe can be employed 
empirically if there is an objective clinical improvement that is followed by a relapse of 
symptoms.

systemic lupus erythematosus (sle) (category III except lupus Nephri-
tis, which is category IV): There are conflicting data regarding the use of Tpe 
in the treatment of SLe. Tpe is beneficial in the treatment of SLe-associated TTp, 
pulmonary hemorrhage, myasthenia gravis, hyperviscosity and cryoglobulinemia.  
In addition, Tpe has resulted in clinical improvement in patients with CNS involve-
ment, and may result in improvement of other critically ill SLe patients. In con-
trast, multiple controlled trials have demonstrated lack of efficacy with Tpe in lupus 
nephritis. The typical treatment course is three to six procedures, which is sufficient to 
assess the treatment response in the patients with lupus cerebritis. The other related 
diseases are treated in the same fashion as the primary disease (e.g. TTp, myasthenia, 
hyperviscosity and cryoglobulinemia).

thrombotic thrombocytopenic purpura (ttp) (category I): Tpe is a 
life-saving therapy for TTp which has decreased the overall mortality from 90% 
to 10%. Tpe should be initiated emergently once TTp is recognized. If Tpe is not 
immediately available, plasma infusions should be started at approximately 30–40 ml/
kg per day, with care not to induce volume overload, until Tpe can be initiated. Both 
plasma and plasma cryoprecipitate-reduced plasma products have been used as 
replacement fluid for Tpe, with similar results in patient outcome. Corticosteroids 
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are often used as an adjunct at 1 mg/kg per day; however, no definitive trials to prove 
their efficacy have been performed. Other adjuncts include rituximab, vincristine and 
splenectomy. Because congenital TTp is characterized by constitutive deficiency of 
ADAMTS13 activity without an inhibitor, simple infusions of plasma (10–15 ml/kg) or 
cryoprecipitate (which contains ADAMTS13) are used. Clinical response usually cor-
relates with recovery of the platelet count and normalization of LDH with a clearing of 
mental status. The median number of Tpe procedures to establish hematologic recov-
ery is 7–8 days. The pattern of platelet response is variable, and the platelet count may 
fluctuate during treatment. Fibrinogen levels may decrease following serial Tpe proce-
dures with cryoprecipitate-reduced plasma as replacement fluid. Tpe is generally per-
formed daily until the platelet count is 150,000/l, and the LDH is near normal for 
2–3 consecutive days. LDH and bilirubin are removed during Tpe; therefore, normal-
ization of these values may be seen post-Tpe, but these values will rise post-procedure  
if the disease is active (see Chapter 93).

thyrotoxicosis (category III): T3 and T4 are 99% plasma bound with a half-life 
of 5–7 days for T4 and 1 day for T3, and T3 is 4 times as active as T4, Tpe should, 
in theory, efficiently reduce their circulating pool, but because of the short half-life 
the more active T3 it may not be efficacious once other therapies are initiated. The lit-
erature exhibits mixed results, but most reported cases note a decrease in the concen-
tration of the total levels of these hormones. In patients with amiodarone-associated 
thyrotoxicosis, Tpe has also been used to reduce the plasma concentration of the drug, 
which has a half-life of months in patients on chronic therapy. plasma can be used as 
a replacement fluid, with the added benefit of having thyroglobulin to improve bind-
ing of free hormones. This benefit should be weighed against the increased risks of the 
procedure with the use of plasma. Tpe should be reserved for life-threatening situa-
tions when rapid amelioration of symptoms resistant to drug therapy is mandatory. 
Reported cases suggest that clinical improvement may precede changes in measured 
hormone levels. Tpe should be discontinued once improvement is noted.

Adverse effects:

drug removal during Apheresis: Tpe has been used to treat acute drug toxic-
ity when other modalities, such as gastric lavage, dialysis, hemoperfusion and forced 
diuresis, are ineffective. Drugs that are lipophilic and highly protein-bound with long 
half-lives and small volumes of distribution are most effectively removed. More com-
monly, the issue of therapeutic drug clearance by Tpe is a concern. The drugs that are 
most affected have small volumes of distribution and are protein-bound. Data suggest 
that prednisone, digoxin, cyclosporine, ceftriaxone, ceftazidime, valproic acid and phe-
nobarbital are not removed by plasma exchange. Salicylates and tobramycin should be 
supplemented after Tpe, and phenytoin should be monitored. The drug is most likely 
to be removed during the distribution phase, and therefore it is prudent to dose drugs 
after Tpe and not immediately before.

dilutional coagulopathy: Tpe results in the removal of coagulation fac-
tors when plasma is not used as a replacement fluid. The decrease in clotting factor  
activity ranges from 40% to 70% from the pre-procedure level, which may result in 
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prolongation of pT and pTT. Fibrinogen is most affected, secondary to it being solely 
intravascular. Clotting factor activity usually returns to baseline within 1–2 days. In 
the absence of underlying coagulopathy or liver disease, not using plasma as a replace-
ment fluid is appropriate for the prevention of dilutional coagulopathy.

In addition to coagulation factor removal, platelet counts decrease after Tpe 
(reported as 9–53%). platelet removal is greater when a larger TBV is processed at 
a slower centrifugal force. In addition, different instruments have varying affects on 
platelet loss. In general, platelet counts recover within 48 hours.

In patients receiving daily plasma exchanges or who are at risk for coagulopathy, 
monitoring of coagulation parameters is warranted, and replacement with plasma or 
platelets may be clinically indicated.

citrate toxicity: Mild hypocalcemia (tingling, oral paresthesia or chest discom-
fort) is the most common adverse reaction to TA. Citrate reactions can be managed 
by slowing the citrate infusion rate, adjusting the whole blood : ACD ratio, or giving 
calcium.

Allergic reactions: Allergic reactions (mild urticaria to anaphylaxis) are mostly 
associated with the use of plasma as a replacement fluid, but can occur with the use of 
albumin and HeS (hydroxethyl starch). Future procedures may require premedication 
with antihistames. Atypical allergic reactions are associated with the ethylene oxide gas 
sterilization of the tubing sets, and are characterized by periorbital edema with chemo-
sis and tearing. The recurrence of this reaction can be minimized by double priming of 
the tubing.

Ace Inhibitor reactions: patients on ACe inhibitors who receive albumin may 
have facial flushing, hypotension and a feeling of doom. These reactions are second-
ary to the prekallikrein activator in the albumin which is activated to bradykinin, 
which is vasoactive. Bradykinin metabolism is inhibited by the ACe inhibitor, which 
leads to the accumulation of bradykinin. ACe inhibitor therapy should be discon-
tinued 24–48 hours prior to the start of plasma exchange, if possible. Because of the 
risk of hypotensive reactions with the use of albumin in patients who have recently 
received ACe inhibitors (i.e. within 24–48 hours), some authorities will use plasma or 
a colloid starch (e.g. HeS) as replacement fluid in to order to decrease the risk, if the 
patient must have the procedure performed. Another option is to initiate the proce-
dure with albumin, and if a reaction is observed then delay treatment or use an alter-
native replacement fluid (plasma or a colloid starch). The decision regarding how to  
proceed is based on the emergent nature of the procedure and the risk/benefits 
for the individual patient. If albumin replacement is used, slow infusion rates are 
recommended.
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Therapeutic erythrocytapheresis (also known as red blood cell exchange) is a 
therapeutic procedure where whole blood is removed and passed through a medical 
device which separates red blood cells (RBC) from the other blood components. The 
RBCs are discarded, the other blood components are returned to the patient, and the 
removed RBC mass and/or volume is replaced by banked RBCs and/or saline/albu-
min. Therapeutic erythrocytapheresis is performed most commonly for the exchange 
of dysfunctional RBCs (such in sickle cell disease, [SCD]) or infected RBCs (such as 
in malarial infection) with donor RBCs, or less commonly for the removal of RBCs 
(such as in polycythemia or hemachromatosis).

Indications:

Sickle Cell Disease (ASFA Category I for Life- and Organ-threatening 
Complications, Category II for Primary and Secondary Stroke Prophylaxis 
and Prevention of Iron Overload): In acute life- or organ-threatening SCD com-
plications (such as multiorgan failure and stroke), erythrocytapheresis is preferred over 
simple transfusion since the HbS concentration is reduced rapidly by removing HbS 
RBCs and replacing HbS RBCs with HbA RBCs without increasing blood viscosity  
and volume overload. One procedure is typically sufficient to treat the acute complica-
tions of SCD resulting in a HbS of 30%. For patients receiving chronic transfusion 
therapy (e.g. for stroke prevention), long-term erythrocytapheresis is advantageous 
over simple transfusion in preventing or markedly reducing transfusion-associated 
iron accumulation. For chronic transfusion therapy, erythrocytapheresis is typically 
performed at patient-tailored intervals to maintain the HbS level at 30–50%. The 
transfusion management of patients with SCD, including simple transfusion versus 
erythrocytopheresis, acute versus chronic (i.e. prophylactic) transfusions, blood prod-
uct selection, and indications for transfusion are discussed in Chapter 45.

Malaria (ASFA Category II for Severe Disease): Malaria is a vector-borne pro-
tozoal infection caused by Plasmodium vivax, P. ovale, P. malariae or P. falciparum, 
which is transmitted by mosquito bites or transfusion. Parasitemia leads to hemolysis 
and release of inflammatory cytokines, resulting in fever, malaise, chills, headache, myal-
gia, nausea, vomiting, anemia, jaundice, hepatosplenomegaly and thrombocytopenia. 
The most severe cases of malaria are a result of P. falciparum infection, which can cause 
high-grade parasitemia, coma, seizures, pulmonary edema, shock, DIC and renal fail-
ure. erythrocytapheresis is used in the treatment of severely ill patients with parasitemia 
10%, and may result in rapid clinical improvement.

Babesiosis (ASFA Category II for Severe Cases): Babesiosis is a protozal disease 
transmitted from an animal reservoir to humans by tick bites or transfusion. Most cases 
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are subclinical, or result in fever, anorexia, shaking chills, headaches, myalgia, vomiting 
and abdominal pain. Asplenic, immunocompromised (HIV-infected patients in particu-
lar) and elderly patients may have a much more serious clinical course, where symptoms 
may include hemolytic anemia, acute renal failure, disseminated intravascular coagulopa-
thy (DIC), congestive heart failure and pulmonary disease. Usually 1–10% of the RBCs 
are parasitized in normal hosts, but in at-risk individuals parasitemia can reach 85%. The 
primary treatment is antibiotics. erythrocytapheresis is used to rapidly lower the level of 
parasitemia, because the babesia organisms are only present in RBCs, and ameliorate the 
acute hemolytic process. erythrocytapheresis is most commonly performed when para-
sitemia is  10%, depending on the patient’s symptoms and comorbidities, and contin-
ued until parasitemia is  5%.

Erythrocytosis and Polycythemia vera (ASFA Category II for Symptomatic 
Erythrocytosis): erythrocytosis (polycythemia) is characterized by an increase in 
RBC mass and can be primary as the result of a myeloproliferative disorder (MPD) 
such as polycythemia vera (PV), or secondary as a result of defective congenital hemo-
globin, chronic hypoxia related to a respiratory or cardiac disorder, or ectopic (e.g. 
erythropoietin producing malignancy) or dysregulated (e.g. postrenal transplanta-
tion) erythropoietin production. Whole blood viscosity increases significantly as the 
hematocrit (Hct) level exceeds 50%. Hyperviscosity complications include headache, 
dizziness, slow mentation, confusion, fatigue, myalgia, angina, dyspnea and thrombo-
sis. Treatment of secondary erythrocytosis focuses on treating the primary disorder. 
When the primary disorder cannot be reversed, or in patients with MPD, symptomatic 
hyperviscosity can be treated by therapeutic phlebotomy. The therapeutic endpoint 
for phlebotomy varies according to the underlying etiology, but the usual goal is a Hct 
45% in patients with MPD, a Hct of 50–52% in patients with pulmonary hypoxia or 
high oxygen affinity hemoglobins, and a Hct of 55–60% in patients with cyanotic con-
genital heart disease. erythrocytapheresis may be preferred to phlebotomy in hemo-
dynamically unstable patients as a result of less fluid shifts, or in patients requiring 
large-volume RBC removal in a short period.

Volume exchanged: When one blood volume is exchanged, then 63.2% of the ini-
tial RBCs are removed; at 1.5 volumes 77.7% are removed and at 2.0 volumes 86.5% 
are removed. Most apheresis devices request the fraction of cells remaining (FCR) to 
be defined, which is the percentage of the patient’s total RBC volume that should be 
replaced during the procedure. Typically in SCD patients the goal is to have HbS lower 
than 30% at the completion of the procedure and, therefore, if the patient’s initial HbS 
is 100%, the FCR would be set at 30% for a final HbS level of 30%.

Replacement fluids: For RBC exchange procedures, the patient’s RBCs are replaced 
with leukoreduced donor RBCs. Depending on which anticoagulant-preservative solu-
tion is selected, the Hct of the RBC product will differ. CPDA-1, CPD and CP2D RBC 
products have a Hct of approximately 75%, while additive solution RBC products have 
a Hct of approximately 60%. In children, the Hct of each product may need to be deter-
mined in order to reach the correct end-procedure Hct of the patient. SCD patients 
should receive phenotype-matched and HbS-negative RBC products. In patients with 
polycythemia, RBC reduction procedures use normal saline and albumin (if the removal 
volume is greater than 15% the patient’s total blood volume) for replacement fluid.
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end hematocrit: Most apheresis devices require inputting a final desired Hct 
for the patient. For SCD patients, this value is usually 30% in order to prevent 
hyperviscosity.

Adverse effects: Patients receiving erythrocytapheresis are at risk for RBC transfu-
sion reactions, such as hemolytic transfusion reactions, febrile non-hemolytic trans-
fusion reactions, transfusion-associated lung injury and allergic reactions. These 
reactions are described in the transfusion reactions section of this book.
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Transfus Med Rev 21, 118–133.

Sarode R, Altuntas F. (2006). Blood bank issues associated with red cell exchanges in 
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Szczepiorkowski ZM, Shaz BH, Bandarenko N, Winters JL. (2007). The new approach 
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Thrombocytapheresis is most often employed to remove platelets from patients 
with thrombocytosis, defined as a platelet count  500,000/ l, which can result in 
either hemorrhage or thrombosis.

Indications:

Thrombocytosis (ASFA Category II for Symptomatic Thrombocytosis 
and Category III for Prophylactic or Secondary Thrombocytosis): 
Thrombocytosis can be a primary disorder occurring as a result of a myeloprolifera-
tive disorder, including polycythemia vera [PV], essential thrombocythemia [ET] and 
chronic myelogenous leukemia [CML]), or as a secondary phenomenon such as acute 
bleeding, hemolysis, infection, inflammation, asplenia, cancer, or iron deficiency.

Thrombocytapheresis is usually not indicated in secondary disorders, as these are 
functionally normal, but can be indicated in MPD because the platelets are function-
ally abnormal, leading to thromboembolic events or, less commonly, bleeding. The 
majority of thromboembolic events occur when the count is 600,000/l, although 
the risk is not directly correlated to the circulating platelet number. Hemorrhagic risk 
is greatest with platelet counts 1,500,000/l with associated acquired von Willebrand 
syndrome (AVWS) secondary to a decrease in VWF multimers, which is directly cor-
related to the platelet count.

Thrombocytapheresis should be performed daily or as needed to prevent recurrent 
or progressive thromboembolism or hemorrhage in a patient with a MPD and severe 
thrombocytosis. In addition, thrombocytapheresis may be appropriate for selected 
high-risk patients when platelet-lowering agents are contraindicated or intolerable, 
or when the onset of pharmacologic therapy would be too slow (e.g. before urgent 
surgery). Usually the goal is a platelet count of  600,000/l. Platelet-lowering agents 
must also be given to prevent rapid reaccumulation of circulating platelets.

Volume exchanged: Usually two total blood volumes are processed, resulting in a 
30–60% decrease in platelet count.

Recommended Reading
Szczepiorkowski ZM, Bandarenko N, Kim HC et al. (2007). Guidelines on the use 

of therapeutic apheresis in clinical practice – Evidence-based approach from the 
apheresis applications committee of the American Society of Apheresis. J Clin 
Apher 22, 106–175.
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leukapheresis, also called leukocytapheresis, is mostly used to remove white blood 
cells (WBCs) from patients with hyperleukocytosis, defined as a circulating WBC or 
leukemic blast cell count  100,000/l, which is usually secondary to acute leukemia. 
Hyperleukocytosis results in hyperviscosity, leading to cerebrovascular insufficiency 
(confusion, coma, and hemorrhage) and pulmonary complications (dyspnea and 
hypoxemia). It can also lead to disseminated intravascular coagulopathy (DIC).

Indications:

Hyperleukocytosis (ASFA category I for Symptomatic leukostasis and 
category III for prophylaxis): Hyperleukocytosis may be symptomatic or 
prophylactic.

Symptomatic leukostasis: Typically, symptomatic leukostasis is observed in acute 
myeloid leukemia (AMl) when the WBC is 100,000/l, and in acute lymphoblastic 
leukemia (All) when the WBC is 400,000/l. Myeloid blasts are larger and more 
rigid than lymphoid blasts, and myeloid blasts secrete cytokines, which upregulate 
endothelial cell adhesion molecule expression and activate inflammation, and therefore 
result in symptoms of leukostasis at lower cell counts. Symptoms of hyperleukocytosis 
can also occur in patients with chronic myelogenous leukemia or chronic myelomono-
cytic leukemia, usually in association with an increase in circulating immature myeloid 
cells and WBC counts 100,000–200,000/l, and in patients with chronic lymphocytic 
leukemia and WBC counts 400,000/l. Cytoreduction with leukapheresis can rapidly 
reverse the pulmonary and central nervous system (CNS) manifestations of leukosta-
sis. leukapheresis should be repeated in persistently symptomatic patients until clini-
cal symptoms resolve (typically, WBC or blast counts of 100,000/l in patients with 
AMl and 400,000/l in patients with All). Concurrent chemotherapy is required in 
order to prevent rapid re-accumulation of circulating blasts.

Few studies exist directly determining the efficacy of leukapheresis in sympto-
matic leukemia patients. Bug and colleagues performed a cohort controlled retro-
spective study comparing 25 leukemic patients with WBC 100,000/l who received 
chemotherapy only with leukemic patients with WBC 100,000/l who received 
immediate leukapheresis with chemotherapy. Immediate leukapheresis had a signifi-
cant impact on early death (16% versus 32%; P  0.02). Dyspnea and elevated creati-
nine and lDH measurements were each independent risk factors for early death.

Prophylactic: Prophylactic leukocytapheresis can be performed prior to symp-
tom onset when increased WBC counts are observed. Prophylactic leukocytapheresis 
reduces early mortality, but does not improve long-term survival in patients with AMl 
and hyperleukocytosis (blast count 100,000/l). Studies suggest that prophylactic 
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leukocytapheresis offers no advantage over aggressive induction chemotherapy and 
supportive care in adults with All and a WBC count 400,000/l. In children with 
All and a WBC count 400,000/l, however, pulmonary and CNS complications 
develop in over 50% of children. Therefore, prophylactic leukocytapheresis should be 
considered.

In AMl patients, leukapheresis should be continued until the blast cell count is 
100,000/l; in All patients, leukapheresis should be continued until the blast cell 
count is 400,000/l. Concurrent chemotherapy is required in order to prevent rapid 
re-accumulation of circulating blasts.

Volume exchanged: Usually two total blood volumes (TBV) are processed, result-
ing in a WBC count decrease of 30–60%. efficacy of WBC removal depends on the 
use of an erythroid sedimenting agent, such as 6% hydroxyethyl starch (HeS), which 
can be used to enhance the removal of immature and mature myeloid cells and thus 
mobilization from extramedullary disease sites into the intravascular space during the 
procedure. If removing mature myeloid cells, then HeS should be used.

Timing: leukapheresis should be performed immediately in highly symptomatic 
patients, and then daily as needed to maintain the appropriate WBC count.

Replacement fluids: The majority of leukapheresis procedures result in 15% 
TBV removal, and therefore normal saline is sufficient. In those procedures where the 
volume removed will be greater than 15% of the patient’s TBV, then replacement with 
a colloid solution, such as 5% albumin, is recommended.

Recommended Reading
Blum W, Porcu P. (2007). Therapeutic apheresis in hyperleukocytosis and hypervis-

cosity syndrome. Semin Thromb Hemost 33, 350–354.
Bug G, Anargyrou K, Tonn T et al. (2007). Impact of leukapheresis on early death rate 

in adult acute myeloid leukemia presenting with hyperleukocytosis. Transfusion 47, 
1843–1850.

Szczepiorkowski ZM, Bandarenko N, Kim HC et al. (2007). Guidelines on the use 
of therapeutic apheresis in clinical practice – evidence-based approach from the 
apheresis applications committee of the American Society of Apheresis. J Clin 
Apher 22, 106–175.

Szczepiorkowski ZM, Shaz BH, Bandarenko N, Winters Jl. (2007). The new approach 
to assignment of ASFA categories – introduction to the fourth special issue: clinical 
applications of therapeutic apheresis. J Clin Apher 22, 96–105.
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Extracorporeal photopheresis (ECp) involves the ex vivo exposure of peripheral 
blood mononuclear cells (MNCs), including pathogenic or autoreactive T lymphocytes,  
to photoreactive 8-methoxypsoralen (8-MOp) and ultraviolet A (UVA) light, fol-
lowed by reinfusion of the MNCs to the patient. ECp was first successfully applied to 
the treatment of cutaneous T-cell lymphoma (CTCL). In recent years, ECp has also 
been applied with variable success to the treatment of alloimmune disorders of cell-
mediated immunity, including chronic graft versus host disease (GVHD) and solid-
organ graft rejection, as well as to autoimmune diseases such as refractory rheumatoid 
arthritis, systemic sclerosis and systemic lupus erythematosus.

Pathophysiology: ECp is an immunotherapeutic procedure that results in an anti-
gen-specific immune response directed to autoreactive or pathogenic T cells without 
causing generalized immunosuppression. The precise mechanisms underlying the 
efficacy of ECp are currently being investigated, but the desired therapeutic effects are 
believed to result from multiple synergistic actions. psoralens used for ECp, such as 
8-MOp, intercalate into cellular DNA and upon exposure to UV-A light form DNA 
adducts that trigger photo-oxidation reactions. Treated cells show increased suscep-
tibility to apoptosis, the extent of which depends on both UV-A dose and psoralen 
concentration. However, photodestruction of cells most likely underlies only part of 
the ECp mode of action, as only 2–5% of the entire in vivo leukocyte pool is affected. 
ECp also stimulates the release of cytokines that contribute to the demise of patho-
genic lymphocytes. Furthermore, the cell environment alterations caused by ECp are 
postulated to stimulate monocyte activation and dendritic cell differentiation. When 
activated dendritic cells re-enter the circulation, they may induce a cytotoxic T-cell 
response to antigens in the apoptotic, photomodified T cells.

Methods: ECp is an automated procedure that uses Latham bowl-based apheresis 
via multiple cycles to collect MNCs in plasma and saline for a 270-ml final MNC 
product. 8-MOp is added, and the MNC-psoralen product is exposed to UV-A light 
which activates the psoralen, triggering photo-oxidation and cell death. The treated 
MNC preparation is reinfused into the patient. ECp typically requires heparin as the 
anticoagulant; ACD may be useful if heparin is contraindicated. patients with elevated 
triglyceride or bilirubin levels may be difficult to treat, since photosensors in the ECp 
instrumentation cannot accurately detect the MNC interface. The procedure requires 
4 hours to complete, and is typically performed on 2 consecutive days, every  
2–4 weeks.

Indications: ECp has FDA-approved indications and off-label uses. ASFA also cat-
egorizes indications (noted below).
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Cutaneous T-cell lymphoma (CTCl) (FDA Approved; ASFA Category I 
for erythrodermic CTCl; Category IV for non-erythrodermic CTCl): 
CTCL refers to a group of lymphoproliferative disorders caused by pathogenic, clon-
ally-derived CD4 T lymphocytes that involve the skin. These manifest clinically as 
erythematous patches, plaques, or tumors, and include mycosis fungoides and Sézary 
syndrome. Mycosis fungoides is an indolent disease that progresses from an ery-
thematous phase, the classical plaque stage, to skin tumors or erythroderma. Sézary 
syndrome is an advanced, leukemic form of CTCL that is characterized by lymphaden-
opathy and excessive numbers of atypical T lymphocytes (Sézary cells) in the circula-
tion. prognosis and treatment depend on the type and extent of skin or extracutaneous 
disease. The mean survival in advanced stage CTCL or Sézary syndrome is 2–3 years; 
the most common cause of death is infection resulting in sepsis. Treatment can be topi-
cal, including psoralen photochemotherapy [pUVA]), or systemic, including interferon  
alpha, retinoids and ECp.

Clinical studies of ECp (2 consecutive days every 4 weeks in CTCL) have demon-
strated complete response in 25–50% of patients in 4–12 months, and partial response 
rates of up to 60% in 4–9 months. A positive response to ECp is more likely in those 
patients with short duration of disease, absence of bulky lymphadenopathy or internal 
organ involvement, WBC 20,000/l, Sézary cells 10–20% of MNCs, near normal 
NK cell activity, CD8 cells 15%, lack of prior intensive chemotherapy, and plaque-
stage disease involving 10–15% of the skin. Approximately 75% of patients with 
Sézary syndrome will respond to ECp, and the addition of interferons or retinoids to 
ECp improves the response in the remaining 25%.

Some patients require long-term ECp for disease control, while others may toler-
ate a less frequent procedure schedule. Sézary cells  20% have been associated with 
the need for chronic photopheresis. Improvement of the skin lesions is not always 
achieved with ECp, and the decision to discontinue ECp has to be made in conjunc-
tion with the patient and healthcare team after consideration of the degree and dura-
tion of response, tolerability, and availability, as well as patient prognosis.

Graft versus host Disease (GVHD) (off-label use; ASFA Category II for 
Acute and Chronic Skin GVHD; Category III for non-skin Acute and 
Chronic GVHD): GVHD results from activation of donor T cells following allo-
geneic HpC transplantation (HpCT) and may be acute (aGVHD), typically occurring 
within 3 months of transplantation, or chronic (cGVHD), typically occurring between 
50 and 200 days post-HpCT. Standard therapy for this condition consists of high-dose 
corticosteroids as well as immunosuppressive agents such as mycophenolate mofetil, 
tacrolimus, and methotrexate. Mortality in patients with severe GVHD remains high 
despite aggressive immunosuppressive treatment.

ECp can achieve response rates of up to 70% with demonstrable improvement in 
joint contractures, lichenified skin changes, xerophthalmia, and xerostomia in patients 
whose cGVHD is resistant or refractory to immunosuppressive medications. ECp may 
also be effective in improving bronchiolitis obliterans and the gastrointestinal manifes-
tations of cGVHD. In aGVHD, response rates of up to 60% have been reported with 
ECp. Some aGVHD patients treated immediately after HpC engraftment have devel-
oped pancytopenia associated with ECp. The typical procedure regimen for GVHD is 
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2 consecutive days every 1–2 weeks until there is a disease response, and then tapered as 
tolerated.

Heart Transplant rejection (off-label use; ASFA Category I for prophy-
laxis for rejection; Category II for Treatment of rejection): Complications 
of heart transplantation include cellular rejection, which is mediated by T cells, and 
allograft vasculopathy, which is an accelerated form of atherosclerosis that occurs 
in up to 60% of transplanted recipients within 5 years. prevention and treatment of 
rejection employ immunosuppressants such as cyclosporine, mycophenolate mofetil, 
corticosteroids, and antilymphocyte antibodies. patients treated with ECp prophylac-
tically after cardiac transplantation may exhibit fewer rejection and infection episodes 
and better survival. In addition, a decrease in coronary artery intimal thickening has 
been demonstrated in patients treated with ECp versus those treated with immuno-
suppressants alone. ECp is performed on 2 consecutive days per week, initially, then 
every 2–8 weeks for several months. The largest randomized clinical trial treated 
patients with 24 series (2 days) of ECp during the first 6 months following transplan-
tation and demonstrated decreased rejection, while the second largest study showed 
significant reduction of vasculopathy with one ECp series every 4–8 weeks for 2 years.

lung Transplant rejection (off-label use; ASFA Category III): Acute lung 
allograft rejection, characterized by bronchiolitis obliterans syndrome (BOS), occurs 
in 60–80% of patients 5–10 years after the transplant. Lung transplant recipients are 
maintained on immunosuppressive therapy. The initial treatment of BOS is usually 
pulsed high-dose methylprednisolone; if the patient does not respond, alternative 
immunosuppressive therapies have been used. ECp was initially used in the con-
text of refractory BOS, and demonstrated a beneficial effect. In addition, ECp may 
be effective in patients with persistent acute rejection and early BOS, thus prevent-
ing further loss of pulmonary function. A common regimen includes one series (2 
consecutive days) every 2 weeks for the first 2 months, followed by once monthly 
for the next 2 months for a total of six series. Another option is one series weekly for  
5 weeks, then every 2 weeks for 2 months, and monthly thereafter.

pemphigus Vulgaris (off-label use; ASFA Category III): pemphigus vulgaris 
is a rare, potentially fatal, autoimmune mucocutaneous blistering disease with an asso-
ciated antibody to desmoglein 3. Treatment with corticosteroids or other immunosup-
pressant agents reduces the mortality rate from 70–100% to 30%. Clinical response 
to ECp has been reported.

Scleroderma/progressive Systemic Sclerosis (off-label use; ASFA Cate-
gory IV): Systemic sclerosis (or scleroderma), is characterized by the accumulation 
of connective tissue in skin and viscera. Three randomized trials of ECp therapy for 
scleroderma have shown conflicting results. An early multicenter study with recent 
onset and progressive scleroderma patients treated with ECp versus D-penicillamine 
(n  79) showed improvement in skin and joint parameters at 6 months. A crossover  
trial in patients with progressive systemic sclerosis of 5 years’ duration (n  19) 
showed no benefit of ECp. The latest multicenter trial of scleroderma patients (2 
years’ duration) randomized 64 individuals to active or sham ECp; no significant  
difference was observed between the groups.
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Adverse effects: ECp is a well-tolerated procedure with limited side-effects due to 
volume shifts. Occasionally, transient hypotension may occur. Low-grade fever may 
occur within 2–12 hours after reinfusion MNCs, likely due to the release of cytokines. 
A temporary increase in pruritis or erythema may occur in patients with CTCL. 
psoralen compounds are contraindicated in patients with aphakia and in those who  
have exhibited reactions to psoralen compounds or have a history of photosensitive 
disease (e.g. porphyria cutanea tarda). patients should avoid sun exposure for 24 hours 
following ECp treatment.
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LDL pheresis removes apo-B-containing lipoproteins (low density lipoprotein 
[LDL] and lipoprotein(a) [Lp(a)]). LDL pheresis is indicated in the treatment of 
familial hypercholesterolemia (FH), which is an autosomal dominant disorder asso-
ciated with mutations of hepatocyte apolipoprotein-B (apo-B) receptors resulting in 
decreased LDL removal by the liver. FH homozygotes have cholesterol in the range 
of 700–1200 mg/dl and heterozygotes have cholesterol in the range of 350–500 mg/
dl, resulting in premature coronary heart disease and death. Approximately 1 in 500 
Americans is heterozygous FH.

Indications:

Familial hypercholesterolemia (ASFA Category I for Homozygotes and 
Category II for Heterozygotes): FDA approved indications for LDL pher-
esis are patients with hypercholesterolemia who are unresponsive to dietary and 
pharmacologic management, or unable to tolerate medications, with an LDL 
cholesterol 300 mg/dl, or with known coronary heart disease and LDL choles-
terol 200 mg/dl. A single procedure reduces LDL cholesterol levels by 50–60%. 
Secondary to the slow rise of LDL and Lp(a), treatment intervals every 2–3 weeks 
maintain an ~50% reduction in cholesterol levels. LDL pheresis is performed 
indefinitely to maintain target lipoprotein levels. Long-term outcome studies have 
demonstrated a significant reduction in the number of cardiovascular events.

Methods: Mutliple selective removal systems are available within and outside of the 
US. Each appears to be equally efficatious in the treatment of hypercholesterolemia. 
All systems require anticoagulation with heparin.

Adverse Effects: The use of angiotensin converting enzyme (ACE) inhibitors is 
contraindicated in patients undergoing LDL apheresis.

Recommended Reading
Szczepiorkowski ZM, Bandarenko N, Kim HC et al. (2007). Guidelines on the use 

of therapeutic apheresis in clinical practice – evidence-based approach from the 
apheresis applications committee of the American Society of Apheresis. J Clin 
Apher 22, 106–175.
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Immunoadsorption (IA) utilizes columns which adsorb out immunoglobulin (Ig) by 
their binding to Staphylococcal protein A. Staphyococcal protein A has a high affinity for 
the Fc portion of IgG, and for aggregated IgG and IgG containing immune complexes. 
The effect of IA may not be secondary to antibody removal but by immunomodulation 
by the release of protein A into the patient, which can subsequently induce B-cell deple-
tion. Currently, Staphylococcal protein A columns are no longer available in the US.

Indications: 

Coagulation Factor Inhibitors (ASFA Category III): Patients with congeni-
tal factor deficiencies can develop alloantibodies against the factor, known as inhibi-
tors. In addition patients can develop autoantibodies to coagulation factors, leading 
to an acquired deficiency. Some of these deficiencies place patients at risk for bleeding, 
while others place patients at risk for thrombosis. In patients with factor inhibitors, 
the therapy should be individualized, depending on the clinical setting, the presence 
or absence of bleeding, and the inhibitor titer. The goals of therapy include cessation 
of bleeding and suppression of inhibitor production. The current treatment options 
for bleeding, or perioperatively, are either to replace or bypass the factor (e.g. the use 
of activated Factor VII in patients with acquired Factor VIII deficiency), or to remove/
suppress the inhibitor. Inhibitor suppression therapy is usually through immuno-
suppressants and inhibitor removal through either IA or plasma exchange; IA is more 
effective than plasma exchange. IA is performed daily until antibody titer decreases 
and bleeding can be easily controlled with other therapeutic modalities.

Idiopathic Thrombocytopenic Purpura (ITP) (ASFA Category II for 
Refractory Disease): ITP is an autoimmune disease where antibodies or immune 
complexes bind to platelet surface antigens, primarily GPIIb/IIIa and/or GPIb/IX, 
resulting in platelet destruction. IA may be considered in patients with refractory ITP, 
with life-threatening bleeding or in whom splenectomy is contraindicated. Previous 
studies of IA have demonstrated a large range of outcomes, ranging from no improve-
ment to long-term remission with response usually seen within 2 weeks. IA is generally 
discontinued when either the patient shows improvement (platelet count 50,000/l) 
or no improvement after six treatments.

Rheumatoid Arthritis (RA), Refractory (ASFA Category II): RA is a chronic 
multisystem autoimmune disease, most commonly associated with inflammatory syn-
ovitis. IA has been used in patients who have failed primary treatments and multiple 
second-line treatments. The usual treatment course is 12 weekly procedures. Clinical 
improvement occurred at weeks 8–12 in most studies.
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Methods: Once plasma is separated, the plasma is perfused through the column 
and then reinfused slowly (less than 20 ml/min) to the patient. The plasma can be 
separated through whole blood phlebotomy (off-line) or via continuous flow cell 
separation (on-line); 1000–2000 ml of plasma are treated using on-line method, and 
250–500 ml of plasma are treated using the off-line method.

Adverse Effects: Use of this column is contraindicated in patients taking angi-
otensin converting enzyme (ACe) inhibitors, or who have a history of hypercoagu-
lability or thromboembolic events. Common adverse effects include chills, low-grade 
fever, musculoskeletal pain, hypotension, nausea, vomiting and short-term flare in 
joint pain and swelling; these appear within 1 hour of the procedure and last for up to 
2 hours. Severe respiratory and cardiovascular toxicities can occur, rarely resulting in 
fatality.

Recommended Reading
Seror R, Pagnoux C, Guillevin L. (2007). Plasma exchange for rheumatoid arthritis. 

Transfus Apher Sci 36, 195–199.
Szczepiorkowski ZM, Bandarenko N, Kim HC et al. (2007). Guidelines on the use 

of therapeutic apheresis in clinical practice – evidence-based approach from the 
apheresis applications committee of the American Society of Apheresis. J Clin 
Apher 22, 106–175.
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C H A P T e R  75
Therapeutic phlebotomy, defined as the therapeutic removal of whole blood, is 
used to decrease abnormally elevated iron stores or red blood cell (RBC) mass. In 
patients with erythrocytosis, phlebotomy decreases the blood viscosity and improves 
cardiac hemodynamics, which improves oxygen delivery and decreases the risk of 
thrombosis. The removal of circulating erythroytes leads to decreased total body iron 
and mitigates or abrogates the adverse effects of iron toxicity, such as liver, cardiac and 
endocrine gland dysfunction.

Indications:

Hereditary Hemochromatosis: In the US, the most common cause of iron over-
load is hereditary hemochromatosis (0.26% of the US population is homozygous), 
which results from increased iron absorption in the gastrointestinal tract. Other heredi-
tary diseases resulting in iron overload include juvenile hemochromatosis, autosomal 
dominant hemochromatosis, atransferrinemia, and aceruloplasminemia. Symptoms 
include liver disease, diabetes, and gonadal and cardiac dysfunction. The severity of liver 
disease closely reflects the magnitude of hepatic iron deposition. Serum transferrin satu-
ration and ferritin levels are used for screening, as is testing for the presence of HFE gene 
mutations. The presence of parenchymal hemosiderin deposits on liver biopsy estab-
lishes a definitive diagnosis. The goal of therapy is to reduce iron stores to normal.

Therapeutic phlebotomy is the treatment of choice, and is usually initiated with fer-
ritin levels 200 ng/ml in children and women, 300 ng/ml in men and 500 ng/ml  
in pregnant women. The typical regimen is once per week until iron stores are 
depleted, and then every 3–4 months to maintain normal ferritin levels (typically, 
levels 50 ng/ml, with transferrin saturation below 50%). Heart and liver function 
and control of diabetes improve with treatment.

Secondary Hemochromatosis: Iron overload can result from chronic transfusion, 
such as in patients with sickle cell disease, thalassemia major and acquired refractory 
anemias. These patients typically have anemia, may not tolerate therapeutic phlebot-
omy and are candidates for iron chelation therapy (see Chapter 65). Other diseases 
associated with acquired iron overload include chronic liver disease, porphyria cutanea 
tarda, insulin resistance-associated hepatic iron overload, African dietary iron overload, 
and medicinal iron ingestion.

Polycythemia Vera: Polycythemia vera (PV) is a myeloproliferative disorder (2.3–2.8  
in 100,000 individuals per year are affected) which is characterized by an absolute 
increase in RBC mass and is often associated with leukocytosis, thrombocytosis and 
splenomegaly. Diagnosis is based on an elevated RBC mass (25% predicted) with 
415
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normal arterial oxygen saturation, splenomegaly, thrombocytosis, bone marrow 
hypercellularity, and low serum erythropoietin levels. Therapeutic phlebotomy once 
or twice a week decreases the RBC mass, lowering viscosity and improving blood flow, 
with a goal of a hematocrit of 42% in women and 45% in men.

Secondary Polycythemia: Polycythemia can be secondary to chronic hypoxia 
resulting in elevated levels of erythropoietin, such as in lung or cardiac disease, or 
secondary to increase in erythropoietin, as seen with impaired renal perfusion or as 
a result of erythropoietin-producing tumors. Polycythemia can also occur after kid-
ney transplantation. The elevated hematocrit leads to an increase in blood volume and 
viscosity, resulting in headache, hypertension, visual disturbances, lethargy, weakness, 
thrombosis, and cerebral infarction and hemorrhage. As is the case with PV, the treat-
ment is to lower the RBC mass and the viscosity.

Methods: A volume of 450–500 ml of whole blood is removed, which contains 
200–250 mg of iron. Patients with a large body mass may tolerate removal of up to  
2 units per week. Units drawn via therapeutic phlebotomy cannot be used for alloge-
neic transfusion unless they are from individuals with hereditary hemochromatosis, 
it is performed at no expense to the individual, the individual meets FDA allogeneic 
blood donor criteria, and the center has a FDA variance for use of these units.

Adverse effects: Adverse effects of therapeutic phlebotomy are similar to those seen 
occurring with whole blood donation or erythrocytapheresis for other indications (see 
Chapters 8 and 69, respectively), and include vasovagal reactions and infection, bruis-
ing or hematoma formation at the site of venipuncture. Symptoms of hypovolemia 
can occur in a minority of patients, and can usually be prevented through adequate 
hydration and avoidance of strenuous exercise within 24 hours following the proce-
dure. In addition, patients undergoing therapeutic phlebotomy for erythrocytosis are 
at risk for developing iron deficiency.

Recommended Reading
Franchini M, Gandini G, Veneri D et al. (2004). efficacy and safety of phlebotomy to 

reduce transfusional iron overload in adult, long-term survivors of acute leukemia. 
Transfusion 44, 833–837.

Leitman SF, Browning JN, Yau YY et al. (2003). Hemachromatosis subjects as alloge-
neic blood donors: a prospective study. Transfusion 43, 1538–1544.
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John D. Roback, MD, PhD and Eleanor S. Hamilton, MT (ASCP)

C H A P T E R  76
In this book, the term hematopoietic progenitor cell (HPC) is used to denote both 
those primitive hematopoietic cells that are capable of self-renewal and differentiation 
into all hematopoietic lineages (sometimes known as hematopoietic stem cells), as well 
as those more committed progenitor cells that cannot self-renew. Both populations 
are found in HPC grafts, and each is required for rapid and sustained engraftment. 
HPC transplantation is usually used to treat malignant disease, although indications 
for treatment of non-malignant diseases are expanding. This chapter describes the 
three currently used sources of HPCs for transplantation: peripheral blood (HPC, 
Apheresis), bone marrow (HPC, Marrow), and umbilical cord blood (HPC, Cord 
Blood). All three sources can be used for autologous transplantation, syngeneic trans-
plantation between identical twins (although HPC, Cord Blood use for autologous 
and syngeneic purposes is rare) or allogeneic transplantation. The selection of HPC 
source and donor must take into account a number of factors, including the underl-
ying disease, the recipient’s medical condition, the pre-transplant preparative regimen, 
and donor/recipient preferences for HPC harvest.

HPC, Apheresis: This type of HPC product is harvested by apheresis from the 
peripheral blood of donors. Efficient collection of progenitor cells typically requires 
that the cells be “mobilized” from the bone marrow into the blood of donors by 
chemotherapy (reserved for autologous donors), growth factors and/or more recently 
developed agents. With appropriate mobilization, most normal donors can donate 
sufficient HPCs in a single apheresis session for a transplant. In contrast, autologous 
donors may be challenging to mobilize and collect, depending on their underly-
ing disease process. Given the relative speed, simplicity and non-traumatic nature of 
this procedure as compared to bone marrow harvest, this is the most commonly used 
source for transplantation. Additionally, HPC, Apheresis products tend to engraft 
more rapidly after transplantation.

HPC, Marrow: HPC, Marrow is used less frequently for transplantation than 
HPC, Apheresis, in large part because of the greater difficulty and invasiveness of the  
collection procedure. HPC, Marrow collection is generally performed as an outpatient,  
or as a short-stay surgical procedure under general anesthesia. These products have 
been shown to engraft more slowly than HPC, Apheresis products. Nonetheless, 
recent studies have raised questions about the relative advantages and disadvantages 
of these two graft sources. In some patient populations, such as young (20 year old) 
patients with aplastic anemia or acute leukemia, overall survival has been reported to 
be superior when using HPC, Marrow as a donor source. This may relate to differen-
tial rates of graft-versus-host disease (GVHD) with HPC, Apheresis and HPC, Marrow. 
Randomized trials are currently being conducted to address this issue more definitively.
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HPC, Cord Blood: Previously routinely discarded after childbirth, umbilical cord 
and placental blood is now known to be a source of high levels of HPC that can be 
used for transplantation. In contrast to HPC, Apheresis and HPC, Marrow, which are 
normally collected for a specific patient, HPC, Cord Blood is collected routinely in a 
number of centers and stored frozen in repositories until compatible recipients require 
transplantation. Because this product is banked, the time to obtain HPC, Cord Blood 
for transplantation is often shorter than for HPC, Apheresis and HPC, Marrow. HPC, 
Cord Blood is also associated with lower rates of GVHD than the other two products. 
However, comparisons have shown that HPC, Apheresis and HPC, Marrow have other 
advantages, including more rapid and stable engraftment as well as the opportunity to 
return to the donor for additional cells if needed. Additionally, the HPC content of 
cord-blood products, while sufficient for transplantation of many pediatric patients, 
is often too low for successful transplantation of average-size adults. In these patients, 
multiple HPC, Cord Blood products have been used for a single transplant.

Cellular Content: All three types of HPC products contain not only hematopoietic 
stem and progenitor cells, quantified in relative terms by CD34 cell content, but also 
variable amounts of red blood cells (RBCs), lymphocytes, other WBCs and plasma. 
Processing to remove these components from the HPC graft is discussed below.

Indications: Malignant and pre-malignant diseases are the most common indica-
tions for HPC transplantation. These include acute lymphoblastic leukemia (ALL), 
acute and chronic myelogenous leukemia (AML, CML), myelodysplastic syndrome, 
plasma cell disorders such as multiple myeloma, and Hodgkin and non-Hodgkin lym-
phoma. Non-malignant indications for transplantation include inherited metabolic 
(Hurler syndrome), immune (severe combined immunodeficiency) and RBC (sickle 
cell disease) disorders; marrow failure states (aplastic anemia); and some autoimmune 
diseases (systemic sclerosis).

Collection:

Collection of HPC, Apheresis: Many physicians and donors find HPC collection 
by apheresis preferable to harvesting of marrow. Through the apheresis procedure, 
significantly higher levels of CD34 cells can be collected, which often translates 
into more rapid engraftment for the recipient. Donors require only peripheral venous 
access, are not anesthetized, and do not have to remain in the medical facility for a 
prolonged time after the procedure. Although each procedure requires 2–4 hours 
to complete, and occasionally up to four procedures are needed to collect sufficient 
HPCs, the associated morbidity and inconvenience are minimal. Occasionally, if 
peripheral venous access is inadequate, a temporary central venous catheter may be 
placed for use during the collection period.

Prior to apheresis, HPCs residing in the bone marrow must be mobilized into 
the peripheral blood for collection. Autologous donors can be mobilized by chemo-
therapy, which is an effective method to stimulate egress of HPCs into the peripheral 
blood, as well as through the administration of hematopoietic growth factors (G-CSF 
and GM-CSF) and/or, more recently, developed agents (e.g. AMD 3100) that block 
adhesive interactions between HPCs and the marrow microenvironment. While chem-
otherapy is too toxic for use in allogeneic donors, the other mobilizing regimens can 
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be employed. Studies have shown that combining chemotherapy and growth factors 
leads to greater numbers of circulating HPCs than either method alone, suggesting 
that these mobilization regimens work by different mechanisms. Using the appro-
priate mobilization approaches, either alone or in combination, sufficient HPCs for 
transplantation can usually be collected from autologous donors. If the HPC yield is 
suboptimal, a variety of causes should be considered, including the extent of marrow 
disease and previous treatment, the patient’s age and sex, and genetic factors. Despite 
the use of more limited mobilization regimens for allogeneic donors, almost all can 
produce sufficient numbers of HPCs by apheresis. If donors mobilize poorly, a variety 
of approaches can be used, including remobilization with growth factor at increased 
doses, use of large volume leukapheresis to increase the volume of blood processed to 
collect more HPCs, and alternative combinations of mobilizing agents such as growth 
factors together with AMD3100.

The kinetics of mobilization vary with the regimen. AMD3100 treatment mobilizes 
HPCs within hours of administration. In contrast, growth factor treatment releases 
CD34 cells into the peripheral blood more slowly, and apheresis is typically not ini-
tiated until about the fifth day after starting G-CSF. The timing of mobilization with 
chemotherapy is more variable. In practice, these variations between regimens neces-
sitate frequent monitoring of CD34 counts in the peripheral blood. When the counts 
reach preselected thresholds (typically 5–20 CD34 cells/L), apheresis is initiated. 
The CD34 cell yield from each apheresis session is then determined, and the ses-
sions are continued on a daily basis until the required number of HPCs is collected, 
typically 5  106 CD34 cells/kg recipient weight.

Adverse events: The main complications of HPC, Apheresis collections are due to 
the mobilization regimens. Side effects associated with G-CSF administration include 
bone pain, headache, myalgia, fatigue, malaise and nausea. Rare sequelae include 
splenomegaly, splenic rupture, stroke and anaphylaxis. AMD 3100 side-effects appear 
to be mild, including nausea, diarrhea, and minor numbness in fingers and toes. 
Chemotherapy has the most severe potential adverse effects, as expected. Depending 
on the regimen, these may include significant nausea, hair loss, diarrhea, mucosi-
tis and cytopenias. If venous catheters are used for apheresis, possible complications 
include pain, bleeding and infection at the site of insertion, and a small risk of air 
embolism upon removal of the line.

Harvesting HPC, Marrow: Bone marrow harvests are the traditional method for 
obtaining HPCs for transplantation. They are usually performed under anesthesia 
(local or general) in an operating room by physicians, and occasionally may require 
the donor to stay in the hospital overnight. The typical target cell dose is 2–4  108 
nucleated cells/kg of recipient. Since the percentage of CD34 cells in bone marrow 
is relatively constant (~1–3%), the probable yield can be estimated by performing 
nucleated cell counts during the procedure. The actual yield can later be determined 
by a CD34 count of the product at the end of the procedure. The yield of HPC can 
be a problem, since only a single harvest is performed except in rare circumstances. 
Investigators have attempted to improve the HPC yield by administering G-CSF 
prior to marrow harvesting, but this is not a common practice. After collection, the 
HPC product is mixed with anticoagulant in a sterile container and filtered to remove 
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bone fragments. An advantage of the resulting bone marrow product, as compared to 
HPC, Apheresis, is much lower T-lymphocyte contamination, which leads to reduced 
GVHD complications post-transplant.

Adverse events: For HPC, Marrow collection, multiple aspirations from different 
sites in the iliac crest are typically performed, which can cause prolonged back pain, 
site bleeding, and/or infection in the donor. Rare risks include damage to bone integ-
rity, blood vessels or nerves, including the possibility of death. Some physicians prefer 
to collect autologous blood from the donor in the weeks leading up to this procedure, 
followed by infusion of the units after the harvest is completed to compensate for 
anemia that may develop. Alternatively, standard allogeneic RBC transfusions can be 
given. However, if allogeneic RBCs are transfused prior to harvest, the blood should 
be irradiated.

HPC, Cord Blood: This component is collected from the umbilical cord soon after 
childbirth, followed by processing, freezing and storage. There are several methods of 
collection that vary in terms of timing after birth and procedures used to optimize 
yield. HPC, Cord Blood is either collected by, or under the direction of, representa-
tives of specialized cord blood banks. The minimum cell dose is usually 1.5  107 
nucleated cells/kg of recipient body weight, but cell doses of 1.5–3.0  107 nucleated 
cells/kg may be associated with delayed engraftment.

Processing: In addition to containing the desired HPCs, marrow and apheresis 
products also contain RBCs, other leukocyte populations such as T lymphocytes, 
platelets, and additional cells that are not necessary for effective transplantation. While 
these additional cell types are not problematic for autologous transplantation, they 
may cause morbidities in allogeneic recipients. For example, ABO-incompatible RBCs 
and/or plasma in the HPC component may lead to post-transplant hemolysis, while 
allogeneic T cells can cause significant GVHD. For this reason, allogeneic grafts are 
often processed prior to transplantation to reduce the likelihood of recipient adverse 
effects. Additionally, if either autologous or allogeneic grafts will be cryopreserved, 
they may be volume reduced to decrease the amount of cryoprotectant needed for 
freezing as well as the space needed for storage. Given the number of possible options 
for processing, freezing, storage and infusion of HPC components, detailed consul-
tations between treating physicians and HPC laboratory staff are necessary to assure 
optimal patient outcomes.

Processing of ABO-incompatible Products: HLA compatibility is of para-
mount importance in selecting donors for successful HPC transplantation. In con-
trast, ABO compatibility is of only secondary concern, and in fact donor–recipient 
ABO-incompatibilities occur in nearly half of allogeneic transplants. Because A and 
B antigens are not expressed on early HPCs, ABO incompatibility does not adversely 
affect stem cell engraftment. Nonetheless, ABO incompatibilities can affect RBC pro-
duction and survival after transplantation, necessitating special processing of the graft 
prior to transplantation as well as appropriate selection of blood products for transfu-
sion. In addition, practitioners should understand the specific requirements related to 
ABO-incompatible transplants that have been promulgated by organizations including  
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the AABB, the Foundation for the Accreditation of Cellular Therapy (FACT), and the 
National Marrow Donor Program (NMDP).

Basic processing to remove RBCs or plasma, or to simply reduce the volume of the 
product, can be accomplished through standard centrifugation in component bags 
or centrifuge tubes. Effective centrifugation conditions are dependent on the actual 
instrumentation being used, and need to be developed and validated at each facility. 
Alternative approaches include density-gradient separation, which uses centrifugation 
and density solutions such as ficoll-hypaque to promote more effective separation of 
different product fractions, and buffy coat enrichment. Apheresis instruments and cell 
washers can also be programmed to effectively enrich for the mononuclear cell frac-
tions that contain the desired HPCs while depleting RBCs and plasma.

Three types of ABO incompatibilities are considered below: major, minor and 
bidirectional. Blood product support for recipients of ABO-incompatible transplants 
is discussed in Chapter 46.

Major ABO incompatibility: The occurrence of recipient antibodies that recognize 
donor RBC antigens is known as a major incompatibility. Typically, the antibodies of 
concern recognize A and B antigens, although a major incompatibility can also occur 
with antibodies against other RBC antigens, such as D. Major incompatibilities can 
have both immediate and delayed consequences. In the first case, the recipient antibod-
ies can hemolyze donor RBCs at the time the donor products are infused. This prob-
lem can usually be prevented by depleting RBCs from the graft (typically to levels less 
than 10–20 mL of total RBCs, calculated by volume of product  hematocrit of prod-
uct) prior to infusion. Methods for RBC reduction include sedimentation with hydroxy-
ethyl starch or dextran, and automated cell processing. The method should be validated 
to make certain that sufficient HPCs are retained for transplantation. Alternatively, 
recipient antibodies can be depleted by plasma exchange, but this approach is used less 
commonly because it is more invasive.

In the second case, major incompatibilities can have delayed effects through con-
tinued hemolysis of RBCs newly produced from the engrafted donor HPCs. On occa-
sion, the implicated antibodies can be produced by the residual recipient immune 
system for a significant period post-transplantation (~3–4 months), and sometimes 
longer. Diagnostic findings include the presence of antibodies directed against donor 
RBCs, a positive direct antiglobulin test (DAT) in a mixed-field pattern, and an eluate 
reactive with donor RBCs. Rarely, a pure red-cell aplasia can develop, characterized on 
bone marrow biopsy by the absence of erythroid precursors in the presence of normal 
numbers of other precursor populations. The appearance of donor RBCs in the circu-
lation heralds the waning of the implicated recipient antibodies. Major incompatibili-
ties do not adversely affect thrombopoiesis or granulopoiesis.

Minor ABO incompatibility: Minor ABO incompatibilities are characterized by 
donor antibodies to recipient RBC antigens. Minor incompatibilities can also cause 
significant immediate and delayed hemolytic effects. Immediate hemolytic effects can 
usually be prevented by depleting plasma from donor HPC products prior to infusion, 
which requires only brief centrifugation with subsequent aspiration of the superna-
tant plasma. Delayed hemolytic effects typically manifest between 1 and 2 weeks after 
transplantation, and are characterized by clinically evident hemolysis of residual recipient  
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RBCs. Hemolysis can be brisk, and fatal cases have been described. Delayed effects are 
mediated by donor (“passenger”) lymphocytes that engraft and continue to produce 
anti-recipient RBC antibodies after transplantation. Because these lymphocytes charac-
terize the recipient’s new immune profile, hemolysis does not subside until production 
of recipient-type RBCs ceases, usually within 2 weeks. Particularly severe cases can be 
managed by RBC exchange to rapidly replace recipient RBCs with donor-type RBCs.

Bidirectional (Mixed) ABO incompatibility: A bidirectional incompatibility is the 
coexistence of both major and minor incompatibilities – recipient anti-donor antibod-
ies and donor anti-recipient antibodies. Manifestations are typically a combination of 
those described above. Both RBC and plasma reduction can be applied to the graft to 
reduce the clinical consequences.

Special Processing: Special processing approaches typically involve either negative 
selection to remove unwanted cells (T-cell reduction and tumor cell purging), or posi-
tive selection to isolate cells of interest for transplantation (CD34 selection).

T-cell reduction: Because GVHD following allogeneic transplantation is medi-
ated by donor T cells, methods that remove T cells from allogeneic grafts have been 
used to prevent GVHD. These methods typically use beads coated with anti-T-cell 
antibodies. After binding to T cells in the grafts, the beads (and T cells) can then be 
removed by either magnetic or sedimentation approaches. Alternative approaches use 
a combination of anti-T-cell antibodies and complement to lyse donor T cells in the 
product. While T-cell reduction does reduce the frequency of GVHD, it increases the 
occurrence of other complications. These include opportunistic infections and disease 
recurrence, because donor T cells provide immune surveillance functions in the trans-
plant patient. In addition, graft failure can occur, since donor T cells facilitate engraft-
ment in the allogeneic recipient. Thus, the clinician must carefully weigh the benefits 
of T-cell reduction against the risks for allogeneic transplant patients.

Purging of Tumor cells: Negative selection approaches can also be used to remove, 
or purge, tumor cells from autologous HPC grafts. This process has drawn significant 
interest because tumor recurrence continues to reduce the effectiveness of autologous 
transplantation, and one potential source for the return of tumor is contamination of 
the autologous HPC product with malignant cells. Similar methods to those used for 
T-cell reduction can be applied to tumor purging. However, current methods carry 
the risk of damage to HPCs in the graft, which can impair engraftment. The results 
of clinical studies have not shown a consistent benefit of in vitro purging, and so this 
method is not routinely used. Instead, current efforts have focused on in vivo purging 
for autologous transplant patients: administering chemotherapy before and/or during 
mobilization and HPC collection to reduce the tumor burden in HPC products.

cD34 selection: As an alternative to depleting unwanted cells from HPC prod-
ucts, the stem and progenitor cells can be positively selected. For example, anti-CD34 
antibodies have been used to enrich for the cells that are then transplanted. Recent 
work suggests that a fluorescent marker for the detection of aldehyde dehydrogenase 
may also serve as an effective method to isolate the desired cells from HPC products. 
These methods have not yet become routine, but hold future potential.
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Storage: In many cases of allogeneic transplantation, the donor is collected just 
prior to the time of the recipient’s transplant, and the product is only briefly stored 
at room temperature or in the refrigerator before it is infused. In contrast, autologous 
units are usually collected before or at the start of therapy, cryopreserved and stored in 
the freezer until myeloablative therapy is complete, and then thawed and infused into 
the patient.

In order to maximize viability of frozen HPC, the cryoprotectant solution, freezing 
kinetics and frozen storage conditions must be optimized. Addition of dimethyl sul-
foxide (DMSO) to HPCs prior to freezing effectively prevents cellular dehydration as 
well as the formation of ice crystals. When DMSO (at a final concentration of between 
5 and 10%) is used in combination with controlled-rate freezing, the HPCs retain 
high viability after thawing. Computer-controlled freezers are available for precise reg-
ulation of the HPC freezing rate. Once frozen, HPCs can be maintained at 70°C or 
less in a mechanical freezer, or in a liquid nitrogen freezer. If the second option is cho-
sen, the product can be stored beneath the surface of the liquid nitrogen (196°C) or 
in the vapor phase above the liquid nitrogen surface (150°C or less). Liquid-phase 
storage has the advantage of reducing temperature fluctuations. However, the vapor 
phase is usually chosen for storage of potentially infectious HPC components to limit 
the risks of contamination of other components. There is no defined expiration date 
for frozen HPC components, and those frozen for over 10 years have been used suc-
cessfully for transplantation.

If a component needs to be transported to another facility for transplantation, 
precautions should be in place to assure that the appropriate storage temperature is 
maintained and the HPCs are not exposed to conditions that could impair engraft-
ment (e.g. airport X-ray detectors). Liquid nitrogen dry shippers are available which 
can maintain appropriate temperatures for frozen HPC components for up to 1 week 
without the risk of liquid nitrogen spillage.

Preparation and Infusion: As with standard transfusions, the identity of the 
recipient and the HPC component should be confirmed by medical staff before infu-
sion is started. Frozen HPC components are typically thawed at 37°C at or near the 
patient’s bedside, and then immediately infused at a rate of approximately 5–20 mL/
min. While microaggregate filters (170 micron) can be used, HPC products must 
not under any circumstances be infused through leukocyte-reduction filters, which 
would remove the HPCs from the product. The recipients are often hydrated and their 
urine alkalinized to improve the excretion of free hemoglobin resulting from RBC 
hemolysis.

Adverse events: In most cases, cryopreserved HPC products are not washed to 
remove DMSO, although infusion of DMSO has been associated with some adverse 
effects. These include hypertension, hypotension (which may be prevented by antihis-
tamines), nausea, vomiting, abdominal pain, diarrhea and, rarely, cardiac problems. 
Children may be more susceptible to these symptoms, as may patients who receive 
large DMSO doses (10 mL of 10% DMSO/kg recipient weight). A simple approach 
to reduce the risks associated with large DMSO infusions is to divide the transplant into 
multiple, separated infusions (e.g. two infusions on successive days). If side-effects are 
observed, they can often be managed by slowing or briefly halting the HPC infusion. 
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involved co-culture of donor T cells with cells expressing viral antigens under condi-
tions that favored the selection and expansion of antiviral T cells. After many weeks 
of in vitro selection, the expanded virus-specific donor T cells were shown to rapidly 
reconstitute anti-viral immunity without causing GVHD after allogeneic transplant-
ation. Despite these successes, the labor-intensive nature of these methods restricted 
their use to all but a few transplant centers. Ongoing work is directed at identifying 
additional antigens that can be used for selection of donor T cells to target tumor 
cells. Antigens under study include major and minor histocompatibility antigens, pro-
tooncogenes, and other tumor antigens (PR1, NY-ESO-1). Other efforts are focused 
at finding more rapid and less expensive methods to select donor T cells targeted at 
the antigen of interest while eliminating those that cause GVHD. These approaches 
include depletion of alloreactive cells with immunotoxins, selective in vivo expansion 
of desired T cells by vaccination (veDLI), and transduction of T cells with a suicide 
vector so that donor cells can be eliminated in vivo if GvHD occurs after infusion.

Dosage: An escalating dose regimen is often employed for DLI. Patients are first 
treated with 1  107 T cells/kg recipient body weight. If remission is not achieved, the 
dose can then be increased to 5  107/kg, and once again to 1  108/kg if remission 
still does not occur.

Collection: Aliquots of HPC, Apheresis can be separated and frozen individu-
ally for future use as DLI. Alternatively, DLI can be specifically collected by apher-
esis, using the same techniques as HPC collections without the requirement of HPC 
molibilization.

Processing and Storage: See HPC, Apheresis (above).

Preparation and infusion: See HPC, Apheresis (above).

Quality Assurance: T-cell counts (e.g. CD3) can be performed on collected prod-
ucts for quality assurance purposes.

Adverse events: GVHD is the most common adverse effect of DLI. Below 107  
T cells/kg, GVHD is typically not seen; however, these lower doses also do not show 
significant efficacy. The clinical effectiveness of DLI increases with increasing doses, 
but so does the likelihood of GVHD. Over 50% of patients infused with 108 cells/kg 
develop GVHD. Transient mild pancytopenia and an increased predilection to infec-
tions are also associated with DLI.

Recommended Reading
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While HPCs can be washed in the laboratory to remove DMSO prior to transplant-
ation, the general belief is that washing can lead to loss of HPCs and reduced viability 
of remaining HPCs, which could impair engraftment.

Quality assurance: Samples for quality control testing are typically obtained from 
each component at the time of processing. In most cases, testing is completed prior to 
HPC infusion. If the product is not cryopreserved it may be transplanted before the 
completion of testing, although in this case the physician should acknowledge in writ-
ing that testing has not been completed at the time of transplantation. Because HPC 
components are extremely valuable resources, products with positive infectious dis-
ease markers are not automatically discarded but may be used at the discretion of the 
physician and transplant recipient, provided that proper documentation is obtained 
and maintained. In these cases, the physician will need to determine if the benefit of 
giving the components outweigh the risk, given the patient’s clinical condition.

Dose: The transplant dose of CD34 cells is dependent on the patient, the disease, 
the donor, and the physician’s preferences. Nonetheless, 1  106 CD34 cells/kg recipi-
ent weight is a generally accepted minimum dose for successful autologous transplan-
tation, while 2  106 CD34 cells/kg is a minimum for allogeneic transplantation.

Donor lymphocyte Infusions: Following HPC transplantation, donor-derived 
T cells can both positively and negatively influence outcomes. The positive effects 
include facilitation of allogeneic HPC engraftment by preventing rejection, providing 
immunity to opportunistic pathogens, and mediating a graft-versus-leukemia (GVL) 
effect that reduces the incidence of tumor recurrence. These are, however, balanced 
by the alloreactive effects of donor T cells that lead to potentially lethal GVHD in the 
allogeneic transplant recipient. Donor lymphocyte infusion (DLI) describes the post-
transplant infusion of unselected donor mononuclear cell fractions (primarily donor 
T cells), typically in the setting of relapsed disease.

indications: Primary indications for DLI are transplant recipients with either leuke-
mia recurrence (CML, AML) or viral infection (usually cytomegalovirus [CMV] dis-
ease or Epstein-Barr virus post-transplant lymphoproliferative disease [EBV-PTLD]). 
DLI usually induces complete remission in the majority of CML patients with early 
stage relapse, and the resulting remissions are durable. Similar results can be expected 
when DLI is administered for viral infections. In contrast, patients suffering from 
relapsed acute leukemia or other malignancies (myelodysplastic syndrome, multiple 
myeloma) achieve remission less than half the time following DLI administration, 
and the remissions are typically only transient in these diseases. Outcomes are usu-
ally better if the patient is not experiencing active GVHD at the time of DLI, in large 
part because DLI will produce some degree of GVHD. In fact, in patients with cancer 
recurrence, there is continuing debate as to what extent the GVL and GVHD effects 
are separable, and whether DLI can be effective in the absence of GVHD.

More advanced methods for T-cell immunotherapy are under study, which involve 
selection, manipulation or other processing of the lymphocytes prior to infusion. 
These approaches are collectively termed adoptive immunotherapy. Some of the ear-
liest work was directed at developing methods to prevent or treat CMV and EBV 
disease after allogeneic transplantation with reduced GVHD risk. These approaches 
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involved co-culture of donor T cells with cells expressing viral antigens under condi-
tions that favored the selection and expansion of antiviral T cells. After many weeks 
of in vitro selection, the expanded virus-specific donor T cells were shown to rapidly 
reconstitute anti-viral immunity without causing GVHD after allogeneic transplant-
ation. Despite these successes, the labor-intensive nature of these methods restricted 
their use to all but a few transplant centers. Ongoing work is directed at identifying 
additional antigens that can be used for selection of donor T cells to target tumor 
cells. Antigens under study include major and minor histocompatibility antigens, pro-
tooncogenes, and other tumor antigens (PR1, NY-ESO-1). Other efforts are focused 
at finding more rapid and less expensive methods to select donor T cells targeted at 
the antigen of interest while eliminating those that cause GVHD. These approaches 
include depletion of alloreactive cells with immunotoxins, selective in vivo expansion 
of desired T cells by vaccination (veDLI), and transduction of T cells with a suicide 
vector so that donor cells can be eliminated in vivo if GvHD occurs after infusion.

Dosage: An escalating dose regimen is often employed for DLI. Patients are first 
treated with 1  107 T cells/kg recipient body weight. If remission is not achieved, the 
dose can then be increased to 5  107/kg, and once again to 1  108/kg if remission 
still does not occur.

Collection: Aliquots of HPC, Apheresis can be separated and frozen individu-
ally for future use as DLI. Alternatively, DLI can be specifically collected by apher-
esis, using the same techniques as HPC collections without the requirement of HPC 
molibilization.

Processing and Storage: See HPC, Apheresis (above).

Preparation and infusion: See HPC, Apheresis (above).

Quality Assurance: T-cell counts (e.g. CD3) can be performed on collected prod-
ucts for quality assurance purposes.

Adverse events: GVHD is the most common adverse effect of DLI. Below 107  
T cells/kg, GVHD is typically not seen; however, these lower doses also do not show 
significant efficacy. The clinical effectiveness of DLI increases with increasing doses, 
but so does the likelihood of GVHD. Over 50% of patients infused with 108 cells/kg 
develop GVHD. Transient mild pancytopenia and an increased predilection to infec-
tions are also associated with DLI.
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Tissue banking in the hospital setting
Cassandra D. Josephson, MD

C h A p T e r  77
A recent paradigm shift has occurred in many of the nation’s hospitals in which the 
management of human tissue, and specifically tissue allografts, has been centralized 
within hospital transfusion services.

Transfusion services have: (1) evolved to centrally coordinate the supply, dispens‑
ing and accounting of blood products amongst numerous entities such as blood 
donor centers, multiple hospital departments that include purchasing and receiving, 
intensive care units, surgical and recovery suites, clinics, and emergency rooms; and 
(2) developed an infrastructure to effectively and efficiently receive, process, store, 
and manage and issue blood products. Moreover, blood bankers possess the unique 
knowledge, specialized skills and training, as well as expertise, to handle the varying 
aspects of transfusion services for their hospitals. Therefore, the hospital transfusion 
service appears to be a logical place for centralization and accountability for a hospi‑
tal’s tissue services.

Tissue suppliers and hospital Tissue services: Tissue suppliers (also known 
as tissue vendors), unlike hospital tissue services, are the organizations that recover 
tissue for transplantation from deceased donors (e.g. skin, corneas, cartilage, bones, 
vessels and valves) after aseptic recovery and processing, which may include freezing. 
some of the vendors have patented processing methods to further refine the tissue  
(e.g. bone and connective tissue) through lyophilization and washing/sterilization 
methods. hospital tissue services are the entity in a “centralized model” or entities in 
a “decentralized model” within a hospital that take ultimate responsibility for tissue, 
from the request of the transplanting surgeon, to product selection from a qualified 
vendor, to storage and issuance and, finally, implantation into a recipient. Currently, 
no specific model for managing tissues has been mandated by any regulatory agency. 
hospital tissue services act as the regulator within a hospital, with a major empha‑
sis being placed on traceability and trackability of tissue from donor to recipient and 
back again. If this aspect of tissue transplantation is more rigorously performed, the 
safety of tissue transplantation should be markedly improved.

Tissues Transplanted at hospitals: Tissues can be of allogeneic or autologous 
types. Allogeneic tissues are those recovered from an individual other than the recipi‑
ent, whereas autologous tissue refers to tissue removed from a patient which is slated 
to be reimplanted in that same patient at a later date. Most tissue that is transplanted is 
allogeneic and does not require hLA compatibility, in contrast to organs (e.g. kidney, 
heart) for transplantation. These types of tissues include bones, skin, tendons, corneas 
and heart valves. Allogeneic bone and corneas are the most frequently transplanted tis‑
sue type in the Us. bony allografts are most commonly used for orthopedic surgeries 
in order to decrease infection risks, prevent prolongation of surgery, provide structural 
427
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support and promote bony healing. Corneal allografts are used to correct opacities of 
diseased corneas and restore clear vision, whereas tendons and ligaments are used for 
ligament reconstruction and skin allografts are useful to treat deep burn wounds. Table 
77.1 describes other types of specific human allogeneic tissue and numbers of trans‑
plants performed annually in the Us.

Table 77.1 Human Tissue Transplantation in the US annually

Human tissue allograft type Number of transplants/year

bone 1,200,000

Cornea 50,868

Tendon 32,441

Skin (sq ft) 19,189

ligament 20,293

Fascia lata 16,754

Pericardium 11,304

Heart valve (estimate) 7000

Vessels 1093

roback JD, Combs Mr, Grossman b, hillyer C, ed. (2008). Technical Manual, 16th ed, bethesda, MD. AAbb press.

Autologous tissues are less frequently recovered and stored than are allogeneic  
tissues. The temporary removal of tissue from a patient and later reimplantation of  
the tissue may be critical to a patient’s care. Multiple tissue types, such as endocrine 
(e.g. parathyroid gland, pancreatic tissue) as well as connective tissue, skin and bone 
(e.g. skull flaps and iliac crests) are reimplanted. The storage conditions for these types 
of tissue are dictated by the tissue type. skull flaps recovered from traumatic brain 
injury craniotomy surgeries are the most common autologous tissue stored in hospital 
tissue services.

Regulatory agencies and Tissue banking: In the past decade, the transmis‑
sion of infectious organisms such as hIV, hepatitis C, Clostridium spp., Group A 
streptococcus, Candida albicans and Creutzfeldt‑Jakob disease has been found to have 
occurred following tissue transplantation. The spread of contagions in transplanted 
tissue would reach the general public, and thus became the impetus for regulatory 
agencies that provide direct oversight and accreditation of healthcare organizations to 
issue new regulations and stringent guidelines for the procurement and use of a safe 
supply of tissue. More recently, lack of adequate accounting of, and a lapse in, appro‑
priate tracking and tracing of donor procurement by tissue suppliers and hospital tis‑
sue services resulted in the distribution and use of tainted products (FN‑bTs recall). 
specific agencies now responsible for the administration and oversight of tissue banks 
and hospital tissue services include the American Association of Tissue banks (AATb) 
and the Food and Drug Administration (FDA), namely the division of Good Tissue 
practices (cGTp), The Joint Commission (TJC), and AAbb.
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In 2005, TJC released tissue storage and issuance standards, specifying that written 
procedures, traceability methods and investigative plans that examine adverse events 
be required for hospitals in order to achieve compliance. The FDA also generated writ‑
ten regulations specifically to guide tissue suppliers and tissue processors. In 2006, the 
AAbb issued specific standards by which hospitals would have to manage and oversee 
the use of tissue in their facilities, entitled Guidelines for Managing Tissue Allografts 
in Hospitals. While these agencies provided standards for hospitals on tissue manage‑
ment, specific guidance about which entity should be responsible for tissue services 
within a hospital was not clearly defined, though TJC emphasized that a single group 
should be in charge of transplanted tissue in TJC‑accredited facilities. similarly, the 
FDA provides regulations for tissue banks and processors handling tissue, yet offers 
few guidelines for healthcare facilities regarding how to handle and control (i.e. order, 
receive and transplant) tissues. Finally, while the AAbb Standards provide more gov‑
ernance for tissue services in hospitals, these guiding principles do not explicitly assign 
responsibility to a definitive department within a hospital for its tissue banking.

Decentralized Tissue services in hospitals: The decentralized hospital tissue 
services model is what has historically existed at most hospitals, and is still the infra‑
structure at many institutions around the country. The transplanting surgeon and/or 
surgical service in this model are ultimately responsible for the proper handling of tis‑
sues, from receipt at the hospital to implantation in the patient. This responsibility 
encompasses ordering, receipt, storage and tracking, in addition to adherence to all 
of the regulations set forth by the agencies explained above. Over time this has been 
efficient for surgeons, eliminating administrative bureaucracy and allowing for spe‑
cific tailored ordering of tissues for individual surgeons when necessary. In this sys‑
tem, often the salesperson for the vendor delivers the tissue and takes responsibility 
for proper handling and storage, including passage into the operating room. regulator 
agencies such as TJC have recognized the non‑standard practices of handling tissues 
in the decentralized model within hospitals, and acknowledge the difficulties that have 
been reported for tissue tracking of tissues delivered to the hospital and implanted 
into patients. Currently, TJC does not prohibit decentralization of hospital tissue 
banking, but has augmented the process by requiring a single person to keep track of 
each of the individual practices (e.g. ophthalmologic, orthopedic and cardiovascular 
separate tissue services).

Centralized Tissue services in hospitals: The strongest catalyst for hospital 
administrators to centralize tissue management in their transfusion service stemmed 
from TJC’s standards released in 2005. Drawing upon the vast experience of blood 
bankers and transfusion medicine specialists, the centralization of tissue management 
is a logical progression and natural extension of the duties of the transfusion service. 
Nonetheless, it must be recognized that this transition has not been and will not be a 
seamless process. It is vital that hospital administrators, transfusion service managers 
and transfusion medicine specialists evaluate the institution’s particular tissue needs 
and attain a comprehensive understanding of its transplantation services. With the 
establishment of “tissue services” within the hospital transfusion service, the specific 
needs of transplantation teams can be evaluated and addressed, and provisions made 
for a safe tissue supply.
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Centralized tissue services can provide hospitals with:

l guidance about the type and amount of equipment,
l recommendations for and supervision of staffing and personnel resources, 
l direction regarding physical space and location of tissue services vis‑à‑vis surgical 

suites,
l evaluation of the specific tissue needs of physicians in varying specialties,
l leadership in specialized training of medical technologists on diverse aspects of tis‑

sue services, and
l supportive assistance to the laboratory’s infrastructure on the necessary upgrades to 

support tissue services within, while sustaining optimal operations of, transfusion 
service.

As part of the integration of tissue services within the transfusion service, hospital 
administrators will be required to allocate resources into new strategies, such as billing 
and revenues derived from surgical services.

As blood banks acquire and maintain accurate tissue product inventory, revenue 
losses can be expected to diminish. Moreover, expenses will likely diminish with a 
reduction in product wastage and improved management of ordered products that 
may lead to revenue savings, if not gains. As revenues accrued from tissue transplant‑
ation services expand and support the expenses for tissue services, hospitals will reap 
the benefit of having invested in this centralization as well as coming into conform‑
ance with the newly mandated tissue regulations and guidelines. In the long run, 
hospitals will garner more savings as well as benefits from having expanded on the 
established foundation, skills and technology of their transfusion service.

Recommended Reading
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Overview of the Coagulation System
Thomas C. Abshire, MD and Shawn M. Jobe, MD, PhD

C H A P T E R  78
Hemostasis is an orderly process. When a blood vessel is damaged, von Willebrand 
Factor (VWF) binds to both exposed connective tissue (e.g. collagen) and circulating 
platelets, resulting in platelet accumulation at the site of injury. These platelets become 
activated and both recruit additional platelets and trigger the coagulation system, ulti-
mately leading to the generation of fibrin that overlays the platelet plug. This system 
is tightly regulated by substantial negative feedback mechanisms, including a series 
of coagulation factor inhibitors as well as the fibrinolytic system. Finally, repair of the 
damaged endothelium and remodeling occurs to ensure a smooth vessel surface. This 
process will be reviewed, focusing first on the platelet and vessel wall interactions and 
then on the formation of thrombin, which cleaves fibrinogen to fibrin, and the subse-
quent formation of a fibrin clot. Description of the fibrinogen molecule, the formation 
of fibrin and the role of Factor XIII, as well as the fibrinolytic pathway, can be found in 
Chapters 98, 99, and 129–131.

Platelet/blood Vessel Interaction:

Role of the Blood Vessel: Once the blood vessel is damaged, tissue factor (TF) 
is released and collagen exposed. The supporting structures of the blood vessel wall 
(media and adventicia) allow for constriction of the vessel upon injury. There are 
numerous adhesive proteins in the sub-endothelial basement membrane that provide 
binding sites for platelets. Besides collagen, these include microfibrils, laminin, throm-
bospondin, fibronectin, elastin and vitronectin. To keep these adhesive proteins in 
balance, certain matrix metalloproteinases (MMP), such as collagenase, degrade these 
adhesive proteins. These MMP are activated largely by the contact system of the coag-
ulation cascade (kallikrein), as well as by the fibrinolytic system (plasmin) and specific 
enzymes (trypsin).

Endothelial Cells: Endothelial cells regulate hemostasis by several mechanisms. 
In the healthy state, they keep the vessel open by releasing vasodilators such as nitric 
oxide and prostacycline. Heparin and dermatan sulfates secreted by the endothelium 
accelerate the action of the anticoagulants anti-thrombin and heparin co-factor II. The 
conversion of protein C to activated protein C by thrombin occurs on the endothelial 
surface. Generation of this potent anticoagulant is facilitated by the endothelial mem-
brane proteins, thrombomodulin and the endothelial protein C receptor (EPCR). 
Endothelial cells also activate the fibrinolytic system by releasing tissue plasminogen 
activator (TPA) as well as facilitating the release of the inhibitor to TPA, plasminogen 
activator inhibitor-1 (PAI-1).

Upon injury, the endothelium participates in both hemostasis and inflamma-
tion. Endothelial cells can slow bleeding by promoting vasoconstriction of the vessel 
433
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wall and by secreting certain vasoconstricting proteins, such as renin, endothelin and 
platelet activating factor. Endothelial cells can also release tissue factor which binds to 
Factor VII and initiates the coagulation cascade. Finally, the endothelium can focus 
the inflammatory response to the site of injury through expression of cell adhesion 
molecules and secreted proteins (e.g. platelet activating factor).

The Role of Platelets in blood Vessel Interaction:

Platelet Structure: An overview of platelet structure can be found in Figure 78.1.  
Platelets are anucleate. A network of interconnected channels, the open canal-
icular system, extends from the inside of the platelet to the outside environment, 
and may function to allow the rapid release of the constituents of platelet granules. 
Mitochondria produce ATP, and may also participate in the regulation of the platelet 
activation response.

Mitochondrion
Open

canalicular
system

Alpha granule
VWF, VEGF,

thrombospondin, PF-4

Dense granule
ADP, ATP, serotonin, Ca2�

FiguRE 78.1 Overview of platelet structure.

Platelets contain two major types of granules, which release their contents upon 
activation. The most numerous are the alpha granules, which contain factors that 
regulate clot formation, new blood vessel formation and inflammation. VWF, fibrino-
gen and Factor V are procoagulant proteins contained within the alpha granule that 
may contribute to thrombus formation and stabilization. Alpha granules contain both 
factors that promote new blood vessel growth (angiogenic factors), and factors that 
inhibit new blood vessel growth and stabilize established vessels (angiogenesis inhibi-
tors). Angiogenic factors in alpha granules include vascular endothelial growth factor 
(VEGF), epidermal growth factor (EGF) and platelet derived growth factor (PDGF). 
Some of the angiogenesis inhibitors include angiostatin, thrombospondin and 
endostatin. Regulators of inflammation, or cytokines, are also present in alpha gran-
ules. Examples include platelet factor-4 (PF-4), CCL5 (RANTES) and interleukin-8 
(IL-8). Recent research indicates that despite their similar appearance, there are distinct 
subtypes of alpha granules. The physiologic significance of this finding is a focus of 
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ongoing research. Alpha granule and dense granule release typically are coordinated. 
Contents of the dense granule include ATP, ADP, serotonin and calcium. These factors 
contribute to platelet recruitment and thrombus stabilization at a site of injury.

Platelet Adhesion: At various shear rates, different mechanisms mediate the inter-
action of the platelet with the injured vessel wall. In low shear conditions, the integrin 
IIb3 can function alone to mediate the interaction of the platelet with the vessel wall. 
However, under higher shear conditions present within the arteriole, this mechanism 
is not sufficient, and a two-step process must occur to allow stable platelet-vessel wall 
interactions (Figure 78.2). In these high shear conditions, platelets initially attach 
to exposed collagen in a process mediated by the binding of the A1 domain of von 
Willebrand Factor (VWF) to collagen. Binding of the platelet glycoprotein GPIb-V-IX 
to VWF tethers the platelet at the site of injury, and the platelet translocates across the 
thrombus surface. Platelet stimulation by soluble agonists during translocation acti-
vates IIb3 and promotes the firm adherence of the platelet to VWF and fibronectin 
within the vessel wall. Under conditions of pathologic shear stress, as might occur at 
areas of stenosis, the interaction of GPIb-IX-V and VWF can mediate platelet aggre-
gation independent of IIb3.

Activated
platelets

GPIlbIIIa Fibrinogen Fibrin

Activated platelets
1) Alpha granules
    – VWF
    – FV, FXI
    – Fibrinogen
2) Dense granules
    – ATP, ADP
    – Ca��

Unactivated
platelets

GPIb

VWF

CollagenEndothelial
cells

Adhesion Aggregation Fibrin clot

FiguRE 78.2 Overview of platelet–vessel wall interaction.

Shape Change and Secretion: Once platelets become activated, they change shape 
and release the contents of the alpha and dense granules. Events that take place in the 
cytoplasm include activation of the eicosanoid pathway (thromboxane A2), regulation 
of cAMP and calcium, activation of kinase signaling pathways, and additional signal-
ing which activates IIb3.

Platelet Aggregation: The major receptor on the platelet surface is IIb3. It is 
found on the surface of circulating platelets, but is in an inactive conformation, una-
ble to bind to its primary ligands, fibrinogen and VWF. Stimulation of the platelets 
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by soluble agonists causes IIb3 to change to an active conformation and bind its lig-
ands. This process is called inside-out activation.

Platelet’s Role in Coagulation: In circulating platelets, negatively charged lip-
ids, such as phosphatidylserine, are limited to the inside surface of the bilayer platelet 
membrane. After platelet activation, a subpopulation of platelets externalizes phos-
phatidylserine. At the same time, a membrane rearrangement occurs that results in 
the release of microvesicles from the platelet. Phosphatidylserine externalized on the 
platelet and microvesicle surface binds the coagulation factors FVa and FXa, activating 
the prothrombinase complex, and increasing thrombin generation at the site of injury.

Clot Retraction and Remodeling: Once a stable fibrin clot has been formed, the 
platelets’ contractile properties (actin and the cytoskeleton interacting with fibrinogen 
and platelet IIb3) aid in remodeling of the clot.

Formation of Thrombin: The understanding of how thrombin is formed has 
evolved since the initial description of the coagulation “cascade” (Figure 78.3). This cas-
cade of serine proteases and other factors interacting in a stepwise fashion was broadly 
defined as the extrinsic pathway (tissue factor [TF]/Factor VII [FVII]) and the intrinsic 
pathway (surface-contact factors). In a test tube, the coagulation cascade fairly accurately 
describes the interactions of clotting factors. However, physiologic thrombin generation 
is best described by “stages” of protein interaction rather than “pathways.”

ProthrombinX

XaVIIa

VIIa
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IXa

IXa VIIIa
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Thrombin
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VIII/vWF
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Platelet

VIIIa
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FiguRE 78.3 Overview of thrombin formation.

In the initiation stage, tissue factor located in the vessel wall, from a monocyte or 
an activated endothelial cell, binds activated FVII (FVIIa), which circulates in small 
amounts (1–2% of FVII) in the plasma. The enzymatic activity of the TF–FVIIa complex 
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cleaves small amounts of both FX and FIX, thus producing FXa and FIXa. Small 
amounts of thrombin formed in this initiation stage cleave FVIII and FV, and the 
propagation stage of clot formation begins.

In the propagation stage, a large amount of thrombin is formed through the 
actions of the “tenase” (Factors IXa and VIIIa) and “prothrombinase” (Factors Xa 
and Va) complexes. The tenase complex converts FX to FXa, and the prothrombinase 
complex converts prothrombin to thrombin. In some, but not all individuals, cleavage 
of FIX by FXIa contributes substantially to thrombin generation in this propagation 
phase, perhaps explaining the variable bleeding phenotype in patients with FXI defi-
ciency. Essential cofactors throughout this process include calcium and phospholipids 
from platelets or the endothelial wall.

Initial production of small amounts of thrombin is essential if a stable thrombin 
clot is to be generated. Thrombin is a key component to several crucial steps in the 
formation of fibrin:

1. Release of FVIII from VWF and activation of FVIII

2. Activation of Factors V and XI

3. Activation of FXIII and crosslinking of fibrin

4. Platelet activation (which provides another source of phospholipids)

5. Down-regulation of fibrinolysis by activating the inhibitor, thrombin activatable 
fibrinolytic inhibitor (TAFI).

In some individuals, activation of FXI by thrombin is an important feedback loop 
necessary for the generation of additional thrombin. FXI can also be generated by FXIIa 
(produced by the interaction of high molecular-weight kininogen (HK) with prekal-
likrein (PK) to form a complex on endothelial cells), but the physiologic contribution 
of this so-called “contact pathway” to hemostasis is not required for hemostasis, given 
the lack of clinical bleeding in patients with deficiency of HK, PK or FXII. Thrombin is 
also important in the regulation of coagulation by releasing tissue plasminogen activator 
(TPA) from the endothelial cell and in forming a complex with thrombomodulin and 
activating protein C.

Understanding this process of thrombin formation helps to explain how persons 
with bleeding disorders such as hemophilia and FXIII deficiency manifest delayed 
bleeding. Since these disorders do not have a defect in the TF/FVIIa pathway, small 
amounts of thrombin are generated in the initiation stage, and a fibrin clot is formed. 
However, the formation of additional thrombin is dependent upon the tenase com-
plex. In patients with hemophilia, either FVIII or FIX is absent and the tenase complex 
cannot be formed. Thrombin formation is further limited because the TF/FVIIa path-
way is down-regulated by an inhibitor to the TF/FVIIa complex known as tissue factor 
pathway inhibitor (TFPI). Since production of thrombin in patients with hemophilia 
is dependent upon the TF/FVIIa pathway, this action of TFPI accentuates the defect in 
thrombin formation and fibrin generation in patients with hemophilia. For those with 
Factor XIII deficiency, low levels of the protein (usually  1–2%) contribute to delayed 
bleeding due to lack of cross-linking of the fibrin clot. This lack of a stable fibrin clot 
formation then allows for greater fibrinolysis.
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C H A P T E R  79
Patients who present with a bleeding disorder are common in both the inpatient 
and outpatient settings. It is essential to obtain a thorough history and focused physi-
cal examination in order to render a correct diagnosis. This information, along with 
laboratory screening, can guide the clinician towards a diagnosis. Neither specific nor 
extensive laboratory testing should be undertaken until these components have been 
gathered. This chapter will be divided into the history, physical examination and labo-
ratory screening used for rendering a diagnosis.

History: A focused hematologic history is necessary to determine whether a patient 
has a bleeding disorder. Detailed questioning should be carried out on the following 
topics, for both the patient and family members.

Mucosal Bleeding: Skin findings such as purpura and petechiae can be impor-
tant determinants of a potential bleeding disorder. The size of the bruises, as well as 
their location and whether they are associated with trauma, should be ascertained. For 
example, it is common for small children to have one or two small bruises below the 
knees, but it is rare to have more than five bruises/area, even if these are small (less 
than 1–2 cm in size). A larger bruise (greater than 2 cm in size), particularly if located 
on the trunk or upper extremity, and bruises associated with an underlying hematoma 
are not common in an individual with a normal hemostatic system.

Location of petechiae is also important. For example, a few petechiae underneath 
the eyes are probably normal in a crying child, but other facial or extremity petechiae 
should not be considered as normal. The presence of epistaxis should be discerned. Its 
frequency, duration, location to one nostril and seasonal variation are all important. 
Nosebleeds lasting greater than 15 minutes are probably clinically important. Any 
medical intervention (cauterization, iron therapy or other medication, transfusions, 
etc.) should be noted. Questioning should also take place regarding oral-related bleed-
ing, including bleeding when tooth-brushing or flossing, gum bleeding and blood loss 
from tooth eruptions or from tooth loss, particularly after wisdom teeth have been 
extracted.

Menorrhagia: The presence of menorrhagia and treatment for menstrual bleeding 
should be assessed carefully. It is important to record the length of the menses, as well 
as the number of pads or tampons utilized each day. Menses of 7 days’ duration is 
thought to be at the upper limit of normal. The clinician should ask if the pads or 
tampons utilized are partially or totally soaked with blood, and whether there are clots 
associated with the menstrual bleeding. It may also be helpful to question whether 1 
or 2 days of menses are particularly “heavy,” requiring frequent changing of pads/tam-
pons that are completely saturated with blood, even if the total duration of menses is 
439
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in the normal range. There are now well-defined scoring systems which aid in assess-
ing the severity of menorrhagia (e.g. the PBAC score).

Other Bleeding History: The patient should be assessed for a history of excessive 
bleeding post-childbirth, either by vaginal delivery or via cesarean section. The pres-
ence of surgically related bleeding or bleeding after minor cuts or lacerations (dura-
tion more than 5–10 minutes), especially those requiring sutures, should be tabulated. 
Poor wound healing and excessive scarring should be documented. Questions should 
be asked regarding symptoms commonly associated with hemarthrosis and/or muscle 
bleeding, as patients might be unaware that what they consider as a severe “muscle 
strain” or “sprained ankle” might actually be a muscle or joint bleed. Lastly, history of 
bleeding from the gastrointestinal or urinary tract should be ascertained.

Bleeding in Infancy: A bleeding history during infancy should be obtained. This 
includes bleeding in the scalp at birth, bleeding from circumcision or delayed bleeding 
from the umbilical cord, bleeding from laboratory sampling obtained in the nursery, 
and subcutaneous tissue and/or muscle swelling greater than 3–4 cm associated with 
immunizations administered throughout the first year of life.

Medications: Patients should be questioned regarding any prior transfusion history 
of plasma, platelets or red blood cell products. Additionally, the use of medications, par-
ticularly drugs that affect platelet function – such as aspirin, other anti-inflammatory 
medication and oral anticoagulants – should be ascertained. Many drugs might affect 
platelet function, and it is prudent for the clinician to verify all medications and herbal 
remedies.

Factor Deficiency versus Platelet/vessel Interaction Bleeding: Careful tabu-
lation of a patient’s bleeding symptoms can aid the clinician in differentiating between 
two broad categories of bleeding disorders: factor deficiency bleeding, or a platelet/ 
vessel interaction defect. In general, factor deficiency bleeding is usually delayed, 
is often deeper in its tissue penetration, and may more commonly involve a joint or 
muscle. In contrast, platelet/vessel interaction bleeding is more immediate, can often 
be superficial, and frequently involves mucosal surfaces such as the nose and mouth, 
and the skin and the genitourinary tract.

Physical Examination: The physical examination can aid in the diagnosis of 
a bleeding disorder. Initial focus should be on the external examination, with careful 
attention to mucous membrane bleeding (nose, mouth and conjunctiva) and skin man-
ifestations of purpura and petechiae. In the hospitalized patient, bleeding from IV sites, 
after blood draws, or in association with a chest tube or endotracheal tube can be par-
ticularly instructive. Swelling of the joint or muscle should also be carefully evaluated.

Newborn Bleeding: Special attention needs to be focused on the newborn, who 
might present with a unique bleeding diathesis compared to older children and adults. 
The scalp should be assessed carefully for a cephalohematoma, the umbilical cord 
inspected for bleeding, and any circumcision-related bleeding assessed; the extremities 
should also be inspected for inappropriate leg swelling after intramuscular medication. 
Persistent oozing from a heel-stick blood sample might also be a clue to a bleeding 
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disorder. Finally, a patient with an intracranial bleed should be assessed for possible 
bleeding conditions.

Surgical versus Systemic Bleeding: On the consultative service, patients fre-
quently present who might have an underlying bleeding disorder or whose bleeding 
symptoms might be related to a treatment for which they are hospitalized. It is help-
ful to realize that local non-systemic bleeding which is confined to a single site (such 
as from a chest tube) is often surgical in nature, and not indicative of a coagulopathy. 
This bleeding is often quite brisk and laboratory assessment is normal. In contrast, 
systemic bleeding, such as might occur with an underlying or acquired bleeding disor-
der, involves multiple sites of bleeding, and bleeding which is often prolonged and/or 
delayed. The coagulation laboratory screening tests are often abnormal in this setting, 
further supporting a defect in hemostasis.

Summary Comments: A thorough bleeding history, both for the patient and the 
family, as well as a focused physical examination are essential in the clinical evalua-
tion of congenital or acquired bleeding disorders. However, it is important to remem-
ber that family members might consider an abnormal bleeding and bruising pattern 
as being “normal,” since other family members may present with a similar picture. In 
addition, patients (and children in particular) with a mild bleeding disorder such as 
VWD or a platelet function defect may have no symptoms of bleeding, since they have 
had little opportunity to be hemostatically stressed. If the patient’s bleeding history is 
positive, specific laboratory testing needs to be performed. If the bleeding history and 
physical examination are completely negative, it is often prudent not to pursue addi-
tional laboratory testing unless there is a high clinical index of suspicion or a concern-
ing family history. Moreover, lab testing should be more aggressive in the context of 
potentially higher-risk surgical bleeding, such as with spine or prostate surgery. In this 
case, screening or more specific laboratory testing should be considered.

Laboratory Evaluation: An overall assessment of the coagulation system can be 
provided by five screening tests: complete blood count (CBC) including a platelet 
count; prothrombin time (PT); activated partial thromboplastin time (PTT); thrombin 
time; and platelet function analyzer (PFA). The laboratory aspects of these tests are 
discussed in Chapters 113, 114 and 115. Each of these global coagulation tests is essen-
tial to focus the clinician on potentially serious causes of bleeding. The platelet count 
is important to discern the presence of thrombocytopenia, the PFA can sometimes be 
helpful in evaluating platelet dysfunction, and the PTT is essential to discern the pres-
ence of hemophilia. Elevation of the PT alone likely points to Factor VII deficiency. 
The fibrinogen level is essential in discerning hypofibrinogenemia, and a thrombin 
time is important to help diagnose a dysfibrinogenemia or heparin contamination.

PT, PTT and Mixing Studies: An elevated PT might be indicative of multiple  
factor deficiencies in the common pathway or underlying liver disease. When a pro-
longed PTT is discovered, it suggests a defect in the intrinsic pathway; this could be 
due to a factor deficiency or an inhibitor.

The presence of an inhibitor can be broadly assessed by performing a 1 : 1 mixing 
study, but normally a 1 : 1 mixing study should not be considered unless the initial 
PTT is prolonged greater than 5 seconds. Some laboratories perform this testing in a 
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4 : 1 ratio (to help differentiate a less robust inhibitor). If a mixing study is performed, 
correction of the PTT to the normal range suggests a factor deficiency such as FXII, 
FXI, FIX or FVIII (see Chapter 127).

Factor deficiencies can be further assessed by measuring specific factor levels. 
Levels below 40% (especially for FVIII and FIX) might contribute to bleeding. Lack 
of correction of the PTT suggests an inhibitor. Such inhibitors may promote bleeding 
(e.g. anti-FVIII), but laboratory inhibitors may also contribute to thrombosis in vivo 
(e.g. lupus anticoagulant); these inhibitors, including the lupus anticoagulant, will  
be discussed in more detail later in this book. A specific factor inhibitor (e.g. FVIII 
inhibitor) is suggested by partial correction of the immediate PTT and then prolonga-
tion to near its original baseline value at 1 hour (see Chapters 126 and 128).

PFA and Thrombin Time: Prolongation of the PFA or bleeding time suggests 
a defect in platelet/vessel interaction, with the most common condition being VWD 
or an intrinsic platelet function defect. A long thrombin time is suggestive of heparin 
contamination, and should be confirmed by treating the sample with heparinase and 
repeating it, or performing a heparin assay or a reptilase time. Excessive fibrin/fibrin-
ogen degradation products (including the d-dimer), can also prolong the thrombin 
time. Additionally, a hypo- or dysfibrinogenemia, either on a congenital basis or 
related to liver disease, may also prolong a thrombin time. Finally, antibodies to 
thrombin, which can occur after exposing patients to thrombin glue, might also pro-
long this screening test.

Nonetheless, the most common culprit to prolong both the thrombin time and the 
PTT is heparin. Its ubiquitous presence in hospitals makes contamination of these 
screening tests problematic. Accordingly, most laboratories will address this concern 
by almost uniformly first adding a heparin neutralizing enzyme to a sample with an 
elevated PTT. Correction of the PTT to normal after heparinase confirms the diag-
nosis of heparin contamination. Of note, a sample can have both heparin contamina-
tion and an underlying coagulation defect; thus, specimens that partially correct after 
heparinase use should be further analyzed as above.

vascular Bleeding: If the patient has a history of bleeding and all the screening 
tests previously mentioned are normal, then vascular causes of bleeding should be 
considered. These can include defects in collagen, such as Ehlers-Danlos or Marfan 
syndromes. Many viral infections and rickettsial diseases may also cause mucosal 
bleeding. Henoch-Schonlein purpura is a more common condition in pediatrics 
which should not be confused with a bleeding disorder. The typical appearance of 
reddish-looking lesions on the buttocks, as well as other clinical constellations, should 
focus the clinician on this diagnosis. Certain nutritional deficiencies, such as scurvy 
(vitamin C deficiency), should be considered. Corticosteroids may also cause bruising, 
and it must be remembered that senile purpura is relatively common in the elderly.

Pre-analytical Errors and Pitfalls to Coagulation Testing: The importance of 
heparin contamination to samples has already been discussed. Other specimen collec-
tion difficulties include traumatic venipuncture, slow blood draw producing an acti-
vated specimen, too little or too much blood in a citrated tube, and the presence of 
polycythemia (newborns and those that suffer from congenital heart disease are two 
examples who have less plasma and actually need less anti-coagulant in the blood tube). 
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Additionally, sample validity may be impacted if there is difficulty in not promptly cen-
trifuging the specimen after collection and not separating the platelets from the sample, 
or if the sample is kept at room temperature for too long before processing. It is impor-
tant that the local hospital/clinic ensures that the sample is drawn and processed prop-
erly before freezing it and sending it to the reference laboratory.

Overview of Coagulation Testing: Figure 79.1 summarizes utilization of screen-
ing laboratory tests in determining the cause of bleeding in an individual. In the setting 

The Bleeding Patient

not sick

nl plt ct

1) Plt dysfunction
a) Inherited
b) Acquired
    – infection
    – liver disease
2) VWD

1) Vascular
2) FXIII def
3) Antiplasmin def
4) VWD
5) Dysfibrinogen
6) Unknown
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abn PT, PTT
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nl CBC

ITP

abn CBC

↓retic

PTT PT

–FVII def

PT, PTT

1:1 correction

corrects

1) Hemophilia
2) VWD

1) Heparin
2) FDP/D-Dimer
3) FVIII Inhibitor
4) Lupus anticoagulant

doesn’t correct response

Vit K def 1) DIC
2) Liver disease
3) FII, VII, IX, X def
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FIgurE 79.1 Overview of the approach to a bleeding patient. abn 5 abnormal, BM 5 bone marrow, 
def 5 deficiency, DIC 5 disseminated intravascular coagulopathy, FDP 5 fibrin degradation products,  
Fib 5 fibrinogen level, nl 5 normal, PFA 5 platelet function analyzer, plt ct 5 platelet count, plt 5 platelet, 
PT 5 prothrombin time, PTT 5 partial thromboplastin time, retic 5 reticulocyte count, Vit K 5 vitamin 
K, VWD 5 von Willebrand disease.
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where laboratory testing is normal, obtaining a history as to the type of bleeding is 
helpful in discerning the disorder. Despite a normal screen, patients who present with 
more platelet-/vessel-related bleeding might still have either VWD or platelet dys-
function, or possibly a more rare disorder, such as plasminogen activator inhibitor 
deficiency (PAI-1). If the bleeding history is more similar to factor deficiency-related 
bleeding, this presentation might be secondary to FXIII deficiency, antiplasmin defi-
ciency or mild hemophilia (FVIII, FIX or FXI). Suspicion for mild hemophilia 
is important, since the screening PTT may be normal in individuals with mildly 
decreased FIX levels.
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C h A P T e r  80
This chapter will discuss a variety of disorders associated with congenital throm-
bocytopenia. Although these disorders are most frequently diagnosed in children, 
diagnosis as an adult is not uncommon. Patients with congenital thrombocytopenia 
may present with mild mucocutaneous bleeding or petechiae. Many congenital plate-
let disorders are associated with unique physical characteristics, specific findings on 
the peripheral blood smear, or other associated pathologies (Table 80.1). A thorough 
history, physical examination, and evaluation of the platelet size and smear can help 
differentiate congenital and acquired thrombocytopenias.

Congenital thrombocytopenias have been characterized in a number of different ways. 
Some causes of thrombocytopenia are associated with a specific pattern of inheritance 
(Table 80.2). Assessment of the mean platelet volume (MPV) can further narrow the diag-
nostic possibilities. The normal mean platelet volume (MPV) is 7–11 fl. Platelets smaller 
and larger than this, as well as giant platelets, are unique to particular congenital thrombo-
cytopenias. In this chapter, the congenital thrombocytopenias are grouped by platelet size. 
Diagnosis of a specific congenital thrombocytopenia syndrome is most often based on the 
presence of associated clinical and laboratory abnormalities. In cases where the genetic 
mutation has been identified, DNA sequencing may aid in confirming the diagnosis.

Differential Diagnosis: Several elements of the history provide important clues 
that help distinguish congenital from acquired thrombocytopenia, especially immune 
thrombocytopenic purpura (ITP). A number of medications are associated with throm-
bocytopenia, including heparin, antibiotics and antipsychotic medications. Family and 
past medical history may also provide clues about whether the thrombocytopenia is con-
genital or recently acquired. Close evaluation of the peripheral blood smear and blood 
count, as well as evaluation for hepatosplenomegaly and lymphadenopathy, will help dis-
cern whether myeloproliferative, myelophthistic or aplastic causes might account for the 
thrombocytopenia.

Management: Bleeding manifestations of congenital thrombocytopenias are typi-
cally mild. Supportive hemostatic agents such as DDAVP and anti-fibrinolytic agents 
will often control bleeding in these patients. Platelet transfusion may be necessary in 
some cases. Special considerations for the management of specific congenital throm-
bocytopenias are described below.

Congenital Thrombocytopenias: 

Thrombocytopenia with Small Platelets:

Wiskott-Aldrich Syndrome/X-linked Thrombocytopenia: Wiskott-Aldrich syn-
drome/X-linked thrombocytopenia is a moderate to severe X-linked thrombocytopenia 
445
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Table 80.1 Clinical and laboratory Features associated with Congenital 
Thrombocytopenias

Skin
 eczema WaS gene mutation (Wiskott-aldrich)

Skeletal
Upper extremities
 absent radii with thumbs Thrombocytopenia with absent radii (TaR)
  present/phocomelia
 Restricted pronation of the amegakaryocytic thrombocytopenia with radio-ulnar
  forearm (proximal  
  radio-ulnar synostosis)

 synostosis

 Hand abnormalities (syndactyl, 11q terminal deletion disorder
  absent digits)

Lower extremities
 Various anomalies Thrombocytopenia with absent radii (TaR)
 Hip dysplasia amegakaryocytic thrombocytopenia with radio-ulnar

 synostosis

Cardiac GPIb/IX/V deficiency (DiGeorge, velocardiofacial
 syndrome)
11q terminal deletion disorder
Thrombocytopenia with absent radii (TaR)

Renal
 Hematuria, proteinuria MYH9-related thrombocytopenia
 Congenital malformations Thrombocytopenia with absent radii (TaR)

Gastrointestinal
 Milk-protein allergy Thrombocytopenia with absent radii (TaR)

Auditory

 High tone sensorineural
  hearing loss MYH9-related thrombocytopenia

Ocular
 Cataracts MYH9-related thrombocytopenia

Neurologic
 Mental retardation 11q terminal deletion disorder

Immunologic
 autoimmunity WaS/XlT
 Immunodeficiency WaS/XlT

Hematologic
 Thalassemia/anemia GaTa-1 mutation
 Stomatocytosis Mediterranean stomatocytosis/thrombocytopenia
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with small platelets (MPV 3.5–5.0 fl) that is often associated with eczema and immuno-
deficiency. WAS/XLT is caused by mutations in the WAS gene, which encodes WASp 
(Wiskott-Aldrich syndrome protein). The clinical presentation is variable. Some indi-
viduals have moderate thrombocytopenia (X-linked thrombocytopenia or XLT), while 
others have additional findings, including mild to severe eczema, cellular and humoral 
immunodeficiency, autoimmune diseases, and increased risk of lymphoma.

WASp plays a critical role in the regulation of actin polymerization and intracel-
lular signaling in the activated platelet. Lower levels of WASp are present in patients 
with more severe phenotypes. In addition to the correlation of WASp levels with dis-
ease, genotype–phenotype correlation of disease phenotype with WASp mutations 
has also been identified. Missense mutations are associated with milder disease, while 
nonsense and larger gene deletions are associated with severe WAS.

Although splenectomy has been reported to improve the platelet count in indi-
viduals with XLT, it should be avoided, since asplenia may aggravate an underlying 
immunodeficiency. Treatment of individuals with XLT/WAS is primarily focused on 
the care of acute hemorrhages, and the prevention and treatment of infections and 
autoimmunity.

Thrombocytopenia with Normal Platelet Size: 

Familial Platelet Disorder/Acute Myeloid Leukemia (FPD/AML): Familial plate-
let disorder/acute myeloid leukemia (FPD/AML) is an autosomal dominant syndrome 
characterized by thrombocytopenia and a strong predisposition for the development 
of leukemia. Patients with FPD/AML are thrombocytopenic in the first decade of life, 
and have a mild bleeding diathesis. Abnormalities in platelet aggregation, particularly 
to arachidonic acid, have been reported. Up to 30% of individuals with FPD/AML 

Table 80.2 Inheritance Patterns of Congenital Thrombocytopenias, other than 
autosomal Recessive

X-linked WaS gene mutation
 Wiskott-aIdrich syndrome
 X-linked thrombocytopenia
GaTa-1 gene mutation
 X-linked thrombocytopenia and dyserythropoiesis with or
  without anemia
 X-linked thrombocytopenia/thalassemia

Autosomal dominant MYH9-related thrombocytopenia
Familiar platelet disorder/acute myeloid leukemia
 (FPD/aMl)
Thrombocytopenia with absent radii (TaR)
amegakaryocytic thrombocytopenia with radio-ulnar
 synostosis
Heterozygous GPIb-IX-V deficiency/dysfunction
 Mediterranean macrothrombocytopenia
 Velocardiofacial syndrome/DiGeorge
 Platelet type VWD/type IIb VWD
11q terminal deletion disorder
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develop myelodysplasia or acute myeloid leukemia by the sixth decade of life. Multiple 
hematologic malignancies have occurred in affected individuals, including myelodys-
plasia, acute myeloid leukemia (particularly of the M0 subtype) and lymphosarcoma. 
Bleeding symptoms are usually mild. Affected individuals should be counseled regard-
ing the potential risk of leukemia development to them and affected family members.

FPD/AML is caused by a loss of function mutation in a single copy of the AML1 
gene (also known as CBFA2 or RUNX1). AML1 is a transcription factor important in 
thrombopoiesis. Decreased expression of the AML1 protein resulting from the loss of 
a single allele (gene dosage effect) or a dominant negative effect of the mutated pro-
tein can result in the autosomal dominant presentation of FPD/AML.

Thrombocytopenia with Absent Radii: In its classical presentation, thrombocyto-
penia with absent radii (TAr) presents as neonatal thrombocytopenia in association 
with absent radii. however, severity of the upper limb abnormalities in patients with 
TAr can vary markedly, ranging from subtle abnormalities of the shoulder girdle to 
phocomelia, a complete absence of a portion of the upper limb. In addition to the 
thrombocytopenia and upper limb abnormalities, patients with TAr have a high  
incidence of renal and cardiac abnormalities and milk-protein allergy (50%).

The gene responsible for TAr remains unknown, but several candidate genes 
have been excluded, including hox genes (involved in skeletal development) and the 
thrombopoietin receptor (c-mpl). Cellular studies suggest that a blockade of meg-
akaryocyte maturation and a decreased responsiveness of megakaryocyte precursors 
to various cytokines may underlie the observed thrombocytopenia. The inheritance 
pattern of TAr is autosomal-recessive.

TAr is a diagnosis of exclusion. Prior to making the diagnosis of TAr, a chro-
mosomal breakage syndrome should be excluded (distinguished by the absence of 
thumbs, and chromosomal breakage testing). Chromosomal analysis for the 22q11 
microdeletion should also be performed, as this syndrome can also result in thrombo-
cytopenia (see GPIb-IX-V receptor defects), and limb abnormalities, including absent 
radii, have been reported.

Although the thrombocytopenia observed in neonates with TAr can be quite 
severe, gradual remission of the thrombocytopenia frequently occurs. In older indi-
viduals with TAr, platelet counts often increase to low normal levels. removal of 
milk-containing products has been reported to result in improvement of the throm-
bocytopenia in some cases.

Amegakaryocytic Thrombocytopenia with Radio-ulnar Synostosis: Individuals 
with this autosomal-recessive syndrome have neonatal thrombocytopenia, proximal 
radio-ulnar synostosis resulting in limitation of pronation, digital abnormalities (syn-
dactly and clinodactly) and, commonly, hip dysplasia. Amegakaryocytic thrombocy-
topenia with radio-ulnar synostosis is caused by a mutation of the HOXA11 gene, a 
homeobox gene involved in skeletal development. This disorder should be differen-
tiated from TAr because unlike TAr, where thrombocytopenia frequently improves, 
worsening thrombocytopenia and involvement of other hematologic cell lines often 
necessitates allogeneic hPC transplant in affected individuals.

Congenital Amegakaryocytic Thrombocytopenia: Congenital amegakaryocytic 
thrombocytopenia (CAMT) is an autosomal-recessive neonatal thrombocytopenia 
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caused by mutations to the c-MPL gene, encoding the TPO receptor c-mpl, which 
results in the absence in signaling through the mutated TPO receptor and therefore 
megakaryocyte development is aborted. Patients with CAMT have almost complete 
absence of megakaryocytes at bone marrow biopsy, and serum thrombopoietin (TPO) 
levels are markedly elevated. These patients have a gradual decline in other hemato-
logic cell lines, progressing to bone marrow aplasia, which may neccesate allogeneic 
hPC transplantation.

11q Terminal Deletion Disorder (Paris-Trousseau/Jacobsen Syndrome): Patients  
with thrombocytopenia due to an 11q terminal deletion disorder (11q) have platelets 
with abnormally large alpha granules, characteristic dysmorphic facies, abnormalities 
of the upper extremities, cardiovascular defects (52 of 93 patients), and mild to moder-
ate mental retardation. 11q associated thrombocytopenia is due to decreased levels  
of the transcription factor Fli-1, which is in the deleted region of chromosome 11. 
These patients have abnormally large alpha granules in a fraction of the platelet pop-
ulation, and numerous micromegakaryocytes on bone marrow evaluation. Although 
the thrombocytopenia due to 11q terminal deletion disorder can be quite severe 
at a young age, it frequently resolves by adolescence. Bleeding manifestations of  
11q thrombocytopenia are variable, and platelet abnormalities and clinical symptoms 
of bleeding have been reported to persist after normalization of the platelet count.

Thrombocytopenia with Large/Giant Platelets:

GPIb-IX-V Receptor Defects (Bernard-Soulier, Mediterranean Macrothrom-
bocytopenia, Velocardiofacial (DiGeorge) Syndrome): GPIb-IX-V is the primary 
platelet receptor for VWF, and is composed of the products of four separate genes (Ib, 
Ib, IX and V). Mutations of components of this receptor have been implicated as the 
cause of several thrombocytopenic syndromes, including Bernard-Soulier syndrome 
(BSS), Mediterranean macrothrombocytopenia, and the thrombocytopenia of velocar-
diofacial (22q11 microdeletion) syndrome. Manifestations range from asymptomatic 
thrombocytopenia to severe bleeding associated with BSS. GPIb-IX-V receptor defects 
are explored in more detail in Chapter 83.

MYH-9-related Thrombocytopenia (May-Hegglin, Sebastian, Fechtner, Epstein):  
MYH-9-related thrombocytopenia refers to a spectrum of autosomal dominant clini-
cal syndromes characterized by macrothrombocytopenia and varying degrees of 
nephritis, hearing loss and cataracts. Bleeding symptoms are usually mild, and care 
is typically focused on screening and management of renal and auditory complica-
tions. Macrothrombocytopenia has been reported in all families with a mutation of 
the MYH-9 gene, but penetrance of the other clinical features is variable. One study of 
families with 21 different causative mutations of MYH-9 related disease demonstrated 
high-tone sensorineural hearing loss in 83%, some degree of nephritis (ranging from 
microscopic hematuria to renal failure) in 62%, and ocular cataracts in 23% of patients.

Patients with MYH-9 related disorders were previously classified as having one of 
several different syndromes (May-hegglin anomaly, Sebastian, Fechtner, and epstein 
syndromes) based on their clinical presentation. recently, identification of the causative 
gene of the May-hegglin anomaly resulted in the recognition that these disorders are all 
the result of mutations within the same gene, MYH-9. The protein product of the MYH-
9 gene is non-muscle myosin heavy-chain IIA, a component of non-muscle myosin IIA. 
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The precise biological function of myosin IIA within the platelet is unknown, but it has 
been suggested to serve as a molecular motor facilitating changes in cell shape, phagocy-
tosis, and organelle trafficking. Individual mutations of the gene encoding myosin IIA 
are associated with specific phenotypes. In one study, mutation of amino acid r702 was 
closely correlated with the presence of hearing loss and nephritis. In contrast, no hearing 
loss or nephritis was found in individuals with a mutation of amino acid e1841.

Diagnosis of the MYH-9 related disorders is dependent on the observation of 
macrothrombocytopenia in association with the characteristic leukocyte inclusions 
known as Dohle-like bodies. On close observation, Dohle-like bodies can be identi-
fied in almost all patients with the syndrome. Platelets from these patients have been 
reported to have absence of platelet shape-change in platelet aggregation studies. The 
platelet aggregation pattern is normal, with the exception of a defective response to 
epinephrine.

GATA-1 Related Thrombocytopenia: GATA-1 related thrombocytopenia is a X-linked  
disease characterized by macrothrombocytopenia and varying degrees of dyserythro-
poiesis or thalassemia. The severity of erythroid abnormalities is highly variable, and 
includes thalassemia, mild marrow dyserythropoiesis, and transfusion-dependent ane-
mia with marked anisoctyosis and poikilocytosis. This disorder is associated with muta-
tions of the gene GATA1, which encodes the transcription factor GATA-1. GATA-1 is 
critical for normal megakaryocytopoiesis and erythropoiesis. These patients typically 
have a moderate bleeding diathesis with a greater than expected amount of bleeding 
relative to the observed platelet count. The platelets of patients with a GATA-1 muta-
tion are large and have a paucity of alpha granules, and cytoplasmic clusters of smooth 
endoplasmic reticulum are often noted. Platelet function studies demonstrate abnor-
malities in platelet shape change following platelet activation and impaired platelet acti-
vation by collagen.

Mediterranean Stomatocytosis/Macrothrombocytopenia: Mediterranean sto-
matocytosis/macrothrombocytopenia is an autosomal recessive syndrome caused by 
mutation of either the ABCG5 or the ABCG8 gene. These patients have macrothrombo-
cytopenia and stomatocytic hemolytic anemia with high levels of phytosterols, or plant 
sterols. Dietary and pharmacologic manipulation of phytosterol levels may be of some 
benefit in these patients, and prevent cardiac sequelae associated with phytosterolemia.
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Neonatal alloimmune thrombocytopenia (NAIT) is secondary to maternal allo-
immunization to fetal platelet antigens and subsequent fetal thrombocytopenia (akin 
to maternal red blood cell alloimmunization and hemolytic disease of the fetus and 
newborn [HDFN]). NAIT is the most frequent cause of thrombocytopenia in the first 
few days of life in otherwise healthy term infants, with an estimated incidence of 1 in 
1000–2000 live births. The thrombocytopenia associated with NAIT is often severe 
and can result in serious bleeding, including intracranial hemorrhage (ICH). Rapid 
diagnosis and management is essential to prevent the consequences of life-threatening 
bleeding.

Pathophysiology: Exposure to antigen-positive fetal platelets results in mater-
nal alloimmunization, with subsequent production of immunoglobulin G (IgG) 
alloantibodies. These antibodies pass transplacentally into the fetal circulation, bind 
to fetal platelets, induce clearance by macrophages, and result in fetal and neonatal 
thrombocytopenia.

Antibodies to the HPA-1a antigen is responsible for more than 75% of NAIT 
cases, with antibodies to the HPA-5b and other platelet antigens being implicated in 
a minority of cases. Although 2% of women are HPA-1a negative, only 10% of these 
individuals form anti-HPA-1a antibodies. Thus, HPA-1a fetomaternal incompatibility 
alone is not sufficient for antibody production, or NAIT. The risk of HPA-1a alloim-
munization is highest in women who are HLA class II DRB3*0101.

Clinical Manifestations: NAIT typically occurs in full-term infants. Unlike 
HDFN, NAIT occurs in the first pregnancy in almost 50% of cases. The thrombocy-
topenia, which can occur as early as 20 weeks gestation, is often severe (platelet count 
 20,000/l). Major bleeding, particularly ICH, occurs in 10–20% of untreated NAIT 
cases. In other cases, affected infants may present with asymptomatic severe thrombo-
cytopenia, or with mild bleeding symptoms such as petechiae or purpura.

Diagnosis: In many cases of NAIT, there is no previous history of an affected sibling 
and the thrombocytopenia is unanticipated. Other known causes of thrombocytope-
nia must be rapidly excluded so that appropriate therapy can be initiated. Examination 
of the peripheral blood smear for other abnormalities and confirmation of throm-
bocytopenia is important. An accurate maternal medical history is critical, including 
medication history and history of maternal hypertension, idiopathic thrombocyto-
penic purpura (ITP), systemic lupus erythematosus, other autoimmune disorders and 
inherited thrombocytopenias.

Laboratory diagnosis of NAIT is based on the presence of maternal platelet alloan-
tibodies that bind paternal platelets. In order to determine maternal platelet alloim-
munization, rapid platelet antibody testing is typically performed by ELISA on 
453
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maternal serum; alternative platelet antibody testing techniques include the mono-
clonal antibody-specific immobilization of platelet antigens (MAIPA) assay. In order 
to determine HPA incompatibility between the mother and neonate, usually maternal 
and paternal platelets are phenotyped and/or genotyped (to prevent drawing blood 
samples from the neonate). Because the results of these tests may require days to  
complete, treatment should be initiated based on clinical findings.

Differential Diagnosis: The differential diagnosis of infants with thrombocyto-
penia includes infection, disseminated intravascular coagulopathy, and necrotizing 
enterocolitis. Unlike infants with NAIT, however, infants with these conditions may 
be born with normal platelet counts, which then fall as they become increasingly ill. 
Chronic hypoxia, intrauterine growth retardation, birth asphyxia and congenital infec-
tions should also be included in the differential diagnosis for sick and/or premature 
infants with thrombocytopenia. Inherited platelet disorders should likewise be consid-
ered, such as Bernard-Soulier syndrome, Wiskott-Aldrich syndrome (usually in boys), 
Fanconi anemia, thrombocytopenia absent radii, amegakaryocytic thrombocytopenia 
with radio-ulnar synostosis and congenital amegakaryocytic thrombocytopenia.

The differential diagnosis should also include transplacental transfer of maternal 
platelet autoantibodies. However, the vast majority of infants born to mothers with 
ITP have platelet counts above 50,000/l, with ICH being less common in these 
infants than in those with NAIT.

Management: The management of NAIT should be focused on the prevention of 
severe bleeding, particularly ICH.

Postnatal Management: Once the diagnosis of NAIT is considered likely, 
treatment should be initiated until an alternative diagnosis has been confirmed. 
Thrombocytopenic infants with platelets under 30,000/l and/or evidence of bleed-
ing should be transfused platelets; the transfusion threshold for ill or preterm infants 
is lower. The platelet count should be checked within an hour after the transfusion to 
document response.

Ideally, antigen-negative platelet products (usually HPA-1a and HPA-5b negative are 
appropriate, as these are the offending antigens in ~90% cases) should be transfused, if 
they are available at the local blood center. The most reliable source of compatible, anti-
gen-negative platelets is the mother, but these may be difficult to obtain in a timely fash-
ion. If maternal platelets are transfused, they must be washed to remove the offending  
alloantibodies from the plasma, and irradiated to prevent transfusion-associated  
graft-versus-host disease. Importantly, if antigen-negative platelet transfusions are not 
available, non-antigen negative or antigen untested platelets should not be withheld. 
Non-antigen negative platelets may result in a lower platelet increment than antigen-
negative platelets, but often achieve an adequate response.

Additional treatment approaches, which are often combined with platelet transfu-
sion, include intravenous immunoglobulin (IVIG) at a dose up to 1 g/kg per day for 
1–2 days. Steroids have not been shown to be effective in NAIT.

Evaluation of the patient for ICH by cranial ultrasound is critical, given the high 
morbidity/mortality associated with this complication. The risk of ICH is highest dur-
ing the first 96 hours of life.
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Antenatal Management: A history of a previously affected infant with NAIT, 
a family history of NAIT or the presence of maternal platelet alloantibodies during 
pregnancy are risk factors for NAIT. Fetuses are at high risk for an adverse outcome if 
they are antigen positive and have a previously affected sibling, because more severe 
disease presents earlier in subsequent pregnancies. Evidence of in utero ICH has been 
reported as early as the sixteenth week of gestation. For these reasons, at-risk preg-
nancies must be managed carefully to avoid the devastating consequences of fetal or 
neonatal ICH.

Paternal platelet antigen genotyping should be done to determine the risk of the 
fetus being affected with NAIT. If the father is heterozygous for the antigen in ques-
tion, fetal HPA genotyping should be performed. Samples for fetal genotyping have 
historically been obtained via amniocentesis.

Although the optimal strategies for preventing NAIT are controversial, most 
include the use of frequent fetal monitoring and weekly maternal IVIG (typical dose 
of 1 g/kg per week). IVIG therapy may be started as early as 12 weeks gestation in 
high-risk pregnancies. More typically, IVIG is started at 20 weeks gestation, with or 
without the addition of steroids.

Fetal blood sampling may be used to directly assess fetal platelet counts begin-
ning at 20 weeks gestation. The risks and benefits of this procedure must be carefully 
weighed. Offending antigen-negative, irradiated platelets must be available dur-
ing the procedure, with transfusion typically indicated if the fetal platelet count is 
 50,000/l. Weekly intrauterine platelet transfusions may be necessary in severe cases 
of fetal NAIT.

Delivery: Most experts advocate delivery by cesarean section for fetuses with NAIT 
and platelet counts  50,000/l, with a trend towards deliveries earlier in gestation 
(after fetal lung maturity) for severely affected infants.

The Future: Routine screening of women during pregnancy for the presence of 
platelet alloimmunization, especially anti-HPA-1a, is under investigation in some 
countries.
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Thrombocytopenia is one of the most common hematologic abnormalities in 
newborns. By the second trimester of pregnancy, a normal healthy fetus has a platelet 
count greater than 150,000/l; therefore, a platelet count below this value is abnormal 
and warrants further investigation. Fortunately, clinically significant thrombocyto-
penia (under 50,000/l) is unusual. Thrombocytopenia can be seen in healthy full-
term infants, but is more frequently encountered in sick or premature infants who are 
admitted to the neonatal intensive care units of tertiary care centers. For many infants 
the thrombocytopenia is mild and resolves without intervention, or with treatment of 
the underlying illness. However, in some cases thrombocytopenia can lead to serious 
bleeding, including intracranial hemorrhage (ICH). Thus, rapid recognition and treat-
ment of thrombocytopenia is necessary. In this chapter we will review the acquired 
causes of neonatal thrombocytopenia, except for neonatal alloimmune thrombocyto-
penia (NAIT) which is reviewed in Chapter 81. The congenital thrombocytopenias are 
reviewed in Chapter 80.

Pathophysiology: It is important to determine the underlying cause of throm-
bocytopenia, because the treatment is determined by the mechanism of underlying 
pathology. In general, neonatal thrombocytopenia results from decreased platelet pro-
duction (usually in sick or premature infants), increased platelet destruction (immune 
or consumptive), or platelet pooling secondary to splenomegaly (rare). These mech-
anisms are not mutually exclusive, and some infants (particularly sick or premature 
infants) present with a combination of these mechanisms.

Decreased Production: Thrombocytopenia in sick neonates is thought to be sec-
ondary to decreased megakaryopoiesis as a result of neonatal asphyxia or infection. In 
very sick neonates with disseminated intravascular coagulopathy (DIC), there may be 
platelet destruction as well. Common causes of thrombocytopenia in sick neonates are 
bacterial or viral sepsis with or without DIC, necrotizing enterocolitis (NEC), perina-
tal asphyxia or placental insufficiency, and respiratory distress syndrome. Infants with 
congenital infections, including rubella, herpes, cytomegalovirus, enterovirus and 
HIV, can also present with thrombocytopenia due to poor platelet production.

Increased Destruction: Infants with immune-mediated thrombocytopenia (either 
alloimmune or autoimmune) have increased platelet destruction, usually without 
decreased production. A compensatory increase in megakaryopoiesis is often observed 
in the bone marrow. Neonatal autoimmune thrombocytopenia can occur in infants 
born to women with ITP. Maternal antiplatelet IgG autoantibodies cross the placenta 
and bind to neonatal (and fetal) platelets, and cause platelet destruction by macrophages 
in the reticuloendothelial system. Thrombocytopenia occurs in about 10% of infants 
whose mothers have ITP.
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Kasabach-Merritt syndrome (KMS) is neonatal thrombocytopenia and consump-
tive coagulopathy caused by giant kaposiform hemagioendothelioma (KHE). Infants 
with KMS usually have severe thrombocytopenia, and often have evidence of DIC. 
While the pathophysiology has not been fully established, the thrombocytopenia and 
coagulopathy is presumed to be due to platelet trapping on the endothelium of the 
KHE, but can also be the result of DIC.

Neonatal thrombocytopenia may also occur secondary to thrombosis of a major 
vessel. The thrombocytopenia is thought to result from platelet consumption at the 
site of thrombosis.

Clinical Manifestations: The presenting features of neonatal thrombocytope-
nia can range from the subtle to the obvious, and often do not correlate predictably 
with platelet count. Minor bleeding manifestations include petechiae, ecchymoses, 
purpura, mucocutaneous bleeding, bleeding from venipuncture or circumcision sites, 
blood-tinged secretions or heme positive stools. More serious bleeding, such as pul-
monary, GI or ICH, is less common but does occur, particularly in sick or premature 
infants with severe thrombocytopenia or in infants with NAIT.

Diagnosis: The rapid identification of thrombocytopenia and its cause is impera-
tive in both sick and well neonates, because delays in diagnosis and treatment can have 
serious consequences. In order to make the diagnosis, maternal history (including 
medications), perinatal history, physical examination, laboratory testing and some-
times radiographic evaluations are necessary.

Thrombocytopenia in the Sick or Premature Infant: The most common cause 
of early onset thrombocytopenia is chronic fetal hypoxia resulting from pregnancy-
induced hypertension, diabetes, maternal hemolysis, elevated liver enzymes and low 
platelets (HELLP) syndrome or another maternal factor. In these infants the thrombo-
cytopenia is often mild or moderate, resolving within 10 days in the majority of cases. 
Often these infants have associated findings, such as neutropenia, increased circulat-
ing nucleated red cells and evidence of hyposplenism (spherocytes, target cells and 
Howell-Jolly bodies). Other early causes of thrombocytopenia are prenatal viral infec-
tions (TORCH infections, particularly cytomegalovirus), perinatal bacterial infections 
(group B Streptococcus, Escherichia coli and Haemophilus infuenzae) and perinatal 
asphyxia. The thrombocytopenia is usually mild to moderate, but can be severe, par-
ticularly if DIC is present. Late onset thrombocytopenia, which presents after the 
first 3 days of life, is caused by bacterial sepsis or NEC in more than 80% of cases. 
Thrombocytopenia usually develops rapidly over 1–2 days, and is often very severe 
(under 30,000/l) with an increased risk of bleeding.

Autoimmune Neonatal Thrombocytopenia: This diagnosis should be considered 
in infants born to mothers with a history of ITP and in mothers with thrombocyto-
penia. Approximately 10% of infants born to such mothers have clinically apparent 
thrombocytopenia. Usually these infants are otherwise healthy and have no physical 
findings besides those resulting from thrombocytopenia. The thrombocytopenia is 
typically mild, and severe life-threatening bleeding is rare. The risk of ICH in neonates 
with autoimmune thrombocytopenia is low, but is still higher than older children  
with ITP.
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Kasabach-Merritt Syndrome: KMS presents with thrombocytopenia and con-
sumptive coagulopathy in the setting of a large KHE. KMS should be considered in 
infants who present with unexplained thrombocytopenia. Patients present with 
thrombocytopenia usually within the first few weeks of life. The KHE is generally soli-
tary, and usually involves the extremities, neck or trunk, although sometimes affects 
the viscera. Only a small percentage of infants with KHE develop thrombocytopenia 
and KMS. KHE are cutaneous and visible on physical examination, but radiographic 
imaging of the belly or retroperitoneum may be necessary to diagnose visceral KHE. 
The KHE of KMS usually have a period of rapid growth, followed by spontaneous 
resolution over several weeks to months. During the period of rapid growth, severe 
thrombocytopenia can occur and require supportive therapy. Infants with KMS often 
present with evidence of DIC with platelets under 50,000/l, hypofibinogenemia and 
increased fibrin degradation products. DIC can be severe and the mortality high, 
therefore aggressive treatment is often necessary.

Thrombosis: Neonatal thrombocytopenia may occur as a secondary event after throm-
bosis of a major vessel. Thrombosis is common in sick neonates, especially in infants 
with indwelling arterial and/or venous catheters. The diagnosis of neonatal thrombo-
sis is made by demonstration of the clot by an imaging study such as ultrasound with 
Doppler or MRI.

Differential Diagnosis: Many conditions are associated with neonatal thrombo-
cytopenia, and therefore the differential diagnosis is broad. In neonates presenting 
early in life with thrombocytopenia, inherited platelet disorders should be considered 
including Bernard-Soulier syndrome and other giant platelet syndromes, Wiskott-
Aldrich syndrome (usually in boys), Fanconi anemia, thrombocytopenia absent 
radii, amegakaryocytic thrombocytopenia with radio-ulnar synostosis and congenital  
amegakaryocytic thrombocytopenia. Sick and/or premature infants with chronic 
hypoxia, intrauterine growth retardation, birth asphyxia, perinatal infection and  
sepsis, and congenital infection also present with thrombocytopenia in the first 
days of life. Infants initially presenting with thrombocytopenia after the first days of  
life usually have bacterial infections or NEC. Other disorders which should be con-
sidered include aneuploidies (trisomy 13, 18 and 21), Noonan syndrome, KMS,  
metabolic disease and thrombosis. Well infants with moderate to severe throm-
bocytopenia should be evaluated for neonatal alloimmune and autoimmune 
thrombocytopenia.

Management: The risk of bleeding in neonates with thrombocytopenia varies 
greatly depending on the underlying cause. Infants with thrombocytopenia due to 
IUGR have a relatively low risk, and those with sepsis, NEC and autoimmune throm-
bocytopenia are at intermediate risk. There is very little evidence-based medicine to 
guide the management of neonates with thrombocytopenia. While platelet transfu-
sions are routinely given to asymptomatic thrombocytopenic neonates prophylacti-
cally to prevent bleeding, there are no clinical trials to indicate whether transfusion 
reduces hemorrhage or improves outcome.

Thrombocytopenia in the Sick or Premature Infant: Recognition of the dis-
orders causing thrombocytopenia in sick neonates is based on associated clinical 
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manifestations. Treatment should be focused on the underlying disorder. Infants 
who have evidence of bleeding or who are seriously ill should be managed with plate-
let transfusions to keep the platelet count over 50,000/l, particularly in the first 
week of life when the risk of ICH is increased. Infants who are clinically stable and 
who are without additional risk factors for bleeding may tolerate platelet counts of  
20,000–30,000/l, particularly after the first week of life. Sick infants with DIC and 
coagulopathy should be supported with plasma or cryoprecipitate to keep the fibrino-
gen over 100 mg/dl. Other supportive measures, such as antibiotics, fluids, vasopres-
sors, mechanical ventilation and red cell transfusions, should be administered as 
necessary. In stable infants without bleeding with platelets over 20,000–50,000/l, close 
observation may be the only treatment necessary until the platelet count recovers.

Autoimmune Thrombocytopenia: Infants with NAIT are often healthy term 
infants with few other presenting signs or symptoms other than thrombocytopenia 
and mucocutaneous bleeding. Often no treatment is necessary if the platelets are over 
50,000/l, but close observation for bleeding symptoms and serial platelet counts is 
necessary until the platelet count is stable or rising. The risk of ICH in neonates with 
autoimmune thrombocytopenia is lower than NAIT, but is higher than that of older 
children with ITP, particularly in the first week of life; therefore, intervention is often 
required. In children whose platelet count falls below 50,000/l or in whom there is 
overt bleeding, treatment to increase the platelet count is indicated. The most com-
monly used treatments for neonatal ITP are intravenous immunoglobulin (IVIG,  
1 g/kg for 1–2 days) and/or corticosteroids (methylprednisolone 2 mg/kg per day). 
Both therapies are usually effective in raising the platelets to safe levels within 24–72 
hours of initiation. If serious, life-threatening bleeding occurs, IVIG, corticosteroids 
and platelet transfusions may be necessary to stop the bleeding.

Kasabach-Merritt Syndrome: Supportive care with blood products is usually neces-
sary to manage hemorrhagic complications while treatment is initiated. Platelet transfu-
sions should be given for thrombocytopenia and bleeding. Infants presenting with DIC 
may require plasma infusions and/or cryoprecipitate to correct ongoing coagulopathy.

Several treatment options have been used effectively to manage the KHE of KMS. 
The ultimate treatment strategy depends on the clinical setting and response. When 
possible, surgical resection of the KHE is an effective treatment; however, the lesions 
are often not amenable to surgical intervention. Compression therapy with pressure 
dressings or pneumatic compression devices can be effective as adjuvant therapy in 
patients with limb involvement. Some lesions can be treated with vascular ligation or 
embolization, primarily those with a single vascular supply. Corticosteroids are effec-
tive in some patients, and are the most commonly used first-line medical therapy, but 
up to one-third will not respond. Alternative therapies include chemotherapy (vinc-
ristine, cyclophosphamide) and -interferon (-IFN). However, irreversible spastic 
diplegia has been reported in up to 20% of patients treated with -IFN, therefore 
-IFN should be reserved for life-threatening cases. Anticoagulants (heparin and 
antithrombin III), antiplatelet agents (ticlopidine) and antfibrinolytic drugs (e-ami-
nocaproic acid and tranexamic acid) have been used to manage the consumptive coag-
ulopathy, but there is little evidence regarding efficacy and safety. Despite aggressive 
therapy, the mortality from uncontrollable hemorrhage remains as high as 20–30%.
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Thrombosis: Treatment should be directed at treating the thrombosis, and may 
involve removal of a catheter, directed thrombolysis and/or systemic anticoagulation. 
Platelet infusions should be given to keep the platelets over 50,000/l, especially in 
patients receiving thrombolytic or anticoagulant therapy.
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Mutations in the major platelet receptor for von Willebrand factor (VWF), GPIb-
IX-V, result in a number of different syndromes. Clinical manifestations of these syn-
dromes range from a severe platelet function defect in patients with a homozygous 
deficiency, to mild thrombocytopenia in patients with heterozygous deficiency. 
Platelet-type VWD, a syndrome similar to type 2B VWD, also is caused by mutations 
in the GPIb-IX-V receptor.

Bernard-Soulier Syndrome: Bernard-Soulier syndrome (BSS) is an autosomal 
recessive platelet disorder characterized by thrombocytopenia, the presence of giant 
platelets, and defective ristocetin-induced platelet agglutination.

BSS occurs when a mutation is present in both alleles of one of the components 
of the platelet receptor GPIb-IX-V. GPIb-IX-V is the receptor that is predominantly 
responsible for the von Willebrand factor (VWF)-dependent adhesion of platelets in 
damaged arteries. The absence of GPIb-IX-V results in greatly diminished platelet 
accumulation at sites of vessel injury, and bleeding. GPIb-IX-V is a multimeric recep-
tor complex composed of the products of four separate genes (Ib, Ib, IX and V). 
Homozygous and compound heterozygous mutations responsible for BSS have been 
identified in GPIb, GPIb and GPIX components. Absence of any one of these com-
ponents results in markedly decreased cell-surface expression of the entire GPIb-IX-V 
complex, since intracellular association of the GPIb, GPIb and GPIX subunits is 
necessary for the appropriate trafficking of GPIb-IX-V. BSS caused by mutations in 
GPV have not been identified.

Giant platelets are a characteristic feature of BSS, and it is not uncommon to see 
platelets as large as 20 m in diameter (RBC are 8 m). Platelet counts in individuals 
with BSS range from 20,000/l to near normal. Platelet aggregation studies in patients 
with BSS demonstrate a poor agglutination response to ristocetin and botrocetin. Both 
ristocetin and botrocetin bind and activate the GPIb-IX-V receptor. Activation of the  
GPIb-IX-V receptor allows the binding of VWF and platelet agglutination results. 
Continued absence of agglutination when tested in the presence of added normal platelet-
poor plasma indicates that the lack of agglutination is caused by a defect in the patient’s  
GPIb-IX-V receptor, and not by absent or dysfunctional WVF. GPIb-IX-V levels deter-
mined by flow cytometry typically demonstrate the absence of the GPIb-IX-V receptor 
complex from the platelet surface. However, variant forms of BSS have been identified 
that have expression of a dysfunctional GPIb-IX-V complex on the platelet surface.

BSS patients frequently have a clinically significant bleeding disorder. Mild to mod-
erate bleeds can be adequately treated using DDAVP and anti-fibrinolytic agents. 
Platelet transfusion is recommended for more severe bleeding manifestations.
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Benign Mediterranean Macrothrombocytopenia: Mediterranean macrothrombo- 
cytopenia is an autosomal dominant disorder characterized by moderate thrombocyto-
penia, large platelets and a mild bleeding diathesis. The bleeding symptoms can usually 
be adequately treated using DDAVP and anti-fibrinolytic agents. A causative mutation 
(Ala156Val) in the gene encoding GPIb is present in approximately 50% of affected 
individuals.

Mediterranean macrothrombocytopenia was first described in 1975 in a study that 
compared 145 asymptomatic Mediterranean and 200 Northern european subjects. 
In this study, an increased incidence of individuals with thrombocytopenia and large 
platelets was noted in the Mediterranean population. Recently, a heterozygous mis-
sense mutation (Ala156Val) of GPIb was identified as a potentially important cause 
of this disorder. Sequencing of consecutive patients who presented to an Italian clinic 
with symptoms of Mediterranean macrothrombocytopenia identified the Ala156Val 
mutation in 6 of the 12 patients. This relatively high incidence suggests that Ala156Val 
mutations in GPIb may account for a large proportion of cases of macrothrombocy-
topenia in Mediterranean populations. The remaining gene mutations responsible for 
Mediterranean macrothrombocytopenia are unknown.

Thrombocytopenia and Velocardiofacial (DiGeorge) Syndrome: Macro- 
thrombocytopenia often occurs in patients with hemizygous deletion of the chromo-
somal region 22q11. This deletion results in a constellation of syndromes called the 
velocardiofacial syndrome (VCF). Characteristics of patients with VCF include a typi-
cal facies, hypocalcemia, thymic aplasia, cardiac anomalies and learning disabilities.

More than half of the 22q11 deletions in patients with VCF include the region 
encoding GPIb. Heterozygous absence of the GPIb component of the GPIb-IX-V 
complex accounts for the mild thrombocytopenia observed in approximately 40% of 
patients with VCF. Clinically significant bleeding is rarely reported. However, deficien-
cies of other genes within the deleted region may result in immune dysregulation, and 
patients with VCF have an increased tendency for autoimmune thrombocytopenia.

Platelet-type von Willebrand Disease (Gain of Function Mutation of GPIb-
IX-V): Patients with platelet-type von Willebrand disease (PT-VWD) present clini-
cally with thrombocytopenia and low von Willebrand factor (VWF) levels. Significant 
mucocutaneous bleeding can occur in patients with PT-VWD. Platelet transfusion 
is typically used as therapy when other supportive measures have been attempted. 
DDAVP administration or transfusion with plasma-derived VWF concentrates may 
provide some benefit, but should be used with caution as they may aggravate the 
thrombocytopenia.

PT-VWD is caused by a unique set of mutations in the GPIb subunit of the 
GPIb-IX-V complex. Causative mutations for platelet-type VWD have been identi-
fied in the VWF binding domain of GPIb and a region of GPIb called the macro-
glycopeptide region. These mutations cause GPIb to bind with VWF with increased 
affinity. Spontaneous binding of circulating VWF to the platelet GPIb-IX-V recep-
tor results in a low plasma VWF level. Thrombocytopenia might result either from 
clearance of VWF-bound platelets, or from impaired thrombopoiesis due to increased 
megakaryocyte GPIb-IX-V receptor activation.
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Laboratory studies in PT-VWD and type 2B VWD are similar, and distinguishing 
these two clinical entities can be difficult. Both PT-VWD and type 2B VWD result 
in mildly decreased levels of plasma VWF and a disproportionate decrease in high 
molecular weight VWF multimers. Both result in thrombocytopenia, and both show 
an enhanced platelet agglutination response to ristocetin that is particularly observable 
at low ristocetin concentrations. In PT-VWD, the enhanced ristocetin agglutination 
response is due to GPIb mutations that increase the binding affinity of the platelet 
GPIb-IX-V receptor to VWF. In type 2B VWD the enhanced agglutination response 
is due to specific mutations in VWF in its GPIb binding domain (A1 domain) that 
increase its binding affinity to the platelet GPIb-IX-V receptor. The two can be distin-
guished by testing of VWF binding to platelets or by DNA sequencing (Chapter 123).
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Glanzmann thrombasthenia (GT) is an autosomal-recessive platelet function 
disorder where platelet appearance and platelet number are unaffected. GT patients 
present with platelet-type bleeding, which may be severe, such as purpura, epistaxis, 
oral mucosal bleeding, menorrhagia or gastrointestinal bleeding.

Pathophysiology: Mutations in both alleles of one of the genes that encode for 
the IIb or 3 polypeptide of the platelet integrin receptor IIb3 result in GT. IIb3 
is the integrin receptor that mediates platelet adhesion to fibrinogen and VWF, and is 
normally expressed at high levels on the platelet surface. In the absence of functional 
IIb3, both platelet adhesion and platelet recruitment, or aggregation are markedly 
impaired.

The majority of causative mutations in patients with GT result in severely decreased 
platelet surface expression of IIb3. Mutations in the IIb or 3 component result in a 
similar phenotype. Reported mutations include point mutations, splice defects, and 
small deletions and gene inversion.

Variant GT: Variant forms of GT have been identified in which normal or mod-
estly decreased levels of IIb3 are expressed on the platelet surface. The phenotype 
in patients with variant GT is due to expression of a dysfunctional IIb3 protein on 
the platelet surface. Mutations in both the extracellular and intracellular domains of 
IIb3 can result in variant GT. Events that occur at the IIb3 intracellular cytoplasmic 
tail upon platelet activation are required for normal platelet function. These platelet 
activation events result in a change of IIb3 structure from a “bent” inactivated form 
to an activated and extended ligand binding conformation, a process known as inside-
out signaling. Mutations in IIb3 that interfere with this inside-out signaling process 
have been identified. Another group of patients with variant GT have mutations in 
the MIDAS (metal-ion-dependent adhesion site) extracellular domain of 3. MIDAS 
domain mutations result in defective receptor activation, impaired ligand binding, or 
instability of the receptor complex on the platelet surface. Constitutive activation of 
IIb3 can also result in variant GT. Platelets from a GT patient with an extracellu-
lar mutation (Cys560Arg) in 3 spontaneously bound fibrinogen, perhaps preventing 
appropriate engagement of the platelet receptor at sites of injury. Another variant form 
of GT, due to a mutation in the integrin binding protein kindlin-3 occurs together 
with a leukocyte adhesion defect. Integrins present on leukocytes and platelets, includ-
ing 1, 2 and 3, are all dysfunctional.

Diagnosis: Platelet aggregation studies in GT patients demonstrate absent or greatly 
diminished responses to all agonists. Response to the agglutinating agent, ristocetin, is 
unaffected, since platelet agglutination that occurs in response to ristocetin is medi-
ated by the GPIb-IX-V receptor complex and is not IIb3 dependent. Flow cytometry 
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studies for CD41 (IIb) or CD61 (3) can be used to distinguish patients with absent 
IIb3 expression from patients with variant GT. IIb3 can be identified on the surface 
of platelets of patients with variant GT. Most GT patients will have greatly decreased 
or absent surface levels of IIb3.

Management: Patients with GT frequently require platelet transfusions for bleed-
ing episodes, often starting from infancy. In patients with absent IIb3 on the surface 
of the transfused platelet may be recognized as a foreign protein. Alloimmunization to 
IIb3 or hLA antigens may occur, and result in the development of a platelet refrac-
tory state. Recombinant Factor VIIa has been used with some effectiveness in patients 
with GT who are unresponsive to platelet transfusions. hPC transplantation may also 
be an effective therapeutic option in severe cases.
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A number of clinical syndromes are associated with storage granule defects. The 
release of platelet cytoplasmic granules following platelet activation contributes to 
propagation and stability of the forming thrombus. These storage granule defects  
typically result in a mild bleeding disorder.

There are two types of platelet cytoplasmic granules:

1. Platelet dense granules, sometimes called  granules, contain calcium, serotonin, 
adenosine diphosphate (ADP) and adenosine triphosphate (ATP) and have a dark 
electron dense appearance by electron microscopy.

2. Platelet -granules contain proteins with a number of different functions. Procoagulant 
molecules, pro- and anti-angiogenic proteins, inflammatory cytokines, platelet recep-
tors, and bactericidal proteins have been identified within the -granule. Recent data 
suggest that numerous subtypes of -granules are present within the platelet. Release 
of these different -granule subpopulations may be differentially regulated depending 
upon the agonist used.

Diagnosis: Dense-granule content and release can be evaluated using luminometry. 
Luminometry is an assay, often performed in concert with aggregometry, that measures 
the release of dense-granule ATP into the plasma. Electron microscopy can be utilized 
to distinguish defects in dense-granule release and formation. Platelets from patients 
with no -granules appear gray when evaluated by light microscopy, due to the absence 
of the basophilic -granule. Expression of the P-selectin adhesive protein on the plate-
let surface is frequently used as a marker of -granule membrane fusion. Fusion of the  
-granule membrane with the external platelet membrane occurs upon platelet activa-
tion. As a result of this membrane fusion, P-selectin is expressed on the platelet surface. 
The presence of additional systemic manifestations or hematologic findings may also aid 
in diagnosis.

Management: Bleeding manifestations of platelet storage defects are typically 
mild and can be treated with supportive agents, such as DDAVP and anti-fibrinolytic 
agents. Platelet transfusion may be necessary in cases of severe bleeding. Care of these 
patients is often more focused on the accompanying systemic manifestations.

Hermansky-Pudlak Syndrome: Hermansky-Pudlak syndrome (HPS) is an auto-
somal recessive disease characterized by an absence of platelet dense granules and 
oculocutaneous albinism. Ophthalmologic complications include nystagmus and 
cataracts. In addition, pulmonary fibrosis, typically noted clinically in the fourth dec-
ade of life, occurs in 60% of patients, and granulomatous colitis affects approximately 
15% with HPS1.
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Mutations in seven different genes have been reported to result in HPS. All muta-
tions result in defective lysosome packaging and formation. HPS1 is the most com-
mon of the seven HPS subtypes (HPS1-7), and is responsible for approximately 90% 
of the cases. Most cases of HPS1 occur in members of a pedigree residing on the 
Caribbean island of Puerto Rico, secondary to a founder effect.

Chediak-Higashi Syndrome: Chediak-Higashi syndrome (CHS), like HPS, is 
characterized by a paucity of dense granules and variable degrees of oculocutaneous  
albinism. The gene responsible for CHS, called Lyst, is presumed to play a role in 
vesicular trafficking. The blood smear of patients with CHS is remarkable for the pres-
ence of granulocytes with huge cytoplasmic granules. Neutropenia and pronounced 
immunodeficiency occur in individuals with CHS. Patients with CHS often develop a 
potentially life-threatening complication in the first decades of life, a non-malignant 
lymphohistiocytic infiltration referred to as the accelerated phase of CHS. HPC trans-
plantation cures the hematologic manifestations of the illness, but neurologic mani-
festations of the illness, such as ataxia and decreased cognitive abilities, will continue 
to progress and may present later in life.

Gray Platelet Syndrome: Patients with gray platelet syndrome (GPS) have a gray 
appearance when evaluated on a blood smear, due to a paucity of basophilic -granules.  
In some pedigrees, GPS is associated with a mild to severe myelofibrosis and 
extramedullary hematopoiesis. In another pedigree, the granule deficiency affects 
other hematopoietic cells, and gray-appearing neutrophils with absent granules are 
observed. Macrothrombocytopenia has been reported in some pedigrees.

The gene defect(s) responsible for gray platelet syndrome is unknown. Electron 
microscopy reveals the presence of some -granule-like structures, but those few that 
remain are empty. Platelet protein analysis shows markedly decreased levels of several 
-granule proteins, including fibrinogen, thrombospondin and Factor V. An X-linked 
form of GPS has been identified that is due to a mutation in the DNA-binding region 
of the megakaryocyte and erythroid transcription factor GATA-1, but autosomal 
recessive and dominant forms of GPS have also been reported.

White Platelet Syndrome: White platelet syndrome is an autosomal dominant 
disorder characterized by macrothrombocytopenia and decreased -granule con-
tent. This syndrome was recently described in a large multigenerational pedigree 
from Minnesota. The -granule content of the platelets is decreased, giving some of 
the platelets a gray appearance. The unique characteristic of platelets in patients with 
White platelet syndrome is the presence of large, fully developed Golgi complexes. 
Typically, Golgi bodies are only present during thrombopoiesis. The gene defect(s) 
responsible are unknown.

Other Granule Defects: Quebec platelet syndrome is an autosomal dominant 
bleeding disorder. -granules are present, but -granule protein levels are decreased. 
Degradation of -granule proteins is due to ectopic expression of the protease uroki-
nase in the platelet -granule. Release of the ectopically-expressed urokinase in the 
formed clot may also result in accelerated clot lysis and delayed bleeding manifesta-
tions. Anti-fibrinolytic agents may substantially benefit these patients.
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Patients with absence of both - and dense granules have also been reported in the 
literature. These patients typically had a mild to moderate bleeding diathesis.
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Patients with platelet granule release and aspirin-like defects typically have mild 
mucocutaneous bleeding.

Pathophysiology: In these disorders, components of platelet signaling and syn-
thetic pathways necessary for the optimal propagation and stabilization of the form-
ing thrombus are missing or dysfunctional. Although platelet adhesion by the platelet 
receptors GPIb-IX-V and IIb3 is required for efficient platelet accumulation and 
thrombus formation at a site of injury, additional steps facilitated by pathways affected 
in these disorders enhance platelet recruitment and stabilize the formed thrombus. 
Mutations in platelet receptors, signaling proteins and synthetic pathways have been 
identified in patients with granule release and aspirin-like defects.

Examples of Failure of Granule Release and Aspirin-like Defects:

Thromboxane Pathway Defects: Thromboxane (TxA2) is an agonist released by 
activated platelets that supports the activation of adjacent platelets. The importance 
of this pathway in thrombus formation is illustrated by the clinical effectiveness of 
aspirin. Aspirin’s anti-thrombotic effects are mediated through irreversible inhibition 
of cyclooxygenase, a key enzyme in the TxA2 synthetic pathway. Aspirin-like platelet 
defects are observed in patients with cyclooxygenase deficiency, and a similar pheno-
type is observed in patients with a deficiency of another enzyme necessary for TxA2 
synthesis, thromboxane synthase. TxA2’s effectiveness depends on its ability to bind 
and activate the G-protein coupled TxA2 receptor, and mutations in the TxA2 recep-
tor have been found in kindred with a mild-platelet function disorder.

ADP/ATP Receptor Defects: ADP and ATP are soluble platelet agonists released 
from the dense granules of activated platelets. ADP binding to the receptor P2Y12 on 
adjacent platelets stabilizes the thrombus. Two clinically important anti-thrombot-
ics, clopidogrel and ticolopidine, function by inactivating P2Y12. Patients with dys-
functional or absent P2Y12 receptor present clinically with a mild bleeding diathesis 
and have decreased aggregation in response to ADP. Dominant negative mutation of 
another ADP/ATP receptor P2X1 results in a similar clinical phenotype.

Defects in Platelet Intracellular Signaling Pathways: The soluble platelet 
agonists ADP, TxA2 and thrombin bind G-protein coupled receptors. These recep-
tors depend on the actions of several G-proteins for activation of downstream signal-
ing pathways. A mutation in the G-protein, Gq, has been found in a patient with a 
mild bleeding diathesis and decreased aggregation to multiple agonists. Alterations in 
other intracellular signaling pathways, including calcium mobilization, tyrosine kinase 
activity and phospholipase activity, have also been identified in patients with bleeding  
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disorders and abnormal platelet aggregation responses. The genes responsible for 
many of these alterations remain unidentified.

Defects in Platelet Procoagulant Activity: Disorders of platelet procoagu-
lant activity have been demonstrated in several bleeding disorder patients with nor-
mal platelet aggregation activity and normal platelet count. One such disorder, Scott 
syndrome, is characterized by normal platelet aggregation and platelet counts, and 
decreased platelet procoagulant activity. Decreased procoagulant activity occurs due 
to impaired phosphatidylserine externalization, a critical factor accelerating the activ-
ity of the procoagulant tenase and prothrombinase enzyme complexes on the platelet 
surface. Interestingly, another bleeding disorder, Stormorken syndrome, is character-
ized by increased platelet phosphatidylserine externalization and platelet procoagulant 
activity on circulating platelets. Defects in platelet adhesiveness have been suggested to 
account for some of the bleeding manifestations in these patients. The gene(s) respon-
sible for either of these disorders is unknown.

Diagnosis: Typically, aggregation studies indicate an impaired second wave of 
aggregation and decreased ATP-mediated luminescence when luminometry is per-
formed. Aggregation studies will not identify a patient with a procoagulant defect, and 
specialized testing is required to examine for a defect in platelet phosphatidylserine 
externalization.

Management: Adequate hemostasis can usually be achieved using DDAVP or an 
anti-fibrinolytic agent. More severe bleeding may require platelet transfusion.
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immune thrombocytopenic purpura (itp) is a bleeding disorder characterized by 
immune-mediated platelet destruction and resultant thrombocytopenia. two forms 
of itp have been described: acute and chronic. Acute itp occurs almost exclusively 
in children and is one of the most common acquired bleeding disorders in the pedi-
atric population, with an estimated prevalence of 4–8 per 100,000 children per year. 
children typically present with severe thrombocytopenia, but rarely have serious bleed-
ing. in the majority of children, the disease resolves spontaneously over a period of 
weeks, irrespective of treatment. in contrast, most adults who present with itp develop 
chronic disease with thrombocytopenia persisting beyond 6 months, and spontaneous 
recovery occurs in less than 10% of cases. Only 10–20% of children with itp go on to 
have chronic disease. Acute and chronic itp are approached differently, and therefore 
are discussed in two separate chapters; acute childhood itp will be reviewed in this 
chapter, while chronic itp in both adults and children will be presented in chapter 88.

Pathophysiology: While itp is an autoimmune disease, the precise pathophysi-
ologic mechanisms responsible for the disorder are poorly understood. A major fea-
ture of itp is Fcreceptor-mediated clearance of igG autoantibody-coated platelets by 
macrophages in the reticuloendothelial system. Most affected children produce both 
igG and igM autoantibodies reactive to multiple platelet antigens, usually platelet 
surface glycoproteins such as Gpiib/iiia and Gpib/iX. However, not all patients have 
measurable antibodies, and the mechanisms that trigger autoantibody production are 
not clear. children with acute itp show increased expression of gamma-interferon 
dependent genes in the early stages of the disease, indicating the presence of a glo-
bal pro-inflammatory state. t-cell abnormalities are also involved in the pathophysi-
ology of acute itp. imbalances in the mutually inhibitory th1 and th2 patterns of 
cytokine response in t-helper lymphocytes have been measured in patients with itp. 
platelet autoreactive t-cell clones have been identified in the peripheral blood of chil-
dren with itp, and cytotoxic t cells from itp patients can destroy platelets with a high 
effector cell to target ratio. in addition, abnormalities in the numbers and function 
of regulatory t cells (cD4, cD25 t cells) have been shown to be important for 
the development of many autoimmune diseases, including itp. Ultimately, the normal 
mechanisms of self-tolerance and autoantibody suppression are re-established in the 
majority of children with itp, and the thrombocytopenia resolves.

Clinical Manifestations: the physical findings of itp are usually limited to those 
associated with thrombocytopenia, and include petechiae, bruising and mucocutaneous 
bleeding. patients with acute itp usually have a rapid onset of bleeding symptoms, which 
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appear over a few hours or days. typically, children with itp have surprisingly few other 
complaints. there may be a history of a recent upper respiratory infection, febrile illness 
or immunization, but usually the history is unremarkable. in the majority of children 
with itp there is no history of fever, recurrent infection, weight loss, bone pain, fatigue 
or other constitutional symptoms. Despite severe thrombocytopenia in the majority of 
cases, there is a surprisingly low incidence of overt or severe bleeding. Occasionally chil-
dren with itp develop nasal or oral bleeding, but more serious or life-threatening bleed-
ing is unusual. the most serious complication of acute itp is intracranial hemorrhage 
(icH). While icH (and other serious bleeding) does occur in childhood itp, the risk 
is low (approximately 1 : 600). Some children with itp will have other findings, such as 
fever, lymphadenopathy or splenomegaly, but these findings are atypical, and deserve 
further scrutiny for a more serious condition such as leukemia, myelodysplasia or aplas-
tic anemia.

Diagnosis: itp is a clinical diagnosis that is characterized by the acute onset of 
thrombocytopenia and associated symptoms in an otherwise well child, the absence of 
other physical or laboratory findings, and the exclusion of other causes of thrombo-
cytopenia. careful clinical and laboratory assessments are necessary to exclude other 
causes of thrombocytopenia, particularly in patients with atypical features.

Clinical Evaluation: the clinical evaluation of a patient presenting with possible 
itp must include a detailed medical history (including past medical history, family 
history, medication history, review of systems, growth and development, etc.) and 
physical examination. A history of arthritis, diabetes, inflammatory bowel disease or 
other autoimmune disease should be investigated further. A history of poor growth, 
frequent infections, family history of blood disease or other unusual findings are also 
not consistent with itp, and further investigation may be warranted. Full physical 
examination is extremely important for diagnosis. children with itp usually have few 
presenting physical signs or symptoms other than those associated with thrombocyto-
penia. physical findings such as fever, weight loss, pain, limp, jaundice, lymphadenop-
athy and hepatosplenomegaly may be present, but are atypical of patients with acute 
itp and should be investigated further to rule out a more serious malignant, genetic 
or autoimmune disorder.

Laboratory Evaluation: the most important laboratory testing for the diagnosis 
of itp is the complete blood count and the examination of peripheral blood smear. 
Usually, the platelet count is severely low in children with itp, often under 20,000/l, 
but the white blood count, differential, hemoglobin, hematocrit and red blood cell 
indices should be normal. the presence of large platelets is characteristic of itp, but 
giant platelets are more typical of platelet disorders, such as Bernard-Soulier syndrome 
or other MYH-9 mutation related disorders. irregularities in the red blood cell or 
white cell number or morphology are not characteristic of itp, and should trigger fur-
ther investigation. the presence of white cell blasts is indicative of leukemia, and bone 
marrow evaluation is necessary.

Other laboratory testing may be performed as indicated, but no additional tests 
are part of the routine evaluation for the diagnosis of itp. Bone marrow evaluation is 
usually unnecessary in the majority of typical cases, and should be reserved for children 
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presenting with atypical features. Additional laboratory studies, such as coagulation 
tests (pt, ptt and fibrinogen), platelet survival and/or function studies, rheumato-
logic studies (ANA, lupus anticoagulant, complement, etc.), blood chemistries, serum 
immunoglobulins or platelet-associated antibody testing, are unnecessary for diagno-
sis unless specifically indicated. Assays for platelet antibodies have poor specificity and 
sensitivity for itp, and are therefore not recommended for routine evaluation.

Differential Diagnosis: the differential diagnosis in children presenting with 
thrombocytopenia is broad, and patients presenting with thrombocytopenia and 
atypical features require more intensive evaluation. in infants presenting with throm-
bocytopenia, congenital thrombocytopenic disorders such as amegakaryocytic 
thrombocytopenia and thrombocytopenia-absent radius (tAr) should be consid-
ered. Wiskott-Aldrich syndrome should be ruled out in infant boys presenting with 
low platelets in the setting of eczema, failure to thrive, chronic infections and small 
platelets on peripheral smear. patients with skeletal anomalies should be evaluated for 
Fanconi anemia or other bone marrow failure disorders. it is important to distinguish 
between the primary acute presentation and itp secondary to other illnesses such 
as HiV, hepatitis c, systemic lupus erythematosus, autoimmune lymphoprolifera-
tive syndrome or other autoimmune disease, as treatment in these cases is different. 
Leukemia, myelodysplasia and aplastic anemia may present with thrombocytopenia, 
but rarely as the only laboratory finding. these children usually have other presenting 
signs or symptoms, such as hepatosplenomegaly, limb pain, lymphadenopathy, weight 
loss, persistent fever, anemia, leukocytosis or neutropenia. Bone marrow evaluation 
should be performed in all patients with atypical features.

Management: there is an ongoing debate among hematologists regarding treat-
ment for children with uncomplicated acute itp. recent evidence suggests that serious, 
life-threatening bleeding is exceedingly rare in children with acute itp, even when the 
platelet count is under 20,000/l, and may not be prevented by therapy directed at rais-
ing the platelet count. the most serious complication of acute itp is intracranial hem-
orrhage (icH). prevention of icH is the major motivation for treating children with 
acute itp presenting with a severely low platelet count (under 20,000/l). A recent 
prospective, international study of children with acute itp showed the incidence of 
icH in children with itp to be very low (about 0.17%). All of the most commonly 
used treatments for itp have side-effects. therefore, some children with typical acute 
itp with no or mild bleeding symptoms may be managed with close observation alone 
without specific pharmacologic therapy, providing that close follow-up and frequent  
re-evaluations can be provided. patients must be followed closely for bleeding symp-
toms, or for the development of a more serious condition such as aplastic anemia. For 
children who present with bleeding or who are unable to comply with close follow-up 
for geographic or other reasons, or in whom the risk of icH is increased, treatment to 
raise the platelet count to over 20,000/l may be indicated.

the most common and most effective pharmacologic therapies for acute itp 
include intravenous immunoglobulin (iViG), rh immune globulin (rhig) and corti-
costeroids (table 87.1). there is no evidence that any one of these treatments is more 
effective than the other, and all have side-effects, therefore treatment choice is some-
what arbitrary. Most patients ( 70%) will respond to any of the therapies by 72 hours. 
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iViG and rhig are costly and must be given via intravenous infusion, but are associated 
with a more rapid platelet response (platelets over 20,000/l often within 24 hours). 
rhig is less expensive then iViG and has a shorter infusion time (few minutes), but 
is only effective in patients who are D positive with an intact spleen. rhig also causes 
hemolysis, and should not be given to patients with anemia (hemoglobin  10 g/dl), 
as the hemoglobin decreases 0.5–2 g/dl in most patients. corticosteroids may be given 
orally and are relatively inexpensive, but may take 48–72 hours to have a similar effect.

in the majority of children itp resolves spontaneously in weeks to months,  
with or without treatment. Occasionally children will have recurrent episodes of 
thrombocytopenia in the months following presentation, particularly in the setting  
of infection. Ultimately, approximately 80% of patients will have complete resolution 
of their thrombocytopenia by 6 months. While the risk of late relapse is unknown, it is 
thought to be quite low, and in general children with itp can expect complete resolu-
tion of symptoms without evidence of an underlying autoimmune or other hematologic  
or malignant process.

in about 20% of children and adolescents with itp, the thrombocytopenia persists 
beyond the 6 months and becomes chronic. chronic itp in both children and adults 
is presented in detail in chapter 88.
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Table 87.1 Treatment Options for acute (Childhood) ITP

Treatment Dose Course Side-effects Response 
(platelets 
20,000/l)

Corticosteroid
l prednisone
l prenisolone
l solumedrol

1–4 mg/kg per 
day

1–14 
days

Hyperglycemia, 
irritability, weight gain, 
hypertension, anxiety, 
dysphoria,

60% by 72 hours

IVIG 1–2 g/kg 1–2 days Headache, chills, 
fever, rarely 
aseptic meningitis, 
anaphylaxis

24–48 hours

RhIg 75 g/kg 1 dose Headache, chills fever, 
fatigue, decrease in 
hemoglobin, vomiting, 
hemolysis, anemia

24–48 hours
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Immune thrombocytopenic purpura (ITP) is a bleeding disorder characterized by 
immune-mediated platelet destruction and resultant thrombocytopenia and muco-
cutaneous bleeding. Chronic ITP is defined by the persistence of immune thrombo-
cytopenia beyond 6 months, with spontaneous recovery occurring in less than 10% 
of adults with the disease. The estimated incidence of ITP is approximately 100 cases 
per 1 million persons per year, with about half of these cases presenting in adults. 
Approximately twice as many women are affected as men. Patients with chronic ITP 
often have problematic bleeding that requires ongoing therapy, and hemorrhagic 
deaths are not uncommon. Chronic ITP in both adults and children is presented in 
this chapter. Acute childhood ITP is reviewed in Chapter 87.

Pathophysiology: ITP is an autoimmune disorder characterized by immune- 
mediated destruction of platelets and subsequent thrombocytopenia. However, the 
precise pathophysiologic mechanisms responsible for the platelet destruction are not 
clearly understood. A major feature of ITP appears to be the Fcreceptor-mediated 
clearance of IgG autoantibody-coated platelets by macrophages in the reticuloendothe-
lial system. Platelet-associated IgG autoantibodies can be measured in about 50–60%  
of patients with ITP and are reactive to multiple platelet antigens, usually platelet 
surface glycoproteins such as GPIIb-IIIa, GPIa-IIa and GPIb-IX. Autoreactive B cells 
producing anti-platelet antibodies play a role in the pathogenesis of ITP, but the mech-
anisms that trigger autoantibody production are not clear. Approximately 40–50% of 
patients do not have measurable antibodies, and therapies aimed at reducing autoanti-
body production and autoantibody-mediated platelet destruction (anti-B-cell therapy 
and splenectomy, respectively) are effective in only 50–70% of patients. Alternative 
mechanisms for platelet destruction must be present in most, if not all, patients. T cells  
and their secretory factors are important for the stimulation of antibody-producing 
B-cell clones, and may be important in the development of antiplatelet antibody pro-
duction. T lymphocytes may be directly responsible for platelet destruction, and this 
may be an important cause of thrombocytopenia in some patients with ITP. Recent 
studies have shown that cytotoxic T cells from ITP patients can destroy platelets with 
a high effector cell to target ratio. Platelet autoreactive T-cell clones have been identi-
fied in patients with chronic ITP, and genes involved in T-cell mediated cytotoxicity 
are unregulated in many ITP patients.

The pathophysiology of ITP may also involve decreased or inadequate production 
of platelets in addition to increased destruction. Several recent studies suggest that 
antiplatelet glycoprotein antibodies and possibly antiplatelet T cells have effects on 
bone marrow megakaryocytes. In addition, megakaryocyte production appears to be 
inadequate and thrombopoietin levels inappropriately low in many thrombocytopenic 
patients with ITP. Treatment with thrombopoietic agents results in dramatic platelet 
increases in some patients.
481
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ITP is a heterogeneous disease and the initiating immunologic event is not obvi-
ous, but a complex immunologic process involving platelets, megakaryocytes, B cells, 
T cells and other components of the immune system is likely for the development of 
disease.

Clinical Manifestations: The physical findings associated with ITP are usually 
limited to those associated with thrombocytopenia, and include petechiae, ecchy-
moses and purpura. Symptoms at presentation may be abrupt in onset, but in some 
patients may have been present for months or years. Mucocutaneous bleeding can be 
widespread, and may include epistaxis, gingival bleeding, hematuria and menorrhagia. 
Rarely, patients present with signs of more severe bleeding, such as intracranial hemor-
rhage. Patients with ITP are usually healthy and have few other physical manifestations 
of disease. Additional findings, such as fever, malaise, night sweats, joint pain, lymphad-
enopathy or hepatosplenomegaly, are atypical and may suggest alternative diagnoses. 
Patients who present with ITP secondary to an underlying illness such as HIV, hepatitis 
and systemic lupus erythematosus may present with symptoms of the primary illness. 
Further evaluation is necessary for patients presenting with atypical features.

Diagnosis: ITP is a diagnosis of exclusion, and other causes of thrombocytope-
nia must be considered before making this diagnosis. Careful clinical and laboratory 
assessments are necessary to exclude other causes of thrombocytopenia, particularly 
in patients with atypical features.

Clinical Evaluation: The clinical evaluation of a patient presenting with ITP must 
include a detailed past medical and family history, medication history and review of 
systems. In general, patients with ITP have a surprisingly unremarkable medical his-
tory. A history of arthritis, diabetes, inflammatory bowel disease or other autoimmune 
disease may indicate secondary ITP, and should be investigated further. A history of 
frequent infections, family history of blood disease or other unusual findings are also 
not consistent with ITP, and further investigation may be warranted. A complete phys-
ical examination is important for making the diagnosis. Patients with ITP usually have 
few presenting physical signs or symptoms other than those associated with thrombo-
cytopenia. Physical findings such as fever, weight loss, pain, jaundice, lymphadenopa-
thy and hepatosplenomegaly can occur in ITP, but are unusual, and may be indicative 
of a more serious disorder.

Laboratory Evaluation: The most important laboratory testing for the diagnosis 
of ITP is the complete blood count and the examination of peripheral blood smear. 
Platelet count is low in patients presenting with ITP, often under 30,000/l, but the 
white blood count, differential, hemoglobin, hematocrit and red blood cell indices 
are normal. The presence of large platelets is a distinguishing feature of the periph-
eral smear of patients with ITP, but irregularities in the red blood cell or white blood 
cell morphology are atypical and should trigger further investigation. The presence 
of white blood cell blasts is indicative of leukemia, and bone marrow evaluation is 
necessary.

Other laboratory testing may be performed as indicated, but no additional tests are 
necessary in the routine evaluation for the diagnosis of ITP. Bone marrow evaluation 
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is not needed in the majority of typical cases, but should be reserved for patients pre-
senting with atypical features and has also been advocated in patients over 60 years 
of age. Additional laboratory or radiographic studies, such as coagulation tests (PT, 
PTT and fibrinogen), platelet survival or function studies, rheumatologic studies 
(ANA, lupus anticoagulant testing, complement assessment, etc.), blood chemistries, 
serum and serum immunoglobulins, may be helpful in eliminating alternative diag-
noses, but are usually unnecessary in typical cases. Assays for antigen-specific platelet 
autoantibodies have poor specificity and sensitivity for ITP, and are therefore not rec-
ommended as routine testing. Leukemia and other bone marrow infiltrative or failure 
disorders rarely present without other cellular or physical findings; therefore, careful 
attention to the history, physical exam and laboratory findings is important so that 
subtle findings are not overlooked.

Differential Diagnosis: ITP is the most common cause of acquired severe throm-
bocytopenia in an otherwise healthy individual, but the diagnosis is one of exclusion, 
and other causes of thrombocytopenia must be excluded. Bone marrow failure or 
infiltrative disorders such as Fanconi anemia, aplastic anemia, leukemia and myelod-
ysplasia should be considered in patients with atypical physical or laboratory findings. 
Patients presenting with a splenomegaly should be evaluated for diseases of abnormal 
platelet distribution, such as congestive splenomegaly from portal hypertension. Many 
drugs are responsible for thrombocytopenia, and careful drug history is important. 
Other diseases that result in thrombocytopenia, such sepsis, thrombotic thrombocy-
topenic purpura and DIC, rarely present without associated presenting features, but 
should be considered in the differential diagnosis.

Management:

Initial Management: The initial treatment must be tailored to the presenting 
platelet count and bleeding symptoms. Patients presenting with platelets 50,000/l 
are often discovered incidentally, have no or few symptoms and frequently do not 
require therapy. Patients with moderate thrombocytopenia (platelets 20,000–
50,000/l) can usually be followed closely on an outpatient basis and treated only 
to relieve symptomatic bleeding. Patients with severe thrombocytopenia (platelets 
20,000/l) may have overt bleeding and require therapy. Management decisions 
should not be based exclusively on the platelet count, but also must depend on age, 
lifestyle and other medical conditions, since these factors contribute to the overall 
risk of serious bleeding.

The most common first-line therapy for adults with ITP is corticosteroid, usu-
ally prednisone, 1–2 mg/kg per day for 2–4 weeks, with a taper if there is a platelet 
response; however, other regimens have been utilized. Pulsed high-dose dexametha-
sone at 40 mg/d for 4 days without taper is an effective alternative oral regimen, and 
may be associated with a higher sustained response rate. Approximately 50–75% of 
patients will respond to corticosteroids, irrespective of dose or duration. Intravenous 
immunoglobulin (IVIG, 1 g/kg per day for 1–3 days) and Rh immune globulin (RhIg, 
50–75 g/kg) are equally effective as first-line therapies for adults with ITP. However, 
both require IV administration and are considerably more expensive. IVIG is usually 
reserved for adults presenting with severe thrombocytopenia with serious bleeding 
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after corticosteroids have been utilized and found ineffective. RhIg is less expensive 
then IVIG and has a shorter infusion time (few minutes), but is effective only in 
patients who are D positive with an intact spleen. RhIg also causes hemolysis and 
should not be given to patients with anemia (hemoglobin 10 g/dl), as the hemo-
globin decreases 0.5–2 g/dl in most patients.

Relapse:

Children: In the majority of children ITP resolves spontaneously in weeks to 
months, with or without treatment. Occasionally children will have recurrent episodes 
of thrombocytopenia in the months following presentation, particularly in the setting 
of infection. Ultimately, approximately 80% of patients will have complete resolution 
of their thrombocytopenia by 6 months. For approximately 20% of children and ado-
lescents with ITP, the thrombocytopenia persists beyond 6 months. The therapeutic 
goal in these children is to prevent and/or manage bleeding symptoms, as up to one-
third of these children will ultimately have spontaneous remission by 1 year. Bleeding 
in children with ITP within the first 6–12 months of diagnosis is managed with first-
line therapy (i.e. corticosteroids, IVIG and RhIg) unless patients become refractory 
(see below). Splenectomy is avoided in young children, due to the risk of overwhelm-
ing bacterial sepsis, unless there is life-threatening bleeding uncontrolled by other 
interventions.

Adults: In more than 70% of adults, ITP persists beyond the 6-month period and 
becomes chronic. Many of these patients have moderate to severe thrombocytopenia 
with bleeding symptoms, and require alternative therapies. While splenectomy is asso-
ciated with significant morbidity and an increased risk of Streptococcus pneumonia 
sepsis, it is the most effective and durable treatment for adults with chronic ITP who 
have not had a sustained response to initial therapy. Approximately 70% of patients 
will achieve sustained remission after splenectomy. Laparoscopic splenectomy appears 
to be preferable to open splenectomy, as the recovery time is shorter and the outcome 
is similar. Splenectomy is an appropriate therapeutic option in adults and older chil-
dren with refractory ITP and ongoing symptomatic bleeding.

Refractory ITP: Refractory ITP is defined as the persistence of thrombocytope-
nia despite initial treatment with corticosteroids, IVIG, RhIg and, in adults and older 
children, splenectomy. Approximately 10% of patients (adults and children) will be 
refractory to all standard therapy, including splenectomy. While the overall prognosis 
of ITP is good, the mortality in this refractory group of patients is high – between 6% 
and 15%. Since the likelihood of durable and complete remission in these patients is 
much lower, the goal is to balance the bleeding risk with lifestyle issues and toxicity 
of therapy. The American Society of Hematology guidelines suggest that maintaining 
a platelet count of 30,000–50,000/l in chronic ITP patients without other risk fac-
tors and without overt bleeding is a generally acceptable level for reducing the risk of 
spontaneous hemorrhage. An individualized approach is important for disease man-
agement, as no single protocol is appropriate for all patients. No randomized clinical 
trials have been performed comparing the numerous therapies for chronic ITP, and no 
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trials have assessed the outcomes of bleeding and death. Therefore, no evidence-based 
algorithm can be proposed as the standard of care for patients with chronic refrac-
tory ITP. However, several agents have been shown to be useful for the treatment of 
chronic ITP and, while none offers a cure, some result in durable remission and are 
useful in alleviating bleeding symptoms.

Rituximab, an anti CD-20 monoclonal antibody, is probably the most effective, 
relatively non-toxic drug for the treatment of severe, refractory ITP. The most com-
mon dosing regimen is 375 mg/m2 weeks for 4 consecutive weeks, but other dosing 
regimens have been utilized. Up to 50% of patients achieve sustained platelet response 
with rituximab. Rituximab is considered a “splenectomy-sparing” therapeutic 
approach by some experts, particularly in children, or in patients who are high surgi-
cal risks who cannot undergo splenectomy. Azathioprine (1–4 mg/kg per day) is the 
most commonly used chemotherapeutic agent for ITP, and is generally well tolerated. 
Azathioprine may take up to 3–6 months to be effective, and the long-term efficacy 
and toxicity is not known. Mycophenolate mofetil (MMF) is a purine nucleotide syn-
thesis inhibitor that was initially developed to prevent solid-organ transplant rejection, 
but has been used more recently for the treatment of autoimmune disease such as sys-
temic lupus erythematosus. Some patients with refractory ITP treated with MMF have 
shown a favorable response with minimal toxicity, but whether sustained remission 
can be achieved after discontinuation of the drug is not known. Other treatments that 
have been used with minimal toxicity and varying efficacy include danazol, dapsone 
and 6-mercaptopurine

Cytotoxic or other immunosuppressive agents such as cyclophosphamide, 
cyclosporin, vinca alkaloids, combination therapies and hematopoietic progenitor cell 
transplantation have more significant toxicities, and are usually reserved for highly 
refractory patients with severe thrombocytopenia and bleeding.

Clinical trials with newer investigational agents, such as thrombopoietin receptor 
agonists and monoclonal immunosuppressive agents, are currently under investiga-
tion. Thrombopoietin agents are particularly promising. In a recent randomized, pla-
cebo-controlled study of eltrombopag, an oral thrombopoietin receptor agonist, 80% 
of adult patients with chronic ITP had platelet responses (Bussel et al., 2007). Severe 
side-effects were not observed, but more long-term studies of efficacy and safety are 
necessary prior to widespread use. Romiplostim, a thrombopoietin mimetic pepti-
body, and eltrombopag have recently been FDA approved for the treatment of chronic 
ITP in patients who have failed other treatments.
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Drug-induced thrombocytopenia (DIT) is a fairly common clinical problem, and 
numerous drugs have been implicated in the development of thrombocytopenia. The 
risk of thrombocytopenia for any drug is low, and fortunately only a small number 
of patients taking a suspected medication will develop thrombocytopenia. However, 
many patients who develop drug-induced thrombocytopenia are taking multiple 
medications and are critically ill. Rapid recognition of thrombocytopenia in affected 
patients and identification and removal of the offending agent before clinically signifi-
cant bleeding occurs is imperative. Unfortunately, there are no laboratory tests with  
sufficient specificity or sensitivity to be useful for making the diagnosis. DIT is a clinical  
diagnosis that can be supported only by resolution of thrombocytopenia after cessa-
tion of drug. Certain drugs have a well-documented association with thrombocytope-
nia (see Table 89.1). Heparin-induced thrombocytopenia is discussed in Chapter 90.

Table 89.1 Drugs commonly implicated as Triggers of Drug-induced Thrombocytopenia*

Drug category Drugs implicated in five or  
more reports

Other drugs

Heparins Unfractionated heparin, low  
 molecular weight heparin

cinchona alkaloids Quinine, quinidine

Platelet inhibitors abciximab, eptifibatide, tirofiban

antirheumatic agents Gold salts D-penicillamine

antimicrobial agents linezolid, rifampin,  
 sulfonamides, vancomycin

Sedatives and anticonvulsant  
 agents

carbamazepine, phenytoin,  
 valproic acid

Diazepam

Histamine-receptor antagonists cimetidine Ranitidine

analgesic agents acetaminophen, diclofenac,  
 naproxen

ibuprofen

Diuretic agents chlorothiazide Hydrochlorothiazide

chemotherapeutic and  
 immunosuppressant agents

Fludarabine, oxaliplatin cyclosporine, 
rituximab

*For a more extensive list, see the University of Oklahoma website (http://moon.ouhsc.edu/jgeorge/DITP.html).
From Aster RH, Bougie DW (2007). Drug-induced immune thrombocytopenia. N Engl J Med 357, 580–587.
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Pathology: Hundreds of drugs have been implicated in DIT. Drugs cause thrombo-
cytopenia by two basic mechanisms: decreased platelet production or increased plate-
let destruction.

Decreased Production: DIT resulting from decreased production is usually the 
result of generalized dose-dependent myelosuppression. Many chemotherapeutic  
agents suppress the bone marrow and cause leukopenia, anemia and often severe 
thrombocytopenia. The cytopenias resolve with cessation of chemotherapy. Other non-
chemotherapeutic agents, such as the anti-epileptic drug valproate, can cause myleo-
suppression. The dose-dependent association between valproate and neutropenia and 
thrombocytopenia is well documented. Selective depression of megakaryocyte produc-
tion has been associated with drugs such as thiazide diuretics, ethanol and tolbutamide, 
and can lead to isolated thrombocytopenia.

Increased Destruction: Platelet destruction in DIT is usually immune-mediated, 
and the mechanism involves the drug-induced production of antiplatelet antibodies 
which bind to platelets and trigger their consumption by macrophages in the reticulo-
endothelial system.

Hapten-induced Antibody: Certain small-molecule drugs called haptens can 
become covalently linked to platelet surface antigens and form hapten–protein com-
plexes. Antibodies directed at these cell surface protein complexes are produced, and 
result in platelet destruction and thrombocytopenia. The phenomenon is thought to 
be responsible for the thrombocytopenia observed with penicillin and penicillin deriv-
atives. Hapten-induced immune hemolytic anemia occurs much more commonly 
with penicillins. DIT by this mechanism has been reported, but is less uncommon.

Drug-dependent (Quinine Type) Antibody Formation: This form of drug-
induced thrombocytopenia is characterized by the formation of an antibody that 
binds to platelets only in the presence of the drug in the soluble state. These antibod-
ies are usually directed at glycoprotein GPIIb/IIIa or GPIb/V/IX complexes, and bind 
non-covalently to produce “compound” epitopes or induce conformation changes 
to which antibodies are specific. Quinine, sulfonamide antibiotics and non-steroidal 
anti-inflammatory drugs trigger thrombocytopenia by this mechanism.

GPIIb/IIIa Inhibitors: Specific antiplatelet medications, GPIIb/IIIa inhibitors such 
as tirofiban, eptifibatide and abciximab, cause DIT by antibody-dependent mecha-
nisms. Acute thrombocytopenia often occurs within hours of drug exposure, and may 
suggest a non-immune mechanism. However, in the presence of tirofiban and eptifi-
batide, conformational changes in the GPIIb/IIIa molecule occur, resulting in a neo-
epitope. Antibodies are produced that are specific to these neo-epitopes. Antibody 
mediated platelet destruction can lead to severe thrombocytopenia and bleeding. In 
the case of abciximab, antibody formation is against the murine component of the 
chimeric Fab fragment specific for GPIIIa.

Drug-induced Antibody: In rare instances, drugs induce the production of true 
antiplatelet autoantibodies that cause platelet destruction even in the absence of the 
sensitizing agents. In these cases the autoantibodies may persist indefinitely, leading to 
chronic DIT. Gold salts and procainamide can induce this form of DIT.
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Immune Complex: In this form of DIT, antibodies causing thrombocytopenia are 
produced as a result of drug-antibody immune complex formation leading to plate-
let destruction and consumption. Heparin-induced thrombocytopenia is triggered by 
this mechanism.

Clinical Manifestations: Patients with DIT usually present with moderate 
to severe thrombocytopenia (platelets  50,000/l) and evidence of bleeding. 
Usually the thrombocytopenia becomes clinically apparent 1–2 weeks after starting 
the drug, but it can occur in patients who have been taking a drug for months or 
years. Thrombocytopenia may occur more quickly if the drug has been administered 
previously, or with drugs such as quinine or abciximab. Bleeding symptoms are 
variable, and range from mild cutaneous findings (such as petechiae and ecchymoses) 
to more significant overt hemorrhage. When the thrombocytopenia is severe, patients 
can present with severe bleeding from the nose, gums, GI tract or uterus. Life-
threatening spontaneous intracranial hemorrhage, while rare, can occur in patients 
with severe thrombocytopenia.

Diagnosis: The diagnosis of drug-induced immune thrombocytopenia must often 
be made on clinical findings alone, as the laboratory assays do not often have suffi-
cient sensitivity to detect drug-induced antibodies.

Clinical Evaluation: Drug-induced thrombocytopenia should be considered in any 
patient taking medication who presents with sudden, unexplained thrombocytopenia. 
It is important to obtain a complete and accurate medical history and list of medica-
tions, including all prescription and non-prescription medications, non-conventional 
therapies and herbal remedies. Specific attention should be given to higher-risk medi-
cations such as quinines and sulfonamides. Often, the diagnosis is confirmed only 
after platelet recovery with discontinuation of a suspected, sensitizing drug.

Laboratory Evaluation: Laboratory testing may not be particularly helpful in mak-
ing the diagnosis of DIT. However, various in vitro methods exist to detect drug-
induced binding of IgG to platelets. Radiolabeled or fluorescein-labeled anti-IgG can 
be used to detect platelet-bound immunoglobulin, but these tests may not help distin-
guish between primary immune thrombocytopenia and DIT. Enzyme-linked immu-
nosorbent assay (ELISA), flow cytometry and immuno-precipitation Western blotting 
have more specificity for detecting platelet-reactive antibodies induced by drugs. 
Unfortunately, these tests are not widely available, may take several days to complete, 
and have low sensitivity; therefore, they are not generally useful for the acute care of 
patients with suspected DIT.

Differential Diagnosis: Other causes of thrombocytopenia should be considered, 
particularly in hospitalized patients taking multiple medications. Thrombocytopenia 
from sepsis, disseminated intravascular coagulopathy (DIC) or thrombotic throm-
bocytopenic purpura (TTP) may be difficult to distinguish from DIT, particularly 
in critically ill patients. Heparin-induced thrombocytopenia should be considered 
in patients on heparin. Patients with immune thrombocytopenic purpura (non-
drug-induced), either primary or secondary, can present with acute thrombocytope-
nia. Patients with HIV infection can present with thrombocytopenia which may be 
immune-mediated or infection-induced. Patients who present with other physical or 
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laboratory findings should be evaluated for bone marrow failure or infiltrative disor-
der. Patients with thrombocytopenia and hepatosplenomagaly should be evaluated for 
congestive disorders, such as portal hypertension, malignancy or hepatitis.

Management: Discontinuation of the sensitizing drug is the necessary “therapy.” 
As many drugs as possible should be discontinued in patients with suspected DIT. If 
a particular therapy is medically necessary, a non-immunologic, non-cross-reacting 
alternative should be considered. Platelet transfusions should be used for life-threat-
ening bleeding, but may not be effective due to the presence of antibody. In patients 
with severe drug-induced thrombocytopenic who are acutely ill, intravenous immu-
noglobulin (IVIG), plasma exchange, and corticosteroids have been used, but the 
clinical benefit is uncertain. Usually, the thrombocytopenia improves within the first 
few days after discontinuing the drug. Sensitivity to the drug persists indefinitely, and 
further use of the suspected causative agent should be avoided.
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Heparin-induced thrombocytopenia (HIT) occurs in 1–3% of patients treated with 
unfractionated heparin for greater than 5 days. Although thrombocytopenia occurs, 
bleeding is rare; in contrast, both arterial and venous thrombosis are more common 
sequelae (odds ratio 36.9).

Pathophysiology: HIT is an immune-mediated disorder caused by IgG antibod-
ies directed against the complex of heparin and platelet factor 4 (PF4). Although 
anti-heparin/PF4 antibodies are detected in nearly all patients with HIT, they are also 
detected in many patients without HIT. Both the frequency of asymptomatic anti-
heparin/PF4 antibodies and incidence of HIT vary by clinical situation (Table 90.1). HIT 
has no known HLA association, but is 1.5–3.0 times more likely to occur in women.

The propensity for thrombosis in patients with HIT is thought to occur as a result 
of platelet aggregation and activation of coagulation. There are several potential 
mechanisms by which coagulation is activated: platelet activation via binding of the 
IgG Fc regions leading to cross-linking of FcIIa receptors on the platelet surface; PF4 
binding heparin sulfates (a naturally occurring glycosaminoglycan) on the surface of 
the endothelial cell, leading to endothelial cell injury and tissue factor expression; and 
monocyte binding of heparin/PF4-IgG immune complexes that may lead to monocyte 
activation and tissue factor expression.

Clinical Manifestations:
The major manifestations of HIT are thrombocytopenia, thrombosis and allergic 

reactions.

Table 90.1 Incidence of heparin/PF4 antibodies and hIT

Clinical population Incidence of  
anti-heparin/PF4 
antibodies (%)

Incidence of  
HIT (%)

Orthopedic surgery 14 3–5

Cardiac surgery 25–50 1–2

General medical 
patient

8–20 0.8–3.0

Chronic hemodialysis 0–2.3 0–0.1

Adapted from Arepally GM (2006). Clinical practice. N Engl J Med 355, 809–817.
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Thrombocytopenia: The majority of patients ( 90%) with HIT have a greater 
than 50% decrease in their platelet count. The remainder of patients, who have a dec-
rement that is less than 50%, have typically had clinical events such as thrombosis or 
skin lesions at the site of heparin injection. The median platelet count nadir is approx-
imately 50,000/l, and the nadir is rarely less than 20,000/l. In patients who have 
had an initial drop in platelet count associated with surgery, the highest postopera-
tive platelet value should be used as the baseline platelet count for comparison. If the 
patient has an elevated platelet count when heparin is started, a greater than 50% drop 
in platelet count is consistent with HIT, even though the patient may not be thrombo-
cytopenic by absolute numbers of platelets.

Thrombosis and Other Sequelae: Approximately 25–50% of patients with HIT 
will develop a thrombosis. The majority of these will occur at the time of diagnosis or 
within the first week; however, the prothrombotic risk remains for up to 30 days. Risk 
factors for thrombosis include orthopedic or trauma surgery, a large platelet count 
decrease, and a higher optical density on ELISA testing for anti-heparin/PF4 antibody. 
Venous thrombosis occurs more frequently than arterial thrombosis, especially in 
patients undergoing orthopedic surgery. However, arterial thrombosis is as frequent as 
venous thrombosis in the post-cardiac surgery setting. Overall, in those with arterial 
thrombosis, involvement of large lower-limb arteries is more common than stroke or 
myocardial infarction. In patients without clinical symptoms of thrombosis, venous 
thrombosis may be detected in up to 50% by duplex ultrasonography. For these rea-
sons, a screening ultrasound of the upper and lower extremities is recommended to 
further refine the clinical pretest probability and to assist in determining the duration 
of anticoagulation.

Erythematous plaques or necrosis at the site of subcutaneous heparin injection 
may be a feature of HIT. The skin lesions are typically painful, and begin five or more 
days after initiation of subcutaneous heparin.

Up to one-fourth of patients with HIT may develop an allergic reaction within  
5–30 minutes of intravenous heparin injection. Signs and symptoms may include 
fever, chills and respiratory distress. An abrupt drop in platelet count, if related to HIT, 
will follow the allergic reaction.

Diagnosis: HIT is a clinicopathologic diagnosis that requires careful clinical assess-
ment prior to any laboratory testing. Parameters to consider when developing a clini-
cal pretest probability are the degree of thrombocytopenia, the timing of the onset of 
thrombocytopenia, the presence of thrombosis or other sequelae, and the likelihood 
of other causes of thrombocytopenia (Table 90.2).

In patients who have not been recently exposed to heparin (within the prior 100 
days), antibodies require 5–10 days to develop. Thus, the drop in the platelet count 
does not begin until 5–10 days after starting heparin therapy. The nadir of platelet 
counts is usually reached several days later. In those who have had heparin within 
the past 100 days, anti-heparin/PF4 antibodies may persist in circulation and lead to 
a drop in platelet count within the first 24 hours. Unlike normal humoral responses, 
anti-heparin/PF4 antibodies are not thought to demonstrate true amnestic responses; 
nevertheless, a patient who has a history of HIT may theoretically have immunological 
memory and demonstrate HIT faster than five days after exposure to heparin. Rarely, 
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the onset of thrombocytopenia and/or thrombosis occurs five or more days following 
the discontinuation of heparin, and is considered delayed-onset HIT.

Laboratory Testing: Testing for HIT includes both the demonstration of anti-
heparin/PF4 antibodies by an ELISA assay and the determination that those anti-
bodies induce platelet activation in the setting of heparin using a functional platelet 
assay (see Chapter 121). Positive testing (i.e. antibodies are both present and induce 
platelet activation in the presence of heparin) occurs in  1%, 11–28% and 30–100% 
of patients with a low, intermediate and high clinical pretest probability, respectively. 
Accordingly, testing is warranted in those with an intermediate and high clinical prob-
ability (Figure 90.1). In those with an indeterminate diagnosis, alternative causes of 
thrombocytopenia should be re-evaluated. If no alternative cause for thrombocytope-
nia is found, repeat testing can be considered in several days. Any positive ELISA that 
follows an initial negative test should be confirmed with a functional assay in this set-
ting. If the ELISA remains negative, HIT is excluded. However, as treatment of HIT 
requires immediate discontinuation of all heparin-containing products, changing to 
alternate anticoagulants (see below) is recommended while awaiting laboratory results.

Differential Diagnosis: When evaluating a patient for potential HIT, other causes 
of thrombocytopenia must be considered. Disseminated intravascular coagulation 
and infection are not uncommon in the hospitalized patient, and should be consid-
ered in the differential diagnosis of thrombocytopenia. Careful review of the patient’s 
other drug exposures, baseline platelet count prior to admission, and peripheral blood 

Table 90.2 “4T”s hIT Clinical Pre-test Probability

2 points 1 point 0 points

Thrombocytopenia Platelet count fall 50%  
 and nadir 20,000/ml

Platelet count fall 30–50%  
 or nadir 10–19,000/ml

Platelet count fall  
 30% or nadir  
 10,000/ml

Timing Clear onset between 5  
 and 10 days or platelet 
 count fall 1 day 
 (prior heparin  
 exposure within 30  
 days)

Consistent with onset  
 between 5–10 days, but  
 not clear (e.g. missing  
 platelet counts); onset 
 after day 10 or fall 1  
 day (prior heparin  
  exposure 30–100 days ago)

Platelet count fall  
 4 days without  
 recent exposure

Thrombosis or other  
 sequelae

New thrombosis; skin  
 necrosis; acute  
 systemic reaction  
 post IV unfractionated 
 heparin

Progressive or recurrent  
 thrombosis; non- 
 necrotizing (erythematous) 
 skin lesions; suspected  
 thrombosis (not proven)

None

Other causes of  
 thrombocytopenia

None apparent Possible Definite

 3 points: Low clinical probability; 4–5 points: Intermediate clinical probability; 6–8 points: High clinical  
probability. Adapted from Lo GK et al. (2006). Evaluation of pretest clinical scores (4 T’s) for the diagnosis of heparin-
induced thrombocytopenia in two clinical settings. J Thromb Haemost 4, 759–765.
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smear are important parts of the diagnostic work-up of a patient suspected of hav-
ing HIT. In 5–10% of patients receiving heparin, there may be a non-immune-medi-
ated reduction in platelet count within the first 1–2 days. The nadir is typically not less 
than 100,000/l, and the platelet count improves despite continuation of heparin. This 
phenomenon, previously called Type 1 HIT, is of no known clinical consequence.

Management: In patients with an intermediate or high clinical probability of HIT, all 
heparin should be discontinued. Because risk of thrombosis persists even with cessation 
of heparin, an alternative non-heparin anticoagulant should be started immediately, 
regardless of the presence or absence of thrombosis. In a prospective study, 10.4% of 
subjects developed a thrombosis between discontinuation of heparin and initiation of an 
alternative anticoagulant. Great care must be taken to avoid all sources of heparin, such 
as intravenous (IV) flushes and heparin added to total parenteral nutrition formulas. 
Although low molecular weight heparin has a much lower rate of inducing anti-heparin/
PF4 antibodies, low molecular weight heparin can potentiate HIT once it is present, and 
thus low molecular weight heparins should also be avoided in a patient suspected of 
having HIT. Direct thrombin inhibitors (lepirudin, argatroban and bivalirudin) (DTI) 
are currently approved for use in the United States for treatment of patients with HIT 
(Table 90.3). Both lepirudin and argatroban directly bind thrombin, and do not require 
anti-thrombin for their effect. Major bleeding can occur in up to 17.6% of those receiv-
ing lepirudin when initiated with a bolus, and 5.3% of patients receiving argatroban.

Initiation of warfarin should be delayed until the platelet count has recovered to at 
least 100,000/l or near baseline. If started earlier, while there is persistent thrombocy-
topenia, there is a risk of venous gangrene once the DTI is discontinued. If warfarin is 
initiated prior to identification of HIT, vitamin K, 5 mg orally or IV, should be used to 
reverse the effect of warfarin.

Warfarin should be overlapped with the DTI for at least 5 days, and a therapeu-
tic INR should be present on two consecutive INR readings 24 hours apart prior to 

Functional
assay �

HIT
confirmed

HIT
indeterminate

Functional
assay �

HIT
excluded

HIT
confirmed

HIT
indeterminate

ELISA �

ELISA �

Intermediate clinical
pre-test probability
(4T score 4–5 points)

High clinical pre-test
probability (4T score
6–8 points)

ELISA �

ELISA �

FIgure 90.1 Diagnostic algorithm.
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Table

elimination Half-life

lepirudin Renal 80 min Dose reduce even for mild  
 renal impairment CrCl  60;  
 anti-lepirudin antibodies  
 occur in up to 40%, this may  
 lead to reduced elimination  
 and an increased anticoagulant  
 effect

argatroban hepatic 40–50 min

bivalirudin enzymatic (80%)  
 and renal (20%)

25 min approved for use in PCI only

*Alternative ubstantial without added reduction in thrombotic episodes. At lower doses (alternative 
approach), si
#Lower doses  dysfunction.
 90.3 FDa-approved alternative anticoagulants

Dosing PTT target ratio/timing 
first PTT

effect on PT

*bolus, 0.4 mg/kg (max 
 44 mg); infusion,  
 0.15 mg/kg/h (max.  
 16.5 mg/h); alternative  
 approach 0.05–0.1 mg/ 
 kg/h infusion without  
 a bolus

1.52.5  patient’s initial  
 PTT; check PTT 4 hours  
 after initiation and dose  
 adjustments

Minor

#2 g/kg/min; alternative  
 approach 1.5 g/kg/min

1.5–3  patient’s initial  
 PTT, NTe 100 seconds;  
 check PTT 2 hours after 
 initiation and 2–4 hours  
 after dose adjustment

Yes

0.15–2.0 mg/kg/h Monitored by aCT

approach is based on observations that the risk of bleeding with higher doses of lepirudin is s
milar rates of thrombosis were seen with less bleeding.
 (alternative approach) of argatroban may be adequate, particularly in those with multi-organ
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discontinuing the DTI. These recommendations are similar to those used when over-
lapping warfarin with heparin. They are intended to avoid a period of increased coag-
ulation as a result of warfarin-induced protein C and S deficiency, and assure adequate 
anticoagulation. Since argatroban, and to a lesser degree lepirudin, may affect the 
baseline prothrombin time prior to initiation of warfarin, determining when a patient 
is therapeutic with warfarin can be difficult. An approach is outlined in Figure 90.2; 
Warfarin affects Factors II, VII, IX, and X, whereas argatroban is specific for thrombin. 
Thus, a chromogenic Factor X assay can be used to distinguish the effects of warfarin 
as distinct from argatroban.

In the setting of a thrombosis, warfarin should be continued for 3–6 months. 
The shorter duration can be used for those with a catheter-related thrombosis. In 
the absence of a thrombosis, there are no clinical studies to guide the duration of 
anticoagulation. In a retrospective study of 62 patients with isolated HIT (though 

INR � 4; hold
argatroban � 4–6 h
and repeat INR

Chromogenic
Factor X level

Decrease
argatroban to
�2 �g/kg/min and
follow algorithm
above

Current dose
� 2 �g/kg/min

Current dose
� 2 �g/kg/min

INR � 2 continue
warfarin alone

�45% continue
warfarin alone

�45% restart
argatroban

INR � 2 restart
argatroban

FIgure 90.2 Conversion of argatroban to warfarin. Argatroban and warfarin should overlap for at 
least 5 days, and warfarin should be therapeutic for 24 hours prior to discontinuation of argatroban. The 
INR or chromogenic Factor X level can be used to determine if warfarin is thereapeutic. If the INR is 
used, patients need to be receiving 2 g/kg per minute for accurate assessment of the INR. In patients 
receiving argatroban at doses 2 g/kg per minute, the target INR while on the combination of warfarin 
and argatroban is 4. Once the INR is 4, the argatroban can be discontinued and an INR repeated after 
4–6 hours. If the INR is 2–3, then the warfarin is therapeutic. In patients receiving 2 g/kg per minute of 
argatroban, the infusion rate should be decreased to a rate of 2 g/kg per minute and a repeat INR obtained 
4–6 hours after the dose adjustment; the algorithm for argatroban at doses 2g/kg per minute can then  
be followed. If a chromogenic Factor X level is used, argatroban can be continued without dose adjustment. 
A chromogenic Factor X level of 45% is consistent with an INR of 2. The chromogenic Factor X level and 
INR are inversely proporational. As the chromogenic Factor X level decreases, the corresponding INR 
increases.
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asymptomatic thrombosis was not excluded by ultrasonography), 52.8% developed 
thrombosis during 30 days of follow-up; however only 10% of those developed after 
day 8. Accordingly, one month of warfarin anticoagulation is likely adequate in those 
with HIT without thrombosis where no evidence of thrombosis is discovered by 
ultrasonography.

Platelet Transfusions: Since bleeding is rare and there are anecdotal reports of 
clinical worsening when platelet transfusions are given to patients with HIT, it is rec-
ommended that prophylactic platelet transfusion be avoided

Cardiac Surgery: Patients with a history of HIT may require cardiac bypass. If 
anti-heparin/PF4 antibodies are not detected on ELISA, patients can be re-exposed 
to heparin for a short period (intraoperatively) without increasing antibody titers. A 
DTI should be used prior to and after surgery. Overall, this approach of using heparin 
during cardiac bypass in those with a history of HIT, but who currently do not have 
anti-heparin/PF4 antibodies detected on ELISA, is preferred over using a DTI. In 
those with a recent clinical history of HIT and persistent antibodies, a DTI should be 
used. Bivalirudin is typically the preferred DTI in the setting of cardiac surgery. Its use 
should be undertaken with an experienced surgeon and anesthesiologist following a 
published protocol.

Patient education: Patients with HIT need to be clearly informed of their reaction 
to heparin, and it should be listed as an allergy. A card stating this as an allergy should 
be provided to the patient. Further heparin exposure should be avoided, except in lim-
ited and well-controlled situations in which the benefits outweigh the risks (as in car-
diac surgery).
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Autoimmune lymphoproliferative syndrome
Michael A. Briones, DO

C h A P T E R  91
Autoimmune lymphoproliferative syndrome (AlPs) involves a triad of lympho-
proliferative disease, autoimmune cytopenias and increased susceptibility to malig-
nancy. This syndrome is caused by a primary defect in apopotosis, or programmed 
cell death.

Pathophysiology: AlPs is most often associated with heterozygous mutations in 
the gene encoding the Fas protein, TNFRsF6 (tumor necrosis factor receptor super-
family), and other related effector proteins that regulate lymphocyte survival. Most 
of these mutations are inherited in an autosomal dominant fashion with variable 
penetrance.

Clinical manifestations: lymphoproliferation is the major clinical finding in 
AlPs, presenting as lymphadenopathy and massive splenomegaly. The median age at 
initial presentation is 24 months. More pronounced in infancy, the lymphadenopathy 
often regresses during adolescence and may resolve spontaneously in selected patients. 
Additionally, 75% of patients have hepatomegaly. AlPs is not usually associated with 
systemic symptoms, such as fever, rigors or night sweats; these symptoms should sug-
gest an alternative diagnosis.

Approximately one-third of AlPs patients have autoimmune hemolytic anemia, 
immune-mediated thrombocytopenia or autoimmune neutropenia. Anticardiolipin 
antibodies and rheumatoid factor are also commonly seen. More rare autoimmune 
phenomena include glomerulonephritis, optic neuritis, Guillian-Barré syndrome, pri-
mary biliary cirrhosis, autoimmune hepatitis, arthritis, vasculitis, childhood linear IgA 
disease and acquired Factor VIII coagulopathy. skin rashes of probable autoimmune 
origin and urticaria are also both common. The risk of developing autoimmunity is 
lifelong, and becomes greater with age.

Increased susceptibility to malignancy is the most worrisome clinical finding asso-
ciated with AlPs, with lymphoma developing in about 10% of patients. A wide range 
of other malignancies has also been described.

Diagnosis: The diagnosis of AlPs is based upon the findings shown in Table 91.1. 
The identification of double-negative T cells by flow cytometry is a useful screening tool, 
especially if combined with other laboratory features, including peripheral lymphocy-
tosis, circulating autoantibodies and polyclonal hypergammaglobulinemia. The upper 
limit of normal for double-negative T cells is 1%. Confirmatory testing of Fas-mediated 
apoptosis is done by in vitro testing. Apoptotic cell death has been assessed by a variety 
of methods, including hypodiploid quantification, terminal deoxynucleotidyl transferase 
biotin-dUTP nick end labeling (TUNEl), propidium iodide surface staining, annexin 
surface staining, and dye exclusion. AlPs patients show wide variation in the degree of 
impairment to Fas-mediated apoptosis. Molecular studies have revealed that germline 
499
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Table 91.1 Diagnostic criteria for alPS

Required
chronic non-malignant lymphoproliferation, lymphadenopathy and/or splenomegaly
Defective in vitro Fas-mediated lymphocyte apoptosis
Increase in circulating double negative T cells that are cD4 negative cD8 negative and express the  
 alpha/beta
T-cell receptor above the normal range of 0.1–0.9% of lymphocytes (absolute counts range normally  
 from 2 to 17/ml)

Supporting
associated autoimmune disease
Mutations in Fas gene, Fas ligand gene, or caspase 8 or 10 genes
Family history of autoimmune lymphoproliferative syndrome (alPS)
Mutations of genes encoding Fas or related apoptosis signaling proteins
heterozygous mutations in the genes encoding apoptosis signaling proteins Fas, Fas lig-
and (Fasl), Caspase 8 or Caspase 10 are present in most patients with AlPs. The cur-
rent AlPs classification is based upon the mutation present. Type Ia involves mutation 
of the TNFRsF6 (Fas) gene, type Ib involves mutation of the TNFsF6 (Fasl) gene, type 
II involves mutation of caspase 8 or 10 genes, and type III involves no currently known 
mutation.

Differential Diagnosis: Autoimmune diseases such as systemic lupus erythemato-
sus (slE) may present with symptoms similar to AlPs. Acute leukemias, lymphomas, 
and viral infections including EBV, CMV and hIV must be ruled out. Immune dis-
orders such as IgA deficiency and common variable immunodeficiency must also be 
considered. Paroxysmal nocturnal hemoglobinuria, Rosai Dorfman disease, histiocytic 
disorders and other causes of hypersplenism must also be considered.

management: Immune suppression with corticosteroids such as prednisone has 
been the standard initial therapy. high-dose pulse therapy with IV methylprednisolone 
(5–30 mg/kg per day) has been used, followed by lower-dose oral prednisone (1–2 mg/
kg per day) for maintenance, with tapering of the corticosteroids over several months 
depending on response. Intravenous immunoglobulin (1–2 g/kg) has also been used, 
and may benefit some patients with severe AIhA by abrogating antibody-mediated 
red blood cell and platelet destruction. some AlPs patients with chronic neutropenia 
and associated infections benefit from three times a week granulocyte colony stimu-
lating factor (G-CsF). Rituximab has been utilized (375 mg/m2 weekly  4 doses) for 
treatment of refractory, chronic cytopenias. Patients refractory to standard drug regi-
mens and red blood cell transfusions who require long-term immune-suppression or 
who display severe refractory cytopenias (especially thrombocytopenia) may respond 
to mycophenolate mofetil or cyclosporine. Chemotherapeutic agents such as vincris-
tine have been utilized with variable results. hematopoietic progenitor cell transplan-
tation has been used successfully for those with severe disease that do not respond to 
other therapy. To avoid the risk of splenic rupture, participation in contact sports is 
not recommended for AlPs patients with significant splenomegaly.
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Hemolytic uremic syndrome
Michael A. Briones, DO

C H A P T E R  92
Hemolytic uremic syndrome (Hus) is a thrombotic microangiopathy (TMA)  
characterized by thrombocytopenia, acute renal failure and microangiopathic hemo-
lytic anemia. Hus is associated with a range of disorders, but is most commonly asso-
ciated with bloody diarrhea caused by shiga-like toxin-producing bacteria (90% 
of Hus in children). Non-diarrhea associated Hus is commonly termed atypical 
Hus, diarrhea-negative Hus, or non-shiga-like toxin-associated Hus, which can 
result from a wide variety of disorders, such as transplantation, neuraminidase from 
Streptococcal infection, cyclosporine, chemotherapy, other medications, pregnancy, 
and malignancy. The treatment of diarrhea-associated Hus differs from that of 
atypical Hus, and differentiating between atypical Hus and thrombotic thrombo-
cytopenic purpura (TTP) can be difficult. Atypical Hus is often treated with plasma 
exchange until TTP can be excluded (see Chapter 93). In contrast, plasma exchange is 
not utilized in the treatment of diarrhea-associated Hus in children. The outcome of 
atypical Hus is often worse than diarrhea-associated Hus; in atypical Hus, 50% of 
patient develop end-stage renal disease and 25% die in the acute phase of the disease.

Pathophysiology: TMA is defined by endothelial cell damage, resulting in plate-
let-associated thrombosis and vessel obstruction. Histologically, this is manifested by 
accumulation of platelet thrombi containing von Willebrand factor (VWF) with very 
little fibrin. Red blood cell (RBC) destruction occurs in the vessels narrowed by these 
thrombi, leading to schistocyte formation (Figure 92.1).
Figure 92.1 Note the absence of platelets and the presence of a nucleated erythrocyte and schistocytes 
(arrowheads), consistent with a microangiopathic process. From Hoffman R, Benz EJ, shattil sJ et al. (eds) 
(2005). Hematology: Basic Principles and Practice, 4th edition. Philadelphia, PA: Elsevier.
503
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Diarrhea-associated HuS: Hus occurs in as many as 15% of children approxi-
mately 1 week after an episode of hemorrhagic gastroenteritis caused by shiga-like toxin-
producing strains of Escherichia coli O157:H7 (sTEC). Infections with other E. coli  
serotypes, Shigella dysentariae and other microbes can also cause Hus in children and 
adults. Hus following urinary tract infection with sTEC has also been reported.

Cattle are the major vectors for E. coli O157:H7, with human infection occurring 
after ingestion of contaminated undercooked meat, non-pasteurized milk, or fruits/
vegetables. The enterohemorrhagic bacteria bind to mucosal epithelial cells of the 
colon and invade. Besides damage to the underlying tissues and consequent bloody 
diarrhea, the shiga-like toxin then enters the blood stream, binds to polymorpho-
nuclear leukocytes and is transported to target organs, including the kidneys. Renal 
glomerular endothelial cells are the primary targets for shiga-like toxins as they are 
particularly rich in glycolipid Gb3 (globotriaosylceramide), the predominant mem-
brane receptor for the shiga toxin. The endothelial cells become separated from the 
basement membrane and platelets are activated by contact with exposed collagen 
and ultra-large VWF (uLVWF) in the subendothelium. The subsequent binding of 
fibrinogen to activated platelet glycoprotein IIb/IIIa complexes induces aggregation 
of platelets in the glomerular microcirculation. In addition, shiga-like toxin induces 
renal endothelial cells to secrete chemokines, cytokines and reactive oxygen species to 
upregulate the expression of adhesion molecules on cell surfaces. Finally, local expo-
sure of tissue factor may activate the coagulation cascade, leading to thrombin gen-
eration and fibrin formation. These events act together to amplify renal microvascular 
thrombosis in E. coli-associated Hus. Other organs, including the brain, pancreas and 
liver, may also be damaged by circulating microthrombi.

Atypical HuS: Atypical Hus may occur secondary to Streptococcus pneumoniae 
infection, genetic causes, medications and pregnancy, and in association with other 
disorders. Streptococcus or other neuramidase producing bacteria accounts for up 
to 10% of pediatric Hus cases, typically occurring in children 2 years old. These 
patients present with pneumonia (rarely, skin infection), bacteremia and acute renal 
failure. The proposed mechanism is that the neuraminidase cleaves sialic acid residues 
on RBCs, platelets and glomeruli, leading to exposure of the Thomsen-Friedenreich 
antigen, which is recognized by a naturally occurring IgM antibody leading to com-
plement fixation and cellular damage (T-activation).

A minority of atypical Hus cases are related to an autosomal dominant or recessive 
inheritance genetic pattern. These patients have low levels of the third component of 
the complement system (C3), which is most commonly associated with genetic muta-
tion of Factor H gene (CHF). Factor H inhibits activation of the alternative pathway, 
while other mutations are in the membrane cofactor protein (MCP; MCP degrades 
C3b and C4b), or Factor I gene (IF; IF inactivates cell bound C3b). The resulting com-
plement dysregulation results in enhanced complement activation and increased cell 
lysis. Of 156 atypical Hus patients (58 familial and 98 sporadic) whose disease was 
triggered by various causes (pregnancy, medications, infection), 56% demonstrated 
no mutations in these three genes. Interestingly, these genetic mutations can influence 
disease prognosis and response to treatment; with the MCP mutations being associ-
ated with an improved response compared to the CHF mutations.
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Drug-induced TMA has been associated with antineoplastic agents (mitomycin, 
cisplatin, bleomycin, gemcitabine), immunosuppresive agents (cyclosporine, tac-
rolimus, muromonab-CD3), antiplatelet agents (ticlopidine, clopidogrel) and other 
medications (quinidine, interferon). some of the medications produce Hus in a 
cumulative dose-dependent manner, such as mitomycin and cyclosporin, while others 
act through an idiosyncratic immune-mediated response, such as quinidine, ticlopi-
den and clopidogrel. Pregnancy-associated TMA can be a result of HELLP, acute fatty 
liver associated with DIC, atypical Hus, or TTP (see Chapter 103).

Clinical manifestation and laboratory features: Hemolytic uremic syn-
drome is characterized by thrombocytopenia, microangiopathic hemolysis and acute 
renal failure. Approximately 90% of typical childhood Hus cases present 1–2 weeks 
following a prodromal diarrheal illness, which often involves bloody diarrhea. stool 
cultures may be negative by the time of presentation.

Diagnosis:

CBC and Coagulation markers: Hus is defined by the presence of micro- 
angiopathic hemolytic anemia, thrombocytopenia and acute renal failure. schisto-
cytes are seen on peripheral blood smear, which reflect the fragmentation of the 
RBCs that occur as the RBCs traverse vessels partially occluded by platelet and 
hyaline microthrombi. In addition to schistocytes, giant platelets may be seen on 
peripheral smear. Elevation of the reticulocyte count, lactate dehydrogenase and 
indirect bilirubin (rarely 2–3 mg/dl), together with low haptoglobin levels, reflect  
intravascular hemolysis. The direct antiglobulin test is typically negative. 
Thrombocytopenia is mild to moderate in severity (platelet count 60,000/l), and 
purpura or active bleeding are rare. The anemia and thrombocytopenia are unrelated 
to the severity of the renal dysfunction. However, hemolysis, RBC fragmentation and 
thrombocytopenia, if prolonged for more than 10 days, are associated with long-term 
renal sequelae. A moderate leukocytosis may also be present. The PT and PTT are 
within the normal range, differentiating Hus from DIC, but the fibrinogen, VWF, 
FVIII and D-dimer, as well as other markers of thrombin generation and fibrinolysis, 
may be elevated.

renal Function and other Complications: Blood urea nitrogen (BuN) and 
creatinine are typically markedly elevated. The urinalysis typically shows varying 
degrees of nephritis with associated protein, RBCs, WBCs and casts. Persistent pro-
teinuria may be associated with an increased risk of progressive renal dysfunction. 
Complement (C3, C4) levels may be assessed and are usually reduced.

Differential Diagnosis: The differential diagnosis of Hus includes other TMAs: 
thrombotic thrombocytopenic purpura (TTP); disseminated intravascular coagu-
lation (DIC); malignant hypertension; post-HPC (or solid-organ) transplantation  
TMA; Kasabach-Merritt syndrome; radiation nephritis; hemolysis with prosthetic car-
diac devices (Waring Blender hemolysis); drug-induced microangiopathy; antiphos-
pholipid antibody syndrome (APs); HIV-associated TMA; or hemolysis, elevated 
liver enzymes, low platelets (HELLP) syndrome. No laboratory test is currently able 
to distinguish between these disorders. The patient’s history and underlying medical 
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diseases are most useful in determining the cause of the TMA and resulting therapy. 
For example, plasma exchange initiated soon after diagnosis for TTP is the standard of 
care. However, in HPC transplantation-associated TMA, plasma exchange is no longer 
considered standard of care as effectiveness has not been proven. Plasma exchange 
in malignant hypertension-induced TMA or secondary to a prosthetic intravascular 
device is also not typically indicated. For the remainder of associated disorders, the 
utility of plasma exchange is uncertain, but a therapeutic trial may be indicated, espe-
cially if idiopathic TTP cannot be excluded.

management/Prognosis:

Diarrhea-associated HuS: The mainstay of therapy for diarrhea-associated Hus 
is supportive care, including dialysis. Early recognition and intravenous volume expan-
sion have been shown to provide renal protection. Thrombocytopenia typically lasts 
1–2 weeks, with anemia lasting for a slightly longer time period. Platelet transfusions 
are not recommended except in exceptional circumstances. Evidence suggests that 
antibiotics should be avoided unless the patient displays clinical signs of sepsis. Other 
treatments, including plasma therapy and use of intravenous immunoglobulin (IVIG), 
fibrinolytic and antiplatelet agents, corticosteroids and antioxidants have been ineffec-
tive in controlled clinical trials when utilized during the acute phase of the disease. As 
previously mentioned, dialysis is required in over 50% of children. However; dialysis is 
rarely needed for longer than 7 days. Hypertension is a common finding. Renal injury 
progressing to end-stage renal failure and kidney transplantation is rare in diarrhea-
associated Hus (occurring in less than 10% of patients). Gastrointestinal complica-
tions, including cholelithiasis, pancreatitis and hepatitis, may occur. Neurological 
complications (seizures, altered mental status, stroke) may occur in up to 25% of chil-
dren with Hus. Death rarely occurs (2–4%).

Atypical HuS: Neuraminidase-associated Hus is treated with antibiotic ther-
apy and supportive care. Owing to this complication, some clinicians try to avoid 
plasma transfusion to decrease exposure to naturally occurring antibodies against the 
Thomsen-Freidenreich antigen. In other causes of atypical Hus, plasma exchange/
infusion has been used with an overall drop in the mortality rate from 50% to 25%, 
but its efficacy is debated. Plasma exchange should be considered if renal or heart fail-
ure is present, and should be initiated within 24 hours of the patient’s presentation; 
therapy should also be continued for at least 2 days after complete remission. Renal 
transplantation is a limited option for atypical Hus because of the 50% recurrence 
rate and 90% rate of graft failure in patients with recurrence.
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Thrombotic Thrombocytopenic purpura
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C H A p T e R  93
Thrombotic thrombocytopenic purpura (TTp), a thrombotic microangiopathy 
(TMA), is a syndrome consisting of microangiopathic hemolytic anemia (MAHA), 
thrombocytopenia, and end-organ damage secondary to microvascular thrombi. 
Anemia, thrombocytopenia, fever, neurological signs and renal abnormalities make 
up the classic pentad. However, this classic pentad is rarely fully present, and treat-
ment should be initiated in the setting of unexplained MAHA and thrombocytope-
nia. Treatment of TTp with therapeutic plasma exchange has drastically decreased the 
mortality rate from greater than 90% to less than 20%.

Pathophysiology: The pathophysiology of TTp has been recently clarified as 
an acute deficiency of von Willebrand factor (VWF)-cleaving metalloprotease 
(ADAMTS13 [a disintegrin and metalloprotease with thrombospondin type 1 motif, 
13]). ADAMTS13 deficiency results in the accumulation of ultra-large VWF mul-
timers, which bind platelets, and leads to both thrombi in the microvasculature and 
thrombocytopenia. The microthrombi then cause MAHA by shearing of red blood 
cells (RBCs).

In idiopathic TTp, autoantibodies directed against ADAMTS13 cause enzyme dys-
function by increased clearance or impaired enzyme attachment. Mutations of the 
ADMATS13 gene are associated with congenital TTp (Upshaw-Shulman syndrome).

The pathophysiology of secondary TTp is varied, and depends on the under-
lying cause; some disorders are associated with ADAMTS13 autoantibody formation, 
while other disorders are associated with endothelial injury without autoantibody 
formation.

Despite the link between ADAMTS13 and TTp, ADAMTS13 deficiency is not 
pathognomonic for TTp. Low ADAMTS13 activity can be seen in healthy individuals, 
as well as in individuals with DIC, ITp, sepsis, hepatic dysfunction, malignancy and 
pregnancy. Furthermore, patients with TTp may have normal ADAMTS13 activity. 
Therefore, the diagnosis of TTp remains a clinical diagnosis.

Epidemiology: The annual incidence of TTp is 11 per 106 persons, with the inci-
dence of idiopathic TTp being 4 per 106 persons. The incidence of idiopathic TTp 
is 2.5 times greater in women as compared to men, and 4.9 times greater in African 
Americans as compared to other races. The median age at presentation is approximately 
40 years, but may be younger in those with idiopathic or pregnancy-related TTp.

Clinical manifestations: The classic pentad of anemia, thrombocytopenia, fever, 
neurological signs and renal failure is infrequently present. Fever is present in 24% of 
patient, renal abnormalities in 59%, and neurological signs in 63%. Renal involvement 
may manifest as proteinuria or increasing serum creatinine level. Neurologic involve-
ment may manifest as seizures, focal neurological deficits, or problems with memory 
509



510� Christine�L.�Kempton,�MD
or confusion that can be subtle. patients may also complain of non-specific symp-
toms, such as abdominal pain, nausea and weakness. Importantly, the absence of fever, 
renal dysfunction, neurologic findings or other end-organ damage does not exclude 
the diagnosis of TTp.

patients with congenital TTp related to a mutation of the ADAMTS13 gene, and 
resulting ADAMTS13 deficiency, may present anytime from the neonatal period 
through young adulthood. In two-thirds of patients the interval between relapses is 
every 2–3 weeks, and in one-third of patients the interval between relapses may be as 
long as years.

Diagnosis: TTp should be considered in the differential diagnosis of all patients 
presenting with MAHA and thrombocytopenia in the absence of underlying dis-
ease. MAHA is defined as schistocytes on peripheral smear, and hemolytic anemia. 
Hemolytic anemia is diagnosed by an elevated lactate dehydrogenase (LDH), indirect 
bilirubin and reticulocyte count. A microangiopathic cause for the hemolytic anemia 
is supported by the presence of schistocytes on the peripheral smear (2 per field at 
100 magnification).

Given that MAHA and thrombocytopenia are not specific for TTp, other causes 
should also be evaluated (Table 93.1). pT, pTT, direct antiglobulin test (DAT), renal 
and liver function tests may help in diagnosis. pT and pTT typically are within nor-
mal limits in TTp, and DAT is typically negative. Although low activity levels of 
ADAMTS13 and the presence of inhibitory antibodies to ADAMTS13 may estimate 
the risk for future relapse, the diagnostic value of these tests remains unclear (see 
Chapter 120).
Table 93.1 Differential Diagnosis of microangiopathic hemolytic anemia

autoimmune diseases (antiphospholipid antibody syndrome, systemic lupus erythematosus)

Disseminated intravascular coagulopathy

hematopoietic progenitor cell transplantation

hIV/aIDS

Kasabach-merritt Syndrome

malignancy

malignant hypertension

medications:

l Calcineurin inhibitors: cyclosporine and tacrolimus
l Cancer chemotherapy: mitomycin C, cisplatin and gemcitabine
l Quinine

Pregnancy (hemolysis elevated liver enzymes and low platelets [hellP] syndrome, eclampsia)

Prosthetic heart valves

Radiation nephritis

Scleroderma renal crises
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Differential Diagnosis: The patient’s history and physical examination are most 
useful in determining the cause of MAHA and thrombocytopenia. In addition to the 
difficulty distinguishing between idiopathic and non-idiopathic TTp, the distinction 
between hemolytic uremic syndrome (HUS) and TTp may be difficult; patients with 
HUS typically have significantly worse renal function than those with TTp, and lack 
neurologic symptoms. In the adult patient, atypical HUS is not readily distinguishable 
from TTp and is managed similarly. Children with diarrhea-associated HUS are not 
routinely treated with plasma exchange (see Chapter 92).

management: Left untreated, the mortality associated with TTp is greater than 
90%. Therapeutic plasma exchange (Tpe) is the primary therapy for TTp. Tpe is 
hypothesized to work by removing ultra-large VWF multimers and anti-ADAMTS13 
autoantibodies, while concurrently restoring ADAMTS13 protease activity. Tpe 
should be instituted as soon as possible after TTp is suspected, based on the findings 
of an unexplained MAHA and thrombocytopenia. If Tpe is not available, plasma 
infusion (15–30 ml/kg) should be initiated while arrangements for Tpe are made 
(Chapter 68).

Although some patients may have had signs or symptoms of TTp for weeks, insti-
tuting Tpe should not be delayed on the basis of apparent clinical stability. There are 
no clinical prognostic factors that can accurately predict the onset of potentially cata-
strophic end-organ damage.

There are clinical situations, such as pregnancy and systemic lupus erythematosis, 
where Tpe should be instituted as in idiopathic TTp, because these disorders are asso-
ciated with ADAMTS13 autoantibody formation (i.e. have pathophysiology identical 
to idiopathic TTp). In contrast to TTp, Tpe in TMA secondary to malignant hyper-
tension, prosthetic intravascular devices or hematopoietic progenitor cell transplanta-
tion are typically not indicated. For the remainder of cases of non-idiopathic TTp, the 
utility of Tpe is uncertain; typically, a trial of Tpe is initiated.

Tpe can be initiated using plasma products (fresh frozen plasma [FFp] or cryo-
precipitate reduced plasma [CRp]). Although underpowered to be definitive, a small 
study comparing CRp and FFp found no difference in patient outcome. The typi-
cal Tpe regimen is 1.0 total plasma volume exchanged daily until the platelet count 
is above 150,000/l. Most authorities will continue Tpe for 2 days after the platelet 
count is 150,000/l, and some authorities will taper off Tpe. The patient should be 
closely followed for the next few weeks for evidence of recurrence.

During treatment and in the immediate period after discontinuing Tpe, daily labo-
ratory monitoring should include hematocrit/hemoglobin, platelet count, reticulocyte 
count and LDH. If the platelet count decreases or the LDH increases after discontinu-
ing Tpe, the patient should be re-evaluated for re-initiating Tpe. Infection is associ-
ated with worsening or relapses of TTp.

All patients should receive folic acid to facilitate RBC production secondary to the 
increased RBC destruction. Given the potential for an underlying autoimmune dis-
order leading to ADAMTS13 inhibitory antibodies, steroids have been used in the 
treatment of TTp. They should be considered as an adjunct to treatment with Tpe 
in patients that are refractory to Tpe (defined below) have an exacerbation when 
Tpe is discontinued, have life-threatening episode or relapse after remission. Steroid 
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regimens include 1–2 mg/kg of prednisone daily until remission is achieved, or 1 g of 
methylprednisolone per day for 3 days.

Other immunosuppressive agents that have been reported in case series include 
rituximab, cyclophosphamide and vincristine. The demonstrated presence of an 
inhibitor to ADAMTS13 theoretically makes the use of such immunosuppressive 
agents rational. Although there are no historical clinical trials to guide usage, a current 
NHLBI-funded randomized clinical trial is comparing patient outcome in patients 
with idiopathic TTp receiving Tpe and steroids to those receiving Tpe, steroids, and 
rituximab (Study of TTp and Rituximab [STAR]).

Given the risk of platelet transfusions worsening disease, platelets should be 
reserved for patients with severe or life-threatening hemorrhage.

Refractory Disease: Refractory disease has been defined in various ways; defini-
tions include a lack of improvement in platelet count after seven daily Tpe procedures, 
lack of normalization of platelet count after 3 weeks of treatment, and worsening of 
disease despite treatment. A variety of treatment approaches have been used for refrac-
tory TTp, but none in a randomized clinical trial. Approaches include changing the  
replacement fluid (e.g. FFp to CRp or conversely), increasing the exchange volume 
to 1.5–2.0 plasma volumes, performing two exchanges a day with 1.0 plasma volume  
per each exchange, and adding steroids or other immunosuppressive agents if not 
already utilized. The approach to the refractory patient depends on the disease sever-
ity, response to previous Tpe procedures, other medications, and patient’s underlying 
diseases. In life-threatening disease, an increase in Tpe frequency or exchange volume 
as well as immunosuppressive therapy should be considered.

In a small study, those patients that had ADAMTS13 deficiency and an inhibi-
tor to ADAMTS13 had a more prolonged clinical course as compared to those with 
ADAMTS13 deficiency without an inhibitor (see Chapter 120). Those with an inhibi-
tor had a longer time to platelet recovery (23 days versus 7 days) and a higher propor-
tion of relapses (62% versus 25%).

Exacerbation: Recurrence of active TTp prior to 30 days after the last Tpe proce-
dure should be considered an exacerbation of the initial episode rather than a relapse 
(see below), and treated with re-initiation of Tpe; 20–45% of patients will experience 
an exacerbation.

Relapse: Relapse is typically defined as disease recurrence (i.e. thrombocytopenia 
and elevated LDH) after 30 days from the last Tpe procedure from the previous epi-
sode. Approximately 35% of patients experience a relapse, which can be years later. 
Tpe should be reinitiated. In addition, multiple other therapies, including splenec-
tomy and immunosuppressive medications, may be considered in patients who have 
recurrent relapsing TTp, although mixed reports exists with respect to the effective-
ness of these procedures.

Familial TTP: For patients with congenital TTp secondary to a congenital defi-
ciency of ADAMTS13, the treatment of choice is replacement of the missing cleav-
ing protease by prophylactic plasma infusions. Infusions of plasma (10 ml/kg) or CRp 
may be required as frequently as every 2–3 weeks, depending on the severity of the 
deficiency.
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Antiphospholipid Antibody syndrome
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C H A P T E R  94
Antiphospholipid antibody syndrome (APs) is an autoimmune and multi-system 
disorder of recurrent arterial and venous thrombosis, pregnancy loss and immune 
cytopenias associated with the presence of antiphospholipid antibodies (APA), and a 
persistently positive anticardiolipin (ACL) or lupus anticoagulant testing. It is now well 
established that APA are heterogenous and bind to various protein targets, among them 
the plasma protein beta 2 glycoprotein I (2GPI) and prothrombin. Antiphospholipid 
antibodies were first described in 1906 in a study by Wassermann and colleagues, 
among patients with positive serologic testing for syphilis. Antiphospholipid anti-
bodies can be broadly categorized into those antibodies that prolong phospholipid-
dependent coagulation assays, known as lupus anticoagulant (LA), or ACL, which 
targets cardiolipin. APs can either be primary when it is not associated with another 
disease or secondary when it occurs in association with other conditions, such as  
systemic lupus erythematosus (sLE).

Pathophysiology: The mechanisms which cause thrombosis in APs are unclear. 
There is evidence that the antibodies interfere with the protein C pathway by impair-
ing both protein C activation and the function of activated protein C (APC). There 
are data implicating endothelial cell dysfunction, with these cells expressing signifi-
cantly higher amounts of the adhesion molecules, intercellular cell adhesion mol-
ecule-1 (ICAM-1), vascular cell adhesion-1 (VCAM-1) and E-selectin, when these are 
incubated with APA and 2GPI in vitro. similarly, the incubation of endothelial cells 
with antibodies reacting with 2GP1 has been shown to induce endothelial cell activa-
tion with upregulation of various adhesion molecules, IL-6 production and alteration 
in prostaglandin metabolism. Another possible mechanism suggested to explain the 
prothrombotic and proinflammatory activities of APA is the upregulation of tissue 
factor (TF). IgG from patients with APs significantly increases TF function and tran-
scription in monocytes and has also shown increased levels of soluble TF in patients 
with APs and thrombosis. Hence, there is evidence that APA induce TF expression 
and procoagulant activity in vitro and in patients with APs.

Recent studies have suggested that activation of the complement cascade may be 
necessary for APA-mediated thrombosis. Thrombus formation induced by antibod-
ies to 2GPI requires a priming factor such as bacterial lipopolysaccharide (LPs), and 
is complement dependent. Hypocomplementemia has been found in a significant 
proportion of patients with primary APs, and has been associated with thrombosis. 
The mechanism by which APA mediate disease, however, is only partially understood, 
and is limited by the apparent polyspecificity of the antibodies, the multiple poten-
tial end-target organs and the variability of clinical context. Antiphospholipid anti-
bodies are heterogeneous, and more than one mechanism may be involved in causing 
thrombosis.
515
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Clinical manifestations: APs should be considered in a patient with arterial or 
venous thrombosis, recurrent fetal loss, immune-mediated thrombocytopenia, and 
hemolytic anemia in association with a LA or ACA. Males with primary APs will usu-
ally demonstrate high-titer APA in association with thrombocytopenia, livedo reticu-
laris, arterial thrombosis or a cerebrovascular accident (CVA). Children can present 
with a CVA, manifesting symptoms such as seizures, chorea and paralysis. Adults and 
children with APs can also present with deep venous thrombosis, Budd-Chiari syn-
drome, cutaneous vasculopathy (e.g. Henoch-schonlein purpura), pulmonary embo-
lism, optic neuropathy or renal disease (Table 94.1). Fetal and newborn complications 
can occur with maternal transfer of APA. Fetal loss/miscarriage can occur in up to 
20% of pregnancies who have APs. The episodes of fetal loss usually occur during the 
late first or early second trimester of pregnancy, and are thought to be secondary to 
thrombosis in the uteroplacental vasculature.
Table 94.1 Clinical presentations of antiphospholipid antibody syndrome

Deep vein thrombosis budd-Chiari syndrome
pulmonary embolism Recurrent fetal loss
arterial thrombosis Nephropathy
Myocardial infarction livedo reticularis
Cerebrovascular accident Hemolytic anemia
Chorea Thrombocytopenia
seizures Rarely, hemorrhagic disorders
Diagnosis: The diagnosis of APs relies heavily on persistent laboratory abnormali-
ties. Although multiple etiologies of thrombosis can occur simultaneously, diagnosis 
of APs often looks for persistent positive APs labs in the absence of other causes of 
thrombosis. The labs measure both antiphospholipid antibodies by solid phase assay 
and lupus anticoagulant activity by fluid phase assays. Given the heterogeneous nature 
of lupus anticoagulants, there is a complex panel of testing involved to maximize sen-
sitivity to lupus anticoagulants with different specificities. Use and interpretation of 
these diagnostic tests are described in Chapter 137.

management: The treatment of thrombosis in APs involves anticoagulation, ini-
tially heparin, then followed by warfarin. Because of the high incidence of recurrence, 
indefinite anticoagulation therapy is warranted in patients with persistently elevated 
APA. In patients with recurrent thrombotic events despite adequate anticoagulation, 
low-dose aspirin (81 mg daily) is often added. Immunosuppressive agents such as 
cyclophosphamide and corticosteroids are sometimes utilized with variable results in 
APs, but are helpful in the treatment of patients experiencing exacerbation of con-
comitant sLE or other autoimmune disease.

When utilizing the oral anticoagulation warfarin, the International Normalized 
Ratio (INR) should be maintained between 2.0 and 3.0. Higher INR values of 2.5 to 
3.5 are recommended by some authors to prevent arterial thromboses. The presence 
of underlying thrombophilia should be investigated (e.g. Factor V Leiden or pro-
thrombin gene mutation). It should be emphasized to the APs patient that coexistent 
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prothrombotic factors and lifestyle issues, such as hormone replacement therapy con-
taining estrogens, smoking, and increased weight, should be addressed.

For catastrophic APs, plasma exchange or intravenous immunoglobulin combined 
with heparin, and high-dose corticosteroids are often used, although there are no con-
trolled studies to validate this approach. Rituximab, a monoclonal antibody which 
selectively depletes CD20-positive B lymphocytes, has been successfully employed in 
a small number of patients with resistant APs. If thrombocytopenia or hemolytic ane-
mia is the only manifestation of APs, management should be similar to that routinely 
utilized in patients with idiopathic thrombocytopenia purpura or autoimmune hemo-
lytic anemia. standard approaches to both hematological problems include intrave-
nous immunoglobulin, corticosteroids and/or splenectomy.
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von Willebrand disease (VWD) is a disorder characterized by deficiency of the von 
Willebrand factor (VWF) and is the most common inherited bleeding disorder, affect-
ing 0.1–1% of the general population. VWD was first characterized in 1926 by Erik 
von Willebrand after describing a group of patients in the Aland archipelago off the 
coast of Finland. These patients had bleeding symptoms different from classic hemo-
philia, and an autosomal inheritance pattern. The clinical manifestations are varied, 
but usually comprise mucosal bleeding symptoms and bleeding immediately after 
invasive procedures or surgery.

Pathophysiology: VWF is a large multimeric protein which is encoded from chro-
mosome 12p. It is secreted from both megakaryocytes and endothelial cells, and stored 
as a large VWF multimer in the Weibel Palade bodies of endothelial cells and in platelet 
 granules. VWF is synthesized in the endoplasmic reticulum as a large proVWF and 
the two C terminal portions are linked tail to tail as a dimer and stored as a 230-kDa 
pro-VWF protein. Glycosylation of the molecule takes place and the C-terminal dimers 
are then N-terminal multimerized up to 20,000 kDa in size. The VWF propolypeptide 
(VWFAgII) has a distinct role in the multimerization and storage of the protein, and is 
cleaved off prior to storage. The larger multimeric forms of the protein help in mediat-
ing platelet adhesion. The VWF protein has two essential functions; the first is to act as 
a carrier protein for FVIII, and the second is to bridge platelets to the blood vessel wall 
forming a link between glycoprotein (GP) Ib on the surface of the platelet with collagen 
and the underlying sub-endothelial matrix.

Classification: VWD is classified into three types: type 1, a partial quantitative defi-
ciency of VWF; type 2, a qualitative deficiency of VWF; and type 3, a complete defi-
ciency of  VWF.

Type 1 VWD: Type 1 VWD accounts for approximately 80% of all VWD with a 
purported prevalence of 1% of the population, although the true prevalence is more 
likely between 0.1% and 0.4%. Type 1 VWD is a quantitative defect, where the VWF 
functions normally but is present in lower than normal amounts. Type 1 is auto-
somal dominantly inherited. This manifests itself as a decrease in both antigen lev-
els and functional activity. Multimer patterns, detected by Western blot, show normal 
size distribution but decreased band intensity. In addition, Factor VIII (FVIII) levels 
are typically low, as VWF stabilizes FVIII. The vast majority of type 1 VWD is due to 
decreased synthesis, with the exception of type 1C or Vicenza, which is known to have 
a decreased half-life. Type 1C or Vicenza has lower VWF levels at baseline (single dig-
its to teens) and an increased VWF propeptide level as well as increased peak levels of 
VWF when measured 15–30 minutes after desmopressin challenge.
519
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Type 2 VWD: Type 2 VWD comprises the vast majority of the remaining cases that 
are not type 1 (15–20%), and in general is characterized as a qualitative defect with 
normal to low antigen levels but substantially decreased functional activity. Given the 
complexity of domains and functions of VWF, there are four different specific activi-
ties that can be altered in mutated VWF, and each constitutes a separate sub-type of 
type 2 VWD. Figure 95.1 demonstrates the domain sequence of the molecule, and 
where the known type 2 defects are located.
propeptide (VWFpp)

1aa. 741

500 500 1000

mature von Willebrand Factor (VWF)

1500

2813

C

2050

0.23 763

furin cleavage site
(aa 763–764)

protein:

cDNA:

D1

0 kB

type 2A1 type 2A2

type 2A1
abnormal collagen-binding

type 1 with accelerated
clearance (type 1C or Vicenza)

type 2N VWD
type 2B VWD

type 2M VWD

1 2 3 4 5 6 7 8

N D2 D3D� C2C1D4

BS

A1 A2 A3

A1 A3

ADAMTS13 cleavage site
(aa 1605–1605)

GPIb
heparin
collagen

F VIII collagen RGDS

GPIIb/IIIa

1

S

Figure 95.1 Depiction of the protein sequence aligned with the cDNA sequence and the location 
of various type 2 VWD disorders as they relate to the domain regions of the VWF. Protein structure and 
its relation to VWD variant subtype mutation location. VWF contains specific domains that have been 
shown to have discrete functions, including (1) the interaction with Factor VIII (D and D3), GPIb (A1), 
collagen (A1 and A3), ADAMTS13 (A2), platelet GPIIb/IIIa (C1) and furin (D2-D). The lower panel 
localizes hotspots for DNA mutations which cause VWF variants that tend to correlate with the functional 
domains. The variants include type 2A1 (2 A variants that fail to multimerize properly), type 2 N (decreased 
interaction with Factor VIII), type 2B (increased binding to platelet GPIb), type 2 M (decreased binding 
to GPIb but with normal VWF multimers), type 2A2 (2 A variants caused by increased spontaneous 
proteolysis of VWF by ADAMTS13), abnormal binding to collagen, and type 1C (type 1 VWD variant with 
accelerated VWF clearance). reproduced courtesy of rr Montgomery.
Type 2A VWD: Type 2A VWD accounts for 10–12% of all VWD. It is characterized 
by absence of both large and intermediate weight VWF multimers. Type 2 A VWD is 
characterized by either decreased multimerization during synthesis (assembly of VWF 
multimers within the cell) or increased susceptibility to proteolysis from increased 
cleavage by ADAMTS13 metalloprotease. Deficiencies in multimerization can be due 
to mutations found in the D2 and D3, A2 and the C terminal portions of the VWF 
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protein. Increased proteolysis has been discovered to be exclusively due to mutations 
in the A2 region of the molecule, which enhances susceptibility to the effect of the 
ADAMTS13 protease.

Type 2B VWD: In type 2B VWD, a gain of function mutation results in increased 
affinity for the VWF protein for GP Ib on the platelet surface. This leads to a mild 
thrombocytopenia and a lack of the large molecular weight multimers due to 
increased binding to and clearance of platelets. This defect is caused by mutations in 
the A1 region of the molecule where interaction with the GP 1b is known to occur, 
and affects approximately 3–5% of the VWD population. A unique laboratory feature 
of this type of VWD is its increased platelet aggregation in response to low doses of 
the antibiotic ristocetin. This testing will be discussed in Chapter 123.

Platelet-type or Pseudo VWD: From a laboratory perspective, pseudo VWD has a 
similar profile to type 2B VWD. As in type 2B, there is increased affinity between VWF 
and platelets, but in pseudo VWD it is due to a gain of function mutation on the plate-
let GP 1b receptor and not in the VWF. Other laboratory features, such as loss of high 
molecular weight multimers, mild thrombocytopenia, and increased aggregation to low 
dose ristocetin, are similar between platelet/pseudo VWD and type 2B. Distinguishing 
pseudo VWD from type 2B is discussed in Chapter 123.

Type 2 M VWD: In type 2 M VWD, the functional activity of the molecule is approx-
imately one-half of the antigenic activity. The defect is now known to be related to 
abnormalities in the A1 region of the VWF, and is secondary to decreased affinity to 
GP 1b – the opposite of type 2B VWD. Type 2 M VWD affects 1–2% of individuals 
with VWD. Multimer patterns are typically normal in type 2 M VWD. This might be 
explained by decreased platelet binding and resultant exposure of the VWF to cleavage 
by the ADAMTS13 protease.

Type 2 N VWD: Type 2 N VWD (also known as the Normandy variant of type 2 
VWD) is characterized by a low FVIII activity (5–15%). Type 2 N VWD affects 1–2% 
of individuals with VWD. A mutation in the FVIII binding domain of VWF in the D 
region prevents the normal stabilization of FVIII by VWF. Type 2 N has been termed 
autosomal hemophilia A, as it has some symptoms similar to hemophilia A, but is not 
sex linked. In some cases, type 2 N may be misdiagnosed as hemophilia A, but careful 
attention to the predominant mucosal bleeding symptoms of VWD 2 N and the FVIII 
level in the mild hemophilia range should help to differentiate the two conditions. It is 
inherited in a recessive or compound heterozygous fashion.

Type 3 VWD: Type 3 VWD is also known as the autosomal recessive form of VWD, 
where the individual is either homozygous or compound heterozygous. Type 3 VWD 
is characterized by the complete absence of VWF, with no functional activity and no 
antigenic protein. The FVIII coagulant activity is in the moderate hemophilia range 
(3–5% FVIII activity). Type 3 VWD occurs in approximately one in 1  106 individu-
als and accounts for, at most, 1% of all VWD individuals.

Clinical Manifestations: The clinical history is the most important criteria uti-
lized in establishing a diagnosis of VWD. Without a history of bleeding in the patient 
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or within the family, it is difficult to assign a diagnosis. Details of the bleeding history 
are found in Chapter 79. European investigators and others have recently determined 
a bleeding score based upon the history. This approach may not be as applicable to 
children as to adults. First, children have often not been carefully questioned, and nor 
have they been hemostatically challenged. Second, “milder” bleeding symptoms such 
as purpura and epistaxis are more prevalent among children, and may be overlooked 
in the history. Therefore, an underlying bleeding condition, such as VWD, is more 
likely to be missed in the younger age group.

Diagnosis: An important aspect in the diagnosis of VWD is carefully collected 
bleeding history. If the history is suggestive of VWD it is essential to perform addi-
tional diagnostic testing, because the PT, PTT, thrombin time, fibrinogen, PFA/bleed-
ing time, CBC and platelet count are often normal. Therefore, more specific testing for 
VWD is required. The PTT may be prolonged if the FVIII activity is less than 40%. 
Similarly, the PFA/bleeding time can sometimes be prolonged if the VWF levels are 
less than 30%.

The different laboratory tests utilized in making a diagnosis and in differentiating 
the types of VWD are summarized in Figure 95.2. More detailed assessment of the 
laboratory testing in VWD is found in Chapter 123.

VWD Screening Tests: Screening tests for VWD include the VWF antigen, VWF ris-
tocetin cofactor activity (VWF:rCo), FVIII activity, and VWF multimers, as each of 
these tests is important in discerning whether a patient has VWD and, if so, the type of 
VWD. Most hematologists will usually perform the VWF antigen, VWF ristocetin cofac-
tor and the FVIII activity on initial screening, and will perform the multimer testing and 
blood type once a diagnosis is reached. The abnormal range for VWF antigen, ristocetin 
cofactor and FVIII activity is usually less than 50% (usually less than two standard devi-
ations below the mean), but may vary based on the normal ranges determined by the 
local or reference laboratory. There are a number of modulating factors which impact on 
interpretation of VWF testing, most importantly the ABO blood type. The blood type O 
is associated with lower VWF levels than other ABO blood types; therefore, assessment 
of bleeding symptoms is essential to establish true disease. Other modulating factors 
include physiologic conditions, such as pregnancy, mid-menstrual cycle and exercise; all 
of which may elevate the VWF level. Advancing age also has a role in raising the VWF. 
Finally, VWF is an acute phase reactant, which can increase substantially in response to 
physiological stress. For individuals who are sick with other illnesses, or patients who are 
stressed or frightened by blood draws (children in particular), the stress of being tested 
may cause a mild type 1 VWD patient to test in the normal range.

Making a Diagnosis: Some investigators suggest that VWF levels must be less than 
30% in order to make a diagnosis of VWD. For levels between 30% and 50%, care 
must be taken in rendering a diagnosis, particularly if the bleeding symptoms are min-
imal. Conversely, if the patient has definite bleeding symptoms and levels are above 
50%, these results may have been confounded by some of the previously described 
factors which may raise VWF levels, and testing should be repeated.

Differential Diagnosis: Mucosal bleeding symptoms are most commonly asso-
ciated with VWD, but can also be a manifestation of inherited platelet dysfunction, 
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plasminogen activator deficiency 1 (PAI-1) or a vascular disorder such as Ehlers-
Danlos syndrome. If the bleeding manifestations are not lifelong, an acquired plate-
let dysfunction associated with many medications should be considered, as well as 
acquired VWD. Most acquired VWD is associated with a lower VWF ristocetin cofac-
tor compared to the VWF antigen. Most cases of acquired VWD usually presents in 
the elderly, and are characterized by accelerated clearance of the von Willebrand pro-
tein in the reticulo-endothelial system, occasionally antibody mediated but most often 
by increased clearance of the protein. The pathophysiology surrounding acquired 
VWD is varied, encompassing: autoimmune disorders (e.g. systemic lupus ery-
thematosis), certain monoclonal gammapathies (e.g. multiple myeloma) and certain 
malignancies, such as lymphoma. This condition is now best known as acquired von 
Willebrand syndrome (AVWS). Other underlying conditions associated with AVWS 
should be considered, especially in children. These include: Wilm’s tumor, congenital 
or acquired hypothyroidism (lower VWF levels as a result of decreased protein syn-
thesis), and certain cardiac conditions such as ventricular septal defect (VSD) and 
valvular defects such as aortic stenosis, pulmonary stenosis and mitral valve prolapse. 
Prosthetic heart valves can result in AVWS in some settings. Finally, hemangiomas 
may also cause AVWS.

Management:

Minor Bleeding: Most minor bleeding in VWD is considered mucosal in nature 
and does not need to be treated. however, persistent epistaxis or oral bleeding can be 
treated by antifibrinolytics and/or desmopressin (DDAVP).

Antifibrinolytics: The most useable antifibrinolytic (aminocaproic acid) may be 
given at 50–100 mg/kg per dose, every 6–12 hours (maximum 6 g per dose) for a dura-
tion of 3–7 days, depending upon the extent of the mucosal bleeding. Occasionally, one 
dose of an antifibrinolytic may be sufficient to stop epistaxis in a child. Additionally, 
tranexamic acid has been effective at 25 mg/kg per dose, to a maximum of 1.5 g per 
dose, given every 8 hours over 3–7 days (this is only available in the liquid form). The 
topical nasal saline gel can also be helpful in the prevention of epistaxis. Occasionally, 
other topical agents, such as gel foam, collagen and topical thrombin and fibrin glue, 
can also be helpful in epistaxis or oral bleeding. Topical vasoconstricting agents have 
been used in conjunction with cauterization for recalcitrant nosebleeds.

Desmopressin: Intravenous and/or nasal desmopressin (DDAVP) has been utilized 
as primary treatment for VWD types 1 and 2, although it is important to note that 
DDAVP is generally considered to be contraindicated for type 2B as it may exacerbate 
thrombocytopenia and potentially promote thrombosis. DDAVP works by inducing 
release of VWF from endothelial cells and by contact pathway activation. Additionally, 
it helps with GP IIbIIIa interaction and platelet micro-particle release. Intravenous 
DDAVP is given as 0.3 g/kg in 30 cc of normal saline over 15 minutes. The intra-
nasal form is administered as one spray (150 g) for a patient less than 50 kg and two 
sprays (300 g) for those over 50 kg. Both the intranasal and the intravenous forms 
of DDAVP may be given once a day for up to 2–3 days with careful monitoring of 
fluid intake. The most concerning and rare side-effects are hyponatremia and seizures. 
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More common side-effects include facial flushing and headache and, occasionally, 
alteration in blood pressure and abdominal cramps. If the medication is given too fre-
quently (for more than 3 consecutive days), tachyphylaxis may occur.

Major or Perioperative Bleeding: Often in type 1 VWD, DDAVP may be the only 
treatment needed in more severe bleeding or surgery. A therapeutic trial with DDAVP 
should be carried out and VWF levels and activity monitored to establish DDAVP 
responsiveness prior to surgery. however, in most cases of major bleeding or surgery, 
a VWF replacement therapy is utilized to maintain VWF:rCo and FVIII levels above 
the hemostatic level (see Chapter 144). In major surgery, the usual goal is to main-
tain the FVIII/VWF:rCo activity at greater than 50% for 1 week and then greater than 
30% for most of the second week to allow for complete healing.

Acquired von Willebrand Syndrome: Treatment is aimed at eliminating the under-
lying disorder along with addressing the underlying bleeding manifestations that 
accompany acquired von Willebrand syndrome (AVWS). Treatment with VWF/FVIII 
containing concentrates is the preferred method to alleviate bleeding, although rFVIIa 
has also been used effectively.

If the etiology of AVWS is antibody mediated, then blockade of the Fc receptors 
of the reticuloendothelial system is best achieved by intravenous immunoglobulin. 
Occasionally, plasma exchange or immunosuppressive agents such as corticosteroids 
or cyclophosphamide are utilized.
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Hemophilia A (also known as classical hemophilia) results from congenital defi-
ciency of Factor VIII (FVIII). It is an X-linked recessive disorder that results in 
decreased or absent circulating FVIII activity, leading to lifelong bleeding. Hemophilia 
A has an incidence of approximately 1 : 5000 male births.

Pathophysiology: FVIII is a plasma glycoprotein consisting of six domains A1–
A2–B–A3–C1–C2 (Figure 96.1). The encoding gene is found on the long arm of the 
X chromosome (Xq28). The mature protein is a heterodimer with a light chain con-
sisting of domains A3–C1–C2 and a heavy chain with the domains A1–A2–B. The 
majority of FVIII is thought to be synthesized in liver endothelial cells, but may also 
be produced in endothelial cells in general (e.g. elevated FVIII levels during liver fail-
ure). Upon release into the circulation it is non-covalently linked to von Willebrand 
Factor (VWF), which prevents enzymatic degradation of FVIII until needed during 
coagulation. During coagulation, tissue factor (TF) combines with FVIIa at the site 
of injury. This complex activates FX and FIX, leading to conversion of prothrombin 
to thrombin. The initial thrombin cleavage of the FVIII light chain causes FVIII to 
be released into the circulation and then activated to FVIIIa by further thrombin-
mediated proteolysis. FVIIIa, along with FIXa, then act as cofactors on a phospholi-
pid surface during activation of Factors X, V and, ultimately, thrombin (see Chapter 
78). Patients with hemophilia A are unable to generate adequate thrombin due to the 
lack of FVIII, and become dependent upon the TF pathway. Circulating tissue factor 
pathway inhibitor (TFPI) efficiently downregulates the TF–FVIIa pathway as well as 
FXa, and as a result patients with hemophilia bleed. Thrombin-activatable fibrinolysis 
inhibitor (TAFI) production is also decreased in hemophilia, leading to more rapid 
dissolution of the fibrin clot. A large number of molecular defects have been described 
in the pathology of hemophilia A, including gross gene deletions and rearrangements 
of the DNA sequence, single gene rearrangements, deletions and insertions. A list of 
mutations leading to hemophilia A can be found at http://europium.csc.mrc.ac.uk.
C2C1A3apBA2A1

Figure 96.1 Domain structure of Factor VIII.
Clinical manifestations: The hallmark of hemophilia-related bleeding is delayed 
bleeding along with joint and muscle bleeding. In comparison, patients with VWD 
more commonly manifest immediate and mucocutaneous bleeding. As hemophilia A 
is X-linked, the vast majority of affected patients are male. Females can be affected in 
cases of extreme X chromosome lionization, or gene abnormalities such as Turner’s 
527
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syndrome. There is a high rate of spontaneous mutations within the FVIII gene, and 
as a result approximately 30% of newly diagnosed patients will have a negative family 
history.

In general, the severity of bleeding depends upon the percentage of circulating 
clotting factor activity. Patients with levels of 5–40% are classified as having mild 
hemophilia, patients with levels of 1–5% as moderate and those with less than 1% 
activity as having severe disease. Commonly, patients with severe disease will suffer 
from spontaneous bleeding while those with mild to moderate disease more typically 
bleed with trauma or surgery. In the newborn period, the most common findings are 
bleeding from blood draws, heel sticks, immunizations and circumcision. Infants born 
of known carrier mothers should not be circumcised until testing for FVIII rules out 
hemophilia. Older children and adults may experience excessive bruising, hematomas, 
intracranial bleeding, joint bleeding, muscle bleeding and mouth bleeding. The single 
largest preventable cause of morbidity is degenerative joint disease due to recurrent 
hemarthrosis. Carrier females may experience bleeding symptoms such as menor-
rhagia, oral bleeding, surgical and trauma-related bleeding.

Diagnosis: An X-linked inheritance pattern, elevated PTT and decreased plasma 
FVIII assay confirm the diagnosis.

Differential Diagnosis: Hemophilia A and B are clinically indistinguishable, and 
individual factor levels must be used to clarify the diagnosis. Patients with mildly low 
FVIII levels and an autosomal inheritance pattern may have type 1 von Willebrand dis-
ease (VWD). They will exhibit a commensurately decreased VWF antigen and ristocetin 
cofactor. Patients with type 3 VWD will have moderately low FVIIII, absent multimers, 
along with essentially absent VWF antigen and ristocetin cofactor activity. VWD type 
2 N should also be considered in the setting of mildly low FVIII levels, inheritance in an 
autosomal recessive fashion, and poor response to recombinant FVIII therapy. In VWD 
type 2 N, the pathophysiology involves decreased FVIII binding to VWF. This leads to 
rapid proteolysis of FVIII despite adequate production. This type of VWD can be eval-
uated via a VWF to FVIII binding assay. Acquired low FVIII levels can also result from 
autoantibody formation.

management:

Factor concentrates: The mainstay of hemophilia care is FVIII replacement with 
intravenously delivered FVIII concentrates. Concentrates are either plasma derived, 
containing varying amounts of VWF, or recombinant products (see Chapter 145), and 
both currently undergo multiple viral and pathogen attenuation steps. No infectious 
complications have been reported since these steps were incorporated into the man-
ufacturing process (mid-1980s for human immunodeficiency virus [HIV] and late 
1980s for hepatitis B virus [HBV] and hepatitis C virus [HCV]); however, the possibil-
ity of contamination with new infectious agents such as prions cannot be excluded 
with plasma-derived products.

Infusions can be delivered in response to bleeding episodes (“demand therapy”) or to 
prevent bleeding (“prophylaxis”). To prevent or minimize long-term sequelae, demand 
therapy should be given as soon as possible after a bleeding episode is recognized.  
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Because the need for urgent treatment is so important, many patients affected by hemo-
philia are educated in home infusion techniques. During a bleeding episode, factor 
replacement therapy should never be delayed to perform imaging or laboratory studies.

The dose and frequency of factor delivery is calculated based upon the half-life 
of the product (typically 12 hours), the intravascular volume of distribution (1 unit 
of FVIII per kilogram raises the plasma concentration by about 2%) and the desired 
clotting factor activity. For example, to raise the factor level of a 20-kilogram child 
with severe hemophilia to 100%, the dose should be 20 kg    50 IU    1000 IU. 
Correction to FVIII levels of 40% activity is considered hemostatic in most cases; 
however, in the setting of surgery or life-/limb-threatening hemorrhage, higher FVIII 
levels (80–100%) are recommended. Post-surgical hemostasis should maintain FVIII 
levels above 50–70% for the first week, and above 30% for the second week. Ancillary 
measures such as compressive dressings, cauterization, packing and splinting should 
also be implemented when appropriate. Table 96.1 illustrates a suggested approach to 
factor replacement therapy for commonly encountered bleeding events.
Table 96.1 Suggested approach to Treatment of bleeding episodes

Bleed site Desired % 
activity

Length of therapy ancillary measures to 
consider

Central nervous 
system

100% 7–14 days, then strongly 
consider prophylactic 
therapy for a minimum 
of 6 months

Continuous infusion FVIII; 
antiepileptic prophylaxis; 
surgical intervention

Persistent oral/
mucosal

30–60% 3–7 days antifibrinolytic therapy; 
custom mouthpiece; topical 
thrombin powder

Retropharyngeal 80–100% 7–14 days Continuous infusion FVIII; 
antifibrinolytic therapy

Nose 30–60% 1–3 days Packing, cautery; saline 
nose spray/gel; nasal 
vasoconstrictor spray; 
antifibrinolytic therapy

Gastrointestinal 40–80% 3–7 days antifibrinolytic therapy; 
endoscopy with cautery

Persistent gross 
urinary

40–60% 1–3 days Vigorous hydration; 
evaluation for stones/UTI; 
avoid antifibrinolytic 
therapy; glucocorticoids

Muscle 40–80% every other day until 
pain-free movement

Rest, ice, compression, 
elevation; physical therapy

Iliopsoas 80–100% Until radiographic 
evidence of resolution

Continuous infusion FVIII; 
bedrest; physical therapy

Joint 40–80% 1–2 days Rest, ice, compression, 
elevation; physical therapy

Target joint 80% day 1, 
40% days 2 & 4

3–4 days Rest, ice, compression, 
elevation; physical therapy
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Prophylaxis: In developed countries, prophylactic therapy delivered one to four 
times per week is considered the standard of care, and is the only therapy proven to 
prevent the long-term complication of degenerative joint disease. It is common prac-
tice to begin prophylaxis prior to the onset of recurrent joint bleeding.

Desmopressin: Desmopressin, or DDAVP (1-deamino-8-D-arginine vasopressin), 
is a synthetic form of the hormone vasopressin. The product may be given intra-
venously, subcutaneously or via nasal delivery. Details on dosing can be found in 
Chapter 95. DDAVP causes release of FVIII and VWF from storage sites. Patients with 
mild hemophilia A and some with moderate disease can be tested with DDAVP, and if 
they show a response by manifesting hemostatic levels or at least a three-fold response 
of FVIII, then DDAVP is often sufficient to treat mild bleeding symptoms such as 
nose, mouth and soft tissue bleeding. FVIII storage pools become depleted after mul-
tiple doses, so this treatment is not adequate for lengthy therapy, and fluid intake must 
be monitored closely as hyponatremia may result, particularly in children less than 2 
years of age and in the elderly. In most cases, life- or limb-threatening bleeding epi-
sodes require FVIII replacement. Antifibrinolytic therapies such as aminocaproic acid 
or tranexamic acid are utilized to prevent excessive fibrinolysis, and are particularly 
useful in diminishing bleeding symptoms in locations with prominent fibrinolytic 
activity, such as the mouth, gastrointestinal tract and uterus.

Complications:

infectious complications: In the late 1970s and early 1980s, prior to incorpora-
tion of viral attenuation steps (mid-1980s for HIV and late 1980s for HBV and HCV) 
in factor manufacturing, many patients became infected with HCV and/or HIV from 
contaminated concentrates. Although many patients succumbed to these infections, 
there is a large cohort of long-term survivors as a result of highly active anti-retroviral 
therapies for HIV and the combination of ribavirin and interferon for HCV.

inhibitors: A common complication of congenital hemophilia A is development 
of inhibitory antibodies to FVIII. These inhibitory antibodies occur in approximately 
30% of patients with severe hemophilia, and to a lesser extent in those with mild and 
moderate disease (2–3%). They are more likely to occur in the setting of a positive 
family history of inhibitors, in association with large gene deletions such as introns 1 
and 22 inversions, and in non-white patients. Non-genetic risk factors such as factor 
replacement during inflammatory states (known as the “danger theory”) and deliv-
ery via continuous infusion may play a role. There is no clear evidence as to whether 
the rate of antibody formation is influenced by the type of product utilized; however, 
it has been suggested that plasma-derived products that contain VWF may be less 
immunogenic.

Antibodies to FVIII in congenital hemophilia are most commonly directed against 
the A2 or C2 domains and often develop within the first 10–20 exposures to exog-
enous FVIII, but can develop at any age. They typically neutralize both endogenous 
and exogenous FVIII. The antibody titer is measured utilizing a Bethesda assay, and 
is expressed in units (BU). One Bethesda unit is that amount of antibody which low-
ers the plasma factor level by 50% (see Chapter 128). Autoantibodies can develop in 
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patients without hemophilia, leading to a condition known as acquired hemophilia 
(described in Chapter 111). Low-titer inhibitors ( 5 BU) are often transient but may 
be persistent and carry clinical significance, while high-titer inhibitors ( 5 BU) can 
significantly impact patient care and quality of life.

Immune tolerance therapy (ITT) with repeated exposure to FVIII concentrate over 
a period of months to years may eradicate the antibody. ITT has been accomplished 
utilizing both high-dose 100–200 IU/kg per day and low-dose 50 IU/kg thrice weekly 
of FVIII. Both recombinant and VWF containing plasma-derived products have been 
used successfully. Immunosuppressive agents such as cyclosporine and rituximab have 
been utilized as well, with some success. Bleeding in the setting of a high-titer inhibi-
tor often requires bypassing therapy with either high doses of recombinant FVIIa 
(Chapter 147) or an activated prothrombin complex concentrate (Chapter 143).

Joint Disease: Degenerative joint disease due to recurrent hemarthrosis is the sin-
gle largest preventable cause of morbidity for patients with hemophilia A. The patho-
genesis of this arthropathy is multi-factorial, with iron being the most likely culprit 
triggering the degenerative changes. recurrent hemarthrosis causes a combination 
of anatomic/mechanical changes along with an inflammatory reaction resulting in a 
thickened hyperemic synovium. This inflamed synovium participates in a vicious cycle 
of further bleeding, and ultimately the destruction of articular cartilage. The impact of 
hemophilic arthropathy is wide-ranging. Unfortunately the physical findings are often 
subtle in the early stages of joint disease, and investigation with MrI may be required 
to demonstrate hemosiderin deposition and or hypertrophic synovium. Initial treat-
ment is to reduce or prevent further bleeding with clotting factor. Arthroscopic and 
radionuclide synovectomy have been employed to address recurrent bleeding in these 
target joints, but it remains to be seen whether they can halt articular destruction.
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C H A P T e r  97
Hemophilia B, also known as Christmas disease, results from a congenital defi-
ciency or absence of Factor IX (FIX), leading to lifelong bleeding risk. It is an  
X-linked recessive disorder with an incidence of approximately 1 : 25,000 male births 
and accounts for 20% of hemophilia cases.

Pathophysiology: Factor IX is vitamin K dependent protein, and has a molecular 
weight of 57,000 Daltons. The gene is 33 kb long on the end of the X chromosome 
(Xq27). FIX is a serine protease believed to be synthesized in the liver and released 
into the circulation in its inactive form. During coagulation, tissue factor (TF) along 
with Factor VII activates FIX. Factor IXa in turn activates FVIII. FVIIIa along with 
FIXa and calcium then act as cofactors on a phospholipid surface (typically a plate-
let) during activation of Factors X and V and, ultimately, thrombin (see Chapter 78). 
Patients with hemophilia B are unable to generate adequate thrombin due to the lack 
of FIX and become dependent upon the TF pathway. Tissue factor pathway inhibitor 
(TFPI) downregulates the TF pathway and, as a result, patients with hemophilia bleed.

A number of mutations have been described in the FIX gene, including small and 
large deletions and additions, rearrangements and missense mutations. A list of muta-
tions can be found at http://www.kcl.ac.uk/ip/petergreen/haemBdatabase.html. There 
is a unique type of hemophilia B, known as the Leyden variant, where point mutations 
in the promoter region disrupt transcription factor binding sites. During puberty, 
androgen affects on this promoter region lead to rising FIX levels.

Clinical Manifestations: The hallmark of hemophilia-related bleeding symptoms 
is delayed bleeding along with joint and muscle bleeding. In comparison, patients 
with von Willebrand disease more commonly manifest immediate and mucocutane-
ous bleeding. As hemophilia B is X-linked, the vast majority of affected patients are 
male. Females can be affected in cases of extreme X-chromosome lyonization or gene 
abnormalities such as Turner’s syndrome.

In general, the severity of bleeding depends upon the percentage of circulating clot-
ting factor activity. Levels of 5–40% fall into the mild range, while those of 1–5 % 
are moderate and 1% is severe disease. The lower the factor level, the more likely 
the patient is to bleed from even minor trauma. Infants typically suffer from induced 
bleeding, such as delivery-related intracranial hemorrhage, and bleeding from blood 
draws, heel sticks, immunizations and circumcision. Traumatic delivery and use of 
forceps and vacuum assist should be avoided. Additionally, infants born of known 
carrier mothers should not be circumcised until testing has ruled out hemophilia. 
Older children and adults may experience excessive bruising, hematomas, intracranial 
bleeding, joint bleeding, muscle bleeding and mouth bleeding. Carrier females can 
also experience bleeding symptoms such as menorrhagia, mouth bleeding, and surgi-
cal and trauma-related bleeding.
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Diagnosis: An elevated PTT and decreased plasma FIX assay confirm the diagnosis.

Differential Diagnosis: Hemophilia A and B often are clinically indistinguish-
able, and individual factor levels must be measured to clarify the diagnosis. Low FIX 
levels can be seen in advanced vitamin K deficiency; however, the other vitamin K 
dependent proteins (FII, FVII, FX) will be affected as well, and the PT will be elevated. 
Acquired low FIX levels are rarely a result of autoantibody formation.

Management: The mainstay of hemophilia B care is FIX replacement with intra-
venously delivered FIX concentrates. Both plasma-derived and recombinant con-
centrates are available (see Chapter 146). Due to a history of viral contamination of 
plasma-derived products, both types of product undergo several viral and pathogen 
attenuation steps. Since these important steps have been incorporated into the manu-
facturing process, no infectious complications have been reported. However, the pos-
sibility of contamination with new infectious agents such as prions cannot be excluded 
with plasma-derived products.

An infusion delivered in response to bleeding is known as demand therapy. Infusions 
given to prevent bleeding and its long-term consequences are known as prophylaxis. 
To minimize long-term sequelae, demand therapy should be given as soon as possible 
after a bleeding episode is recognized, and many patients affected by hemophilia are 
educated in home infusion techniques. During a bleeding episode, factor replacement 
should never be delayed to perform imaging or laboratory studies.

The dose and frequency of factor delivery is calculated based upon the half-life of 
the product (typically 24 hours), the intravascular volume of distribution (1 unit of 
plasma derived FIX per kilogram raises the plasma concentration by about 1%) and 
the desired clotting factor activity. For example, to raise the factor level of a 20-kilo-
gram child with severe hemophilia to 100%, the dose should be 20 kg    100 IU   
 2000 IU. recombinant FIX has an increased intravascular volume of distribution in 
children, and is conventionally dosed at 1.2–1.4 units per kilogram to achieve a 1% 
rise in activity. Activity of 30–50% is considered hemostatic in most cases; however, 
in the setting of surgery or life-/limb-threatening hemorrhage, higher levels are rec-
ommended. Ancillary measures such as rest, ice, compression and elevation should 
also be implemented when appropriate. Antifibrinolytic therapy is particularly useful 
in diminishing bleeding symptoms in locations with prominent fibrinolytic activity, 
such as the mouth, gastrointestinal tract and uterus. Table 97.1 illustrates a suggested 
approach to factor replacement therapy of commonly encountered bleeding events. 
In developed countries, prophylactic therapy delivered one to three times per week is 
considered standard of care. It is common practice to begin prophylaxis around the 
age of 2 years, or prior to the onset of recurrent joint bleeding.

Complications:

Anaphylactoid Reactions and Inhibitors: Hemophilia B is rarely complicated by 
the development of inhibitory antibodies. While these antibodies occur in only approxi-
mately 3% of patients with severe hemophilia B, anaphylactoid reactions to exogenous 
FIX which can be life-threatening have been reported prior to recognition of a positive 
antibody titer. This is most common in patients with complete gene mutations or major 
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Table 97.1 Suggested approach to Treatment of bleeding episodes

Bleed site Desired % 
activity

Length of therapy Ancillary measures to 
consider

Central nervous 
system

100% 7–14 days then strongly 
consider prophylactic therapy 
for a minimum of 6 months

Continuous infusion FIX; 
anti-epileptic prophylaxis; 
surgical intervention

Persistent oral/
mucosal

30–60% 3–7 days antifibrinolytic therapy; 
custom mouthpiece; topical 
thrombin powder

80–100% 7–14 days Continuous infusion FIX; 
antifibrinolytic therapy

Nose 30–60% 1–3 days Packing, cautery; saline 
spray/gel; vasoconstrictor 
spray; antifibrinolytic 
therapy

Gastrointestinal 40–80% 3–7 days antifibrinolytic therapy; 
endoscopy with cautery

Persistent gross 
urinary

40–60% 1–3 days Vigorous hydration; 
evaluation for stones/UTI; 
avoid antifibrinolytic 
therapy; glucocorticoids

Muscle 40–80% every third day until pain-
free movement

Rest, ice, compression, 
elevation; physical therapy

Iliopsoas 80–100% Until radiographic evidence 
of resolution

Continuous infusion FIX; 
bedrest; physical therapy

Joint 40–80% 1–2 days Rest, ice, compression, 
elevation; physical therapy

Target joint 80% day 1, 
40% day 3

3–4 days Rest, ice, compression, 
elevation; physical therapy
derangements. It is thought that the relatively small FIX molecule can diffuse into the 
extravascular space, causing this reaction. Most patients with an anaphylactoid reaction 
will subsequently develop an inhibitory antibody, most of which are high-titer in nature. 
The rate of inhibitor development appears to be similar between plasma-derived and 
recombinant products. The antibody titer is measured utilizing a Bethesda assay, and is 
expressed in units (BU). One Bethesda unit is the amount of antibody which lowers the 
plasma factor level by 50%. Successful desensitization to FIX has been achieved in some 
patients, and immune tolerance therapy (ITT) with repeated exposure to FIX concen-
trate may eradicate the antibody.

Nephrotic Syndrome: Nephrotic syndrome is a reported complication of ITT with 
FIX products, and commonly does not occur until several months into therapy. This is 
due to FIX immune complex deposition in the kidney. Immunosuppressive agents such 
as cyclosporine and rituximab have been utilized with some success. Bleeding in the set-
ting of a high-titer inhibitor often requires bypassing therapy with recombinant FVIIa.
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Joint Disease: Degenerative joint disease due to recurrent hemarthrosis is a com-
mon complication for patients with hemophilia B. While the exact mechanism of 
blood-induced damage is unknown, iron released from lysed red blood cells likely 
instigates an inflammatory reaction. This inflammation results in a vascular, hyper-
trophic synovium. recurrent hemarthrosis leads to hemosiderin deposition, as well 
as degenerative changes in the articular cartilage and bone. Unfortunately the physi-
cal findings are often subtle in the early stages of joint disease, and investigation with 
MrI may be required to demonstrate hemosiderin deposition and/or hypertrophic 
synovium. Different techniques, such as arthroscopic and radionuclide synovectomy, 
have shown promise in reducing bleeding frequency and pain; however, it is unclear 
whether they can slow progression of bone or cartilage changes.
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Congenital disorders of fibrinogen
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C h A P T E R  98
Congenital afibrinogenemia, hypofibrinogenemia, dysfibrinogenemia and hypo-
dysfibrinogenemia are a spectrum of inherited fibrinogen disorders which are sec-
ondary to mutations in transcription, mRNA processing, translation, polypeptide 
processing and assembly, or secretion of fibrinogen. These mutations result in quan-
titative (type I) and/or qualitative (type II) fibrinogen defects: absent fibrinogen 
(afibrinogenemia), low levels of fibrinogen (150 mg/dl of fibrinogen; hypofibrino-
genemia), dysfunctional fibrinogen (dysfibrinogenemia) or low levels of dysfunctional 
fibrinogen (hypodysfibrinogenemia). These disorders can result in no clinical mani-
festations (60%), in hemorrhagic tendencies with varying severity (28%), in throm-
bosis (20%) or in hemorrhage and thrombotic complications (2%). In addition, these 
disorders can be associated with spontaneous abortions and impaired wound healing.

Pathophysiology: fibrinogen is a 340-kda glycoprotein which is primarily syn-
thesized in the liver and has a normal plasma concentration of 200–400 mg/dl. 
fibrinogen is also synthesized in megakaryocytes and stored in the -granules of 
platelets. It has a half-life of 4 days, and the minimal hemostatic amount is 50 mg/dl.  
The protein is made up of two copies each of three different chains, ,  and , which 
are linked by disulfide bridges. The chains are symmetrically distributed around 
the central E domain, which is made from the amino terminal end of all six chains. 
This central E domain also contains fibrinopeptide A (fPA) and fibrinopeptide B 
(fPB) on the amino terminal ends of the  and  chains respectively (figure 98.1).  
FPA

B� B�

A� A�
� �

FPB

Figure 98.1 fibrinogen is composed of three chains, the A, B and  chains, arranged as a 
heterodimer, A2B22. The conversion of fibrinogen to fibrin, 222, requires the cleavage of peptide 
bonds to release fibrinopeptide A and fibrinopeptide B. from hoffman R, Benz EJ, Shattil SJ et al. (eds) 
(2005). Hematology: Basic Principles and Practice, 4th edition. Philadelphia, PA: Elsevier.
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Carbohydrates are found on the  and  chains; however, there is heterogeneity in the 
carbohydrate composition.

role in coagulation: When initiated by a hemostatic challenge, the coagulation 
cascade produces thrombin, which cleaves fibrinogen to fibrin, allowing polymeriza-
tion and formation of a fibrin clot. This clot is further stabilized by factor XIIIa and 
the resultant cross-linking of fibrin. Thrombin cleavage of fibrinogen releases fPA  
and fPB from the central E domain. Cleavage of fPA is faster than cleavage of fPB, and 
fPA cleavage is the only step necessary to initiate polymerization of fibrin monomers.  
The release of fPA exposes a site in the central E domain that then binds to a site on 
the carboxy terminal end of the  chain in the d domain. Cleavage of fPB then allows 
for a more compact structure in the fibrin polymers. fibrinogen release from platelet 
-granules serves as a bridge between glycoprotein IIb/IIIa receptors on the platelet 
surface during platelet aggregation. fibrinogen also interacts with plasminogen, tissue 
plasminogen activator and 2-antiplasmin to help regulate the balance between fibrin 
deposition and fibrinolysis.

genetics: A separate gene is responsible for the synthesis of each of the fibrinogen 
chains, which are clustered together on chromosome 4q and appear to be regulated 
as a group. Mutations have been found in the genes for each of the fibrinogen chains; 
the  gene contains the majority of the associated mutation. A list of mutations 
can be found in the fibrinogen database (www.geht.org/databaseang/fibrinogen).  
Mutations in the fibrinogen genes may be inherited in an autosomal recessive or 
dominant fashion. homozygotes or compound heterozygotes for severe mutations 
display afibrinogenemia, in which no fibrinogen is produced. Patients with hypofi-
brinogenemia have a decreased amount of a normal fibrinogen protein, which usu-
ally occurs in people who are heterozygous for a single normal fibrinogen allele and 
a mutated allele. dysfibrinogenemia or hypodysfibrinogenemia typically results from 
mutations inherited in an autosomal dominant fashion, or as compound heterozy-
gotes; these mutations alter the structure of the fibrinogen protein, leading dysfunc-
tional properties.

Clinical manifestations: Bleeding symptoms in patients with afibrinogenemia 
may be similar to those seen in patients with moderate to severe hemophilia. Umbilical 
cord bleeding and mucosal bleeding are the most commonly reported symptoms, 
but joint and muscle bleeding, intracranial hemorrhage and bleeding with surgery or 
trauma occur as well. Patients with hypofibrinogenemia typically have a less severe 
bleeding phenotype, with the most common symptoms including bleeding after sur-
gery, menorrhagia, and mucocutaneous bleeding. Women with afibrinogenemia and 
hypofibrinogenemia have an increased risk of miscarriage. Splenic rupture has been 
reported in patients with afibrinogenemia.

Patients with hypodysfibrinogenemia and dysfibrinogenemia have a diverse clinical 
phenotype, although there is some correlation between molecular defect and clinical 
phenotype. Clinical phenotypes include asymptomatic patients diagnosed because of 
family history or laboratory abnormalities, patients with bleeding symptoms, patients 
with thrombosis, and patients with both bleeding symptoms and thrombosis. Patients 
may have bleeding postsurgery or trauma. They also may have umbilical cord bleeding 
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and intracranial hemorrhage, with these more severe symptoms being associated with 
lower functional fibrinogen levels. delayed wound healing has also been reported.

Diagnosis: Patients with afibrinogenemia have an abnormal prothrombin time 
(PT), activated partial thromboplastin time (PTT), and increased bleeding time. The 
thrombin time, which measures thrombin-induced conversion of fibrinogen to fibrin, 
is also prolonged. The thrombin time can also be prolonged by heparin and in the 
presence of some fibrin degradation products. The PT and PTT are typically normal 
until fibrinogen levels are less than 100 mg/dl. Thus, patients with hypofibrinogene-
mia may or may not have an abnormal PT and PTT. They will have mildly prolonged 
thrombin times and low levels of fibrinogen detected by a thrombin clotting method 
or by immunoassays. Immunoassays utilizing antifibrinogen antibodies quantify 
fibrinogen antigen levels, and a discrepancy between an activity and antigen level sug-
gests a dysfibrinogenemia. fibrinogen is an acute phase reactant, and significant ele-
vations may occur during periods of stress. Age, gender, race, smoking, obesity and 
pregnancy are also known to alter fibrinogen levels (see Chapter 129).

Differential Diagnosis: Congenital abnormalities in fibrinogen must be separated 
from the more common acquired disorders. Acquired causes of hypofibrinogenemia 
are liver disease, ascites, disseminated intravascular coagulation, and L-asparaginase 
therapy. Abnormalities of thrombin clot formation, such as occurs with elevated 
paraproteins, heparin and fibrin/fibrinogen degradation products, may elevate the 
thrombin time, PT and PTT, and interfere with the diagnosis of hypofibrinogenemia.

management: Patients with afibrinogenemia may require fibrinogen replacement 
for acute bleeding or for prophylaxis; therapy is less often needed in patients with 
hypofibrinogenemia or dysfibrinogenemia. No fibrinogen concentrates are currently 
available in the US, although they are available outside of the US. Cryoprecipitate, 
which contains more fibrinogen (250 mg of fibrinogen per cyroprecipitate unit) is 
most often utilized for treatment and for prophylaxis. The usual dose is 1 unit per 5 kg 
followed by 1 unit per 15 kg as needed to keep the fibrinogen level above 75 mg/dl. 
Rarely, fatal thrombosis has been associated with replacement therapy. Treatment 
with an antifibrinolytic agent such as tranexamic acid or aminocaproic acid is help-
ful for mucosal bleeding. Antibody development to fibrinogen replacement therapy is 
rare, but anaphylaxis has been reported; therefore, this replacement therapy should be 
monitored closely.

recommended reading
Asselta R, duga S, Tenchini ML. (2006). The molecular basis of quantitative fibrino-

gen disorders. J Thromb Haemost 4, 2115–2129.
Bolton-Maggs Ph, Perry dJ, Chalmers EA et al. (2004). The rare coagulation  

disorders – review with guidelines for management from the United Kingdom 
haemophilia Centre doctors’ Organisation. Haemophilia 10, 593–628.

Peyvandi f, Kaufman RJ, Seligsohn U et al. (2006). Rare bleeding disorders. 
Haemophilia 12(Suppl. 3), 137–142.

Vu d, Neerman-Arbez M. (2007). Molecular mechanisms accounting for fibrinogen 
deficiency: from large deletions to intracellular retention of misfolded proteins.  
J Thromb Haemost 5(Suppl. 1), 125–131.



Factor XIII, 2-Antiplasmin and plasminogen 
Activator Inhibitor-1 deficiencies
Shannon L. Meeks, Md

C h A p T e r  99
Factor XIII (FXIII) deficiency is a rare (1:1,000,000 individuals) coagulation 
factor deficiency, which is autosomal recessive and results in moderate to severe 
delayed bleeding as a result of the inability to adequately cross-link fibrin strands.  
2-Antiplasmin (2-Ap) deficiency results in excess fibrinolysis due to the inability to 
inhibit plasmin. plasminogen activator inhibitor-1 (pAI-1) deficiency results in excess 
fibrinolysis due to the inability to inhibit plasminogen conversion to plasmin. 2-Ap 
and pAI-1 deficiencies are very rare causes of bleeding.

Pathophysiology: FXIII is a transglutaminase that circulates in plasma as a het-
erotetramer consisting of 2A subunits and 2B subunits. The 2A subunits of FXIII are 
synthesized in megakaryocytes, placenta, uterus and macrophages; the 2B subunits are 
synthesized in the liver and often circulate in the plasma in excess of the A subunits. FXIII 
has a half-life of 9 days, and levels of 2–3% are thought to be adequate for hemostasis.
2-Ap is a glycoprotein that is a serine protease inhibitor (serpin). It is synthesized 

in the liver, and primarily circulates bound to plasminogen. 2-Ap circulates at a con-
centration of 0.7 M, and has a half-life of 2.6 days.

pAI-1 is also a serine protease inhibitor. Synthesized in the liver and endothelial 
cells, pAI-1 inhibits tissue plasminogen activator (TpA). pAI-1 is typically present in 
trace amounts in the plasma.

Role in coagulation: The regulation of hemostasis is the result of a delicate balance 
between procoagulant and anticoagulant mechanisms. Activation of the clotting cas-
cade results in the formation of thrombin, which then converts fibrinogen to fibrin and 
activates FXIII to FXIIIa. The A subunits of FXIII are the catalytic components, while 
the B subunits serve as carrier proteins. Upon thrombin cleavage, the active cysteine 
site on the A subunit is exposed and the B subunits are released. FXIIIa then catalyzes 
the cross-linking of the gamma and alpha fibrin chains by formation of a covalent 
bond between glutamine and lysine residues forming a stable clot. FXIIIa also cross-
links 2-Ap, fibrinogen, fibronectin and collagen to form a stable clot which is resistant 
to fibrinolysis. While coagulation is ongoing, the anticoagulant system is also in place 
to limit the clot extention. One part of this system is the fibrinolytic system, in which 
plasminogen is activated primarily by tissue plasminogen activator to plasmin, which 
in turn breaks down both fibrin and fibrinogen. The fibrinolytic system is regulated 
by 2-Ap, which inhibits plasmin. 2-Ap also binds to plasminogen and serves as a 
competitive inhibitor of plasminogen binding to fibrin. 2-Ap is cross-linked to the 
alpha chains of fibrin by FXIIIa, increasing fibrin resistance to plasmin. The fibrinolytic  
system is also regulated by pAI-1, which inhibits the activation of plasminogen by 
inhibiting TpA (Figure 99.1).
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FIGuRe 99.1 Schematic representation of the fibrinolytic system. 2-Ap, 2-antiplasmin; pAI-1 and 
pAI-2, plasminogen activator inhibitor-1 and -2; TpA, tissue-type plasminogen activator; UpA, urokinase-
type plasminogen activator.   inhibitors;   activators. From hoffman r, Benz eJ, Shattil SJ  
et al. (eds) (2005). Hematology: Basic Principles and Practice, 4th edition. philadelphia, pA: elsevier.
Genetics: FXIII deficiency is an autosomal recessive disorder with a prevalence of 
 approximately 1 in 2 million people. The gene for the A subunit is found on chromo-
some 6, while the gene for the B subunit is located on chromosome 1. Most patients 
have mutations in the A subunit, leading to detectable levels of the B subunit but mini-
mal to no detectable A subunit. These patients have minimal to no functional FXIII 
activity. Mutations in the B subunit are rare, and result in no detectable A or B subunits.
2-Ap and pAI-1 deficiencies are very rare autosomal recessive disorders. The 

2-Ap gene is located on chromosome 17p. There are only seven reported muta-
tions in the human Gene Mutation database at the Institute of Medical Genetics in 
Cardiff (www.hgmd.cf.ac.uk), with the majority being type I deficiencies in which the 
decrease in antigen level is proportional to the decrease in activity level. The pAI-1 
gene is located on chromosome 7, and is linked to the cystic fibrosis gene.

Clinical manifestations:

FXIII deficiency: patients with FXIII deficiency can manifest moderate to severe 
bleeding symptoms. Most present early in life with severe or life-threatening bleed-
ing. Umbilical cord bleeding is seen in 80% of untreated patients, and 30% of patients 
have intracranial hemorrhage which can be spontaneous or following minimal 
trauma. excessive bruising, muscle bleeding, joint bleeding, menorrhagia, and bleed-
ing following surgery or trauma can also occur. Bleeding symptoms are often delayed, 
as is wound healing. recurrent miscarriage is seen unless treatment is given during 
pregnancy.

2-AP deficiency: homozygous deficiency results in levels between 0.01 and 
0.15 U/ml. Bleeding symptoms in these patients range from moderate to severe, and 
include soft tissue hematomas, mucocutaneous bleeding, hemarthroses, and bleeding 
following surgery or trauma. Additionally, intramedullary hematoma formation in 

www.hgmd.cf.ac.uk
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long bones has been described in four patients. heterozygotes are typically asympto-
matic, but mild bleeding symptoms have been reported.

PAI-1 deficiency: Both homozygous and heterozygous deficient patients have been 
rarely reported. Bleeding symptoms in homozygous patients may be similar to those 
seen in 2-antiplasmin deficiency.

Diagnosis: The routine hemostasis screening labs are normal in FXIII, 2-Ap and 
pAI-1 deficiencies, including prothrombin time (pT), activated partial thromboplas-
tin time (pTT), bleeding time and thrombin time. As a qualitative screening test, clot 
solubility is increased in the presence of 5-M urea, 2% acetic acid or 1% monochlo-
roacetic acid in patients with severe FXIII deficiency. Confirmatory testing with FXIII 
activity levels can be performed at specialized labs. In 2-Ap or pAI-1 deficiency, 
patients may have a shortened euglobulin lysis time. Both functional and immuno-
logical assays can be used to detect 2-Ap or pAI-1 activity and antigen levels. 

differential diagnosis: Acquired deficiencies of FXIII can occur secondary to 
liver disease, leukemia, henoch-Schönlein purpura (hSp) and a variety of autoim-
mune disorders. Severe and life-threatening bleeding has been reported with FXIII 
deficiency due to an acquired FXIII inhibitor. Acquired deficiencies of 2-Ap may 
occur in liver disease, nephrotic syndrome, disseminated intravascular coagulation, 
cardiopulmonary bypass and metastatic cancer. Acquired deficiency of pAI-1 has also 
been rarely reported.

management: patients with FXIII deficiency can be treated with FXIII concentrates 
as well as plasma products and cryoprecipitate. A plasma-derived FXIII heterote-
tramer concentrate is approved outside of the US, and is available via Investigational 
New drug (INd) in the US. A recombinant FXIII product consisting of only the A 
subunit is in clinical trials. patients with mutations in the B subunit must be treated 
with a product containing both the A and the B subunits. Because the B subunit acts 
as a carrier protein for the active A subunit, infusion of the recombinant FXIII A 
subunit in the setting of B subunit deficiency leads to rapid clearance of the recom-
binant FXIII. Given the high risk of severe or life-threatening bleeding, the long 
half-life and the low levels of FXIII needed for hemostasis, patients with severe FXIII 
deficiency are ideal candidates for prophylaxis. prophylaxis against bleeding can be 
achieved in most patients by infusing 10–20 U/kg of FXIII concentrate or, if that is 
unavailable, 15–20 ml/kg of plasma product, or 1 unit per 10 kg of cryoprecipitate 
every 4–6 weeks. Acute bleeding episodes and surgical procedures may be treated with 
FXIII concentrate, plasma products or cryoprecipitate, with a goal of maintaining a 
FXIII level greater than 5% until healing is complete. If not already on prophylaxis, 
women wishing to become pregnant should begin a prophylactic regimen to maintain 
FXIII through levels above 3% to prevent pregnancy loss. FXIII inhibitors are rare in 
patients with congenital FXIII deficiency receiving replacement therapy.

Antifibrinolytic agents prevent the binding of plasminogen to fibrin, thereby 
inhibiting fibrinolysis and stabilizing the fibrin clot. These products include tran-
examic acid or e-aminocaproic acid, and may be given orally or intravenously to treat 
patients with FXIII, 2-Ap or pAI-1 deficiency who have bleeding symptoms. These 
agents have also been used for prophylaxis prior to invasive procedures, and in cases 
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of acquired deficiency. Additionally, successful use of plasma transfusion for pre- 
operative management of 2-Ap deficiency has been reported.
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C H A P T E R  100
Factor XI (FXI) deficiency, also known as hemophilia C, was first described in 
1953. The bleeding tendency varies from no to mild bleeding to more severe bleeding 
(but not to the degree of severity in patients with hemophilia A or B). FXI deficiency 
can result in homozygotes or compound heterozygotes (15% FXI levels), who usu-
ally have more severe bleeding tendency, or heterozygotes (25–70% FXI levels), who 
have little or no bleeding. The disorder is mostly found in the Ashkenazi Jewish popu-
lation, where the gene frequency is 4.3%, but can also be found in other ethnic groups.

Pathophysiology:

Biochemistry: FXI is a 160-kda glycoprotein which separates into two 80-kda sub-
units linked by disulfide bonds. It comprises heavy chains with four repeats that have 
binding sites for high molecular weight kininogen (HK), thrombin, platelets, FXI and 
FXII. It also comprises a light chain where the serine protease is located. Originally, 
FXI was thought predominantly to be activated by FXII or HK, due to the intrinsic 
pathway and the role of FXI and calcium activating FIX. As described in Chapter 78, 
the role of contact activation in the formation of FXIa is now thought to be a minor 
pathway compared to the role of thrombin activation of FXI. Thrombin’s role in acti-
vation of FXI is crucial to stable clot formation and protection against fibrinolysis by 
thrombin activatable fibrinolytic inhibitor (TAFI). decreased production of TAFI may 
play a role in the predominant mucosal bleeding manifestations which are common in 
FXI deficiency. FXI is synthesized in both the liver and megakaryocytes. It is converted 
to the active serine protease form, FXIa. This conversion is accelerated with calcium, 
platelets (source of phospholipids) and thrombin.

Genetics: The gene is located on chromosome 4q34-35, near the gene which also 
encodes for prekallikrein (PK). Most defects are quantitative, resulting from the inability 
to make adequate protein; it is unusual to find a qualitative defect due to a dysfunctional 
protein. Accordingly, in most cases, the amount of functional protein correlates with the 
protein antigen level. There are three main mutations: type I occurs in the last intron of 
the gene, which results in a disruption of the mRNA splicing or a premature translation 
termination; type II in exon 5, resulting in a premature stop codon; and type III in exon 
9, resulting in a nucleotide substitution (missense mutatation). Type I is rare amongst 
the Jewish population (accounts for only 1%). Type II is the earliest founder gene traced 
to early patriarchal times. Accordingly, it exists not only in the Jewish population, but 
also among other Middle Eastern peoples. Ashkenazi Jews comprise both types II and 
III, whereas those of Middle Eastern origin only manifest type II. Homozygous defects 
of type II have the lowest FXI levels (approximately 1%). Type III FXI deficiency dis-
plays the highest FXI levels, approximately 10% in the homozygous state. doubly heter-
ozygous mutations of type II/III comprise intermediate levels of FXI, in the 2–5% range. 
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Persons of Arab and Iraqi Jewish decent are usually type II. The condition is also seen 
amongst whites, Asians and Indians, and these FXI defects can arise from other exon 
mutations within the gene. A new defect in exon 3 has recently been described amongst 
whites.

Clinical manifestations: The bleeding manifestations can be quite variable, and 
assessment must be individualized. It can be helpful to note carefully the bleeding his-
tory in the family, as the bleeding manifestations are often similar within families.

Homozygous or compound Heterozygous FXI deficiency: The bleeding 
manifestations for those who are homozygous (15% FXI level) are usually not as 
severe as in hemophilia A or B or other severe bleeding disorders. Spontaneous bleed-
ing is rare, and usually bleeding occurs with trauma in areas where there is increased 
fibrinolysis, such as in the nose, mouth and genitourinary tract. The bleeding in these 
sites is thought to be related to decreased production of TAFI with the concomitant 
increase in fibrinolysis. Increased menstrual bleeding and bleeding post-partum is also 
encountered in 25% of homozygous FXI-deficient patients. Bleeding from orthopedic 
and abdominal surgery is less common than in hemophilia.

Heterozygous FXI deficiency: Similar to the homozygous state, bleeding asso-
ciated with heterozygous deficiency (25–70% FXI levels) also occurs in areas of 
increased fibrinolysis (nose, mouth, teeth-related and genitourinary tract), but is usu-
ally mild.

Diagnosis:

Laboratory diagnosis: There is wide variability in the laboratory detection of het-
erozygous FXI deficiency. Since these patients may have levels ranging from 25% to 
70%, the PTT may be normal and is not a reliable screening tool. Also, since FXI lev-
els can be “normal” (i.e. 50–150%) in the heterozygous patient, it is important to do 
genotyping in those of Jewish descent or known Middle Eastern ancestry who have a 
mucosal bleeding history. The FXI levels do not reliably predict who will bleed, or how 
severe the bleeding might be.

Inhibitory antibodies to FXI are encountered in approximately 5% of patients who 
are homozygous for the type II mutations. See Chapter 128 for diagnosis of factor 
inhibitors.

The sample should be freshly drawn and processed properly, as stored samples that 
are frozen with inadequate platelet removal, or samples exposed to glass, may alter FXI 
levels.

differential diagnosis: Since the bleeding manifestations may vary in FXI defi-
ciency, other conditions must be considered, including: platelet function defects, 
VWd, and combined deficiencies of other factors such as FVII and FIX. Occasionally, 
a combined defect FXI/FVIII deficiency is encountered. Also, acquired platelet dys-
function from drugs must be considered. Other conditions such as Noonan’s syn-
drome and Gaucher’s disease (more prevalent in Ashkenazi Jews) and their association  
with FXI deficiency should also be considered.
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management: Nose and mouth-related bleeding can mostly be managed with anti-
fibrinolytic agents such as aminocaproic acid or tranexemic acid. Invasive surgery 
such as tonsillectomy or intra-abdominal surgery is often managed with both a FXI 
containing product and antifibrinolytic therapy. Pure FXI products are not available 
in the US (although they are available in some countries outside the US), and there-
fore plasma products (i.e. fresh frozen plasma or plasma frozen within 24 hours of 
phlebotomy) are used. The goal in surgery is to keep the FXI level above 50% for the 
first week, and above 30% for the second week. Less invasive surgery can be managed 
by maintaining lower FXI levels of 30% for a shorter period of time (5 days). FXI has 
a half-life of approximately 48 hours. Therefore, plasma products can usually be given 
every 12–24 hours to keep through levels above 50%. Fibrin glue can be used to help 
with hemostasis. ddAVP has also been utilized for mucosal bleeding or minor surgery. 
If inhibitors to FXI develop, recombinant FVIIa has been utilized effectively to achieve  
hemostasis.
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C h a p t e r 101
Factor VII (FVII) is a 50-kiloDalton, vitamin K dependent serine protease which 
is produced in the liver and circulates in the blood at a concentration of 0.5 g/ml. 
the half-life of FVII is 3–4 hours. FVII deficiency is quite rare, with a prevalence of 
approximately 1:500,000. homozygotes and compound heterozygotes often have FVII 
levels 0.01–0.03 U/ml and may have a severe bleeding phenotype, while heteozygotes 
with levels approaching 0.5 U/ml are typically asymptomatic. however, for the indi-
vidual patient, FVII levels do not predict bleeding severity. In the majority of patients 
FVII deficiency is associated with a mild bleeding phenotype characterized prima-
rily by increased bruising, epistaxis, menorrhagia, gum bleeding, and bleeding with 
trauma or surgery. More severe phenotypes are at risk for bleeding similar to classical 
hemophilia, including hemarthrosis and intracranial hemorrhage.

Pathophysiology: Upon vessel injury, tissue factor (tF) is exposed and binds both 
FVII and activated FVII (FVIIa). the tF–FVII/FVIIa complex activates Factor X to 
initiate coagulation along with Factor IX. FVII is proteolytically cleaved to FVIIa by 
several enzymes, including thrombin, Factor Xa, Factor IXa and the tF/FVIIa complex. 
FVIIa is 40- to 120-fold more active than FVII. tissue factor pathway inhibitor, a lipo-
protein, is the primary inhibitor of FVIIa.

the FVII gene is located on chromosome 13 (13q34), and is inherited in an auto-
somal recessive fashion. More than 130 mutations can be found in the Medical research 
Council’s FVII Mutation Database (http://europium.csc.mrc.ac.uk). the majority of 
these are missense mutations.

Diagnosis: Isolated prolongation of the protime (pt) is found in the initial labora-
tory work-up in the patient with FVII deficiency. In heterozygotes the pt is 1–3 sec-
onds prolonged, while the pt can be greater than 20 seconds prolonged in a patient 
with severe disease. the diagnosis is then confirmed with a FVII activity level. It is 
important to remember that different sources of thromboplastin in this assay can lead 
to varying results. Samples should not be stored on ice, as this may induce cold acti-
vation of coagulation factors and underestimate the amount of FVII in the plasma 
sample. Similarly, the presence of recombinant FVIIa in the plasma leads to an over-
estimation of the FVII level. FVII antigen levels can be used to identify patients with 
dysfunctional proteins. Isolated FVII deficiency is differentiated from a combined 
deficiency of the vitamin K dependent proteins by normal levels of other vitamin K 
dependent proteins (Factors II, IX, and X).

Differential Diagnosis: an inherited FVII deficiency must be differentiated from 
the more common acquired deficiency of FVII. acquired FVII deficiency may be seen 
in vitamin K deficiency, liver disease and disseminated intravascular coagulation. FVII 
549

http://europium.csc.mrc.ac.uk


550� Shannon�L.�Meeks,�MD
has the shortest half-life among the coagulation factors, and thus FVII deficiency occurs 
earlier in the course of a disease process than other acquired factor deficiencies.

Management: First-line treatment for bleeding in FVII deficiency is recombinant 
FVIIa, typically at a dose of 20–30 g/kg. a single dose may be sufficient for mild 
to moderate bleeding or for a minor surgical procedure. Most surgical procedures 
and severe bleeding episodes require dosing at 20–30 g/kg every 4–6 hours until 
hemostasis is obtained; the dose and frequency should be individualized. this dos-
ing and interval is quite different from the dosing of patients with hemophilia and 
inhibitors who are treated with much higher and more frequent doses. patients with 
FVII deficiency have an intact intrinsic coagulation pathway and are able to amplify 
the thrombin burst and generate significantly more thrombin and thus a more sta-
ble fibrin clot. the exact level of FVII needed to prevent bleeding is unknown, and 
clinical response should be carefully followed. If recombinant FVIIa is unavailable, 
fresh frozen plasma (FFp) and/or prothrombin complex concentrates (pCC) may be  
utilized. In addition, some countries outside of the US have Factor VII plasma-derived 
concentrates available. FFp contains approximately 1 U/ml FVII, and 15 ml/kg can 
achieve a plasma level of approximately 15%. antifibrinolytics such as tranexamic acid 
and aminocaproic acid may be beneficial for mucosal bleeding. prophylactic regimens 
with recombinant FVIIa or pCC have been used for patients with severe phenotypes. 
Development of inhibitors to infused FVII has been reported.
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C H A P T e r 102
Inherited deficiencies of Factors II, V and X (FII, FV, FX) are rare (estimated fre-
quencies are: FII, 1 in 2,000,000; FV, 1 in 1,000,000; and FX, 1 in 500,000). Patients 
who are homozygous or compound heterozygous for defects in the FII, FV or FX 
genes can have moderate to severe bleeding symptoms, with patients having FX defi-
ciency more likely to manifest severe symptoms. Given the small number of cases 
reported in the literature, the genotype/phenotype correlation is difficult to ascer-
tain; however, in general, the lower the levels of factor, the more severe the bleeding. A 
spectrum of bleeding symptoms have been reported, including easy bruising, mucosal 
bleeding, surgical bleeding and trauma-related bleeding, while hemarthroses and 
intracranial hemorrhage are less common. Heterozygotes are typically asymptomatic; 
however, easy bruising, mucous membrane bleeding and bleeding with surgery have 
been reported.

Pathophysiology: FII (also known as prothrombin) is a 72-kda, vitamin K 
dependent glycoprotein with a plasma concentration of approximately 100 g/ml 
and a half-life of 3 days. It is synthesized in the liver and is the inactive zymogen of 
thrombin, a serine protease. FV is a 330-kda non-enzymatic cofactor that is synthe-
sized in both hepatocytes and megakaryocytes, with 80% being secreted and 20% 
being stored in platelet -granules. The half-life of FV is 36 hours. FX is a vitamin K 
dependent glycoprotein that is synthesized in the liver as an inactive zymogen and cir-
culates at a concentration of 8–10 g/mL. The half-life of FX is 40 hours.

Role in coagulation: In the coagulation cascade FX can be activated by FVIIa 
from the tissue factor (extrinsic) pathway or FIXa from the contact factor (intrinsic) 
pathway. FXa, in the presence of calcium and as part of the prothrombinase complex 
with FVa and phospholipid, sequentially cleaves two peptide bonds in prothrombin 
to form thrombin. Thrombin in turn proteolytically cleaves fibrinogen to fibrin, and 
contributes to forming a stable fibrin clot. Thrombin also acts on a variety of other 
substances in the hemostatic pathway. It promotes platelet activation, activates Factor 
XIII to crosslink the fibrin clot, enhances clot stability by activating thrombin-activat-
able fibrinolysis inhibitor (TAFI), and upregulates its own production by activating 
FIX, Factor VIII (FVIII) and FV. Thrombin’s procoagulant activity is downregulated 
by antithrombin, heparin cofactor II and protease nexin I. Thrombin also binds 
to thrombomodulin and activates protein C, which in turn cleaves, and thus inacti-
vates, FVIIIa and FVa, the cofactors in the factor Xase and prothrombinase complexes, 
respectively.

Genetics: The prothrombin gene is on chromosome 11p11.2, and the deficiency is 
inherited in an autosomal recessive fashion. The hemostatic level of prothrombin is 
thought to be between 20 and 40%, and thus the majority of heterozygous individuals 
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do not manifest a bleeding diathesis. More than 40 mutations leading to prothrombin 
deficiency have been described. Combined deficiencies of the vitamin K dependent 
proteins (FII, FVII, FIX and FX) occur when there is an abnormality in the -glutamyl 
carboxylase gene or the vitamin K epoxide reductase complex.

The FV gene is on chromosome 1q24.2, with a 40% sequence homology with FVIII 
in their A and C domains, and the deficiency is inherited in an autosomal recessive 
fashion. The hemostatic level for FV is thought to be between 10% and 30%, and thus 
heterozygotes do not typically manifest bleeding diathesis. Over 50 mutations have 
been identified to date, and most of these have been unique to individual families.  
A combined deficiency of Factors V and VIII also occurs at a frequency of 1 in 1 mil-
lion. This combined deficiency is due to a mutation in the LMAN1 gene found on 
chromosome 18, which encodes a transmembrane protein that resides in the endo-
plasmic reticulum and Golgi and acts as a chaperone in the intracellular transport of 
both FV and FVIII. Mutations in the MCFD2 gene and protein which acts as a cofac-
tor for LMAN have also been described.

The FX gene is found on chromosome 13q34, and the deficiency is inherited in an 
autosomal recessive fashion. The hemostatic level for FX is thought to be 10–20%, and 
thus heterozygotes do not manifest bleeding manifestations. The majority of muta-
tions found to date have been single-point mutations. FX deficiency, like prothrombin 
deficiency, can be associated with a combined deficiency of the vitamin K dependent 
proteins.

Diagnosis: FII, FV and FX are essential parts of the common pathway of coagu-
lation, and deficiencies in any of these factors can lead to prolongation of the pro-
thrombin time (PT) and activated partial thromboplastin time (PTT). The finding of 
a prolonged PT and PTT which correct when mixed with normal plasma suggest a 
factor deficiency, and individual factor levels should be checked. However, the prolon-
gation of the PT and PTT may be minimal and reagent dependent; thus, if the clini-
cal index of suspicion for factor deficiency is high, individual factor levels should be 
measured. Most clinical labs use functional assays to test for factor levels. Antigen test-
ing can be performed using an immunoassay, and can be useful in separating type I 
and type II deficiency. Type I (quantitative) or hypoproteinemia occurs when there 
is a decreased level of normally functioning protein, characterized by a proportional 
decrease in protein antigen and activity. Type II (qualitative) or dysproteinemia occurs 
when there is a normal antigen level but a decreased level of activity.

Differential Diagnosis: Both FII and FX are vitamin K dependent proteins, and 
therefore their levels decrease in vitamin K deficiency and with warfarin therapy. FII, 
FV and/or FX deficiencies may be seen in liver disease. Acquired prothrombin defi-
ciency may occur in the presence of inhibitors similar to those seen with the lupus 
anticoagulant.

Management: Acute bleeding episodes for these factor deficiencies can be treated 
with fresh frozen plasma (FFP) at 15–20 ml/kg, which will usually raise the factor level 
by 25% and should be hemostatic in most cases. For surgical procedures or more 
severe bleeding episodes, a loading dose of 15–20 ml/kg of FFP followed by 3–6 ml/
kg every 12–24 hours is usually adequate for hemostasis. Bleeding symptoms as well 
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as factor levels may be followed. For FII or FX deficiency, another option is a pro-
thrombin complex concentrate (PCC) at a dose of 20–30 IU/kg based on FIX units. 
PCCs contain FII, FVII, FIX and FX, and vary in the amounts of each factor from 
product to product and lot to lot – for example, Bebulin VH is a PCC with more 
FX (FX  FII  FIX) and Profilnine Sd has more FII (FII  FIX  FX). However, 
these products are labeled based on FIX units, and the exact amount of FII or X in the 
products is unknown. Platelets can also be given for FV deficiency, potentially aiding 
in hemostasis by delivering FV to the site of bleeding. No pure FII, FV or FX con-
centrates are available in the US. Antifibrinolytic therapies such as -aminocaproic 
acid or tranexamic acid may be administered orally or intravenously to treat mucosal 
bleeding with or without factor replacement. Hormonal therapy with estrogens and/
or progesterones may help reduce menstrual blood loss in patients with menorrhagia. 
Prophylaxis with once-weekly home administration of PCCs for FII or FX deficiency 
or FFP for FII, FV or FX deficiency has been reported for patients with severe disease.

Recommended Reading
Acharya SS, Coughlin A, dimichele dM. (2004). rare Bleeding disorder registry: 

deficiencies of Factors II, V, VII, X, XIII, fibrinogen and dysfibrinogenemias.  
J Thromb Haemost 2, 248–256.

Asselta r, Tenchini ML, duga S. (2006). Inherited defects of coagulation Factor V: the 
hemorrhagic side. J Thromb Haemost 4, 26–34.

Bolton-Maggs PH, Perry dJ, Chalmers eA et al. (2004). The rare coagulation disorders –  
review with guidelines for management from the United Kingdom Haemophilia 
Centre doctors’ Organisation. Haemophilia 10, 593–628.

Herrmann FH, Auerswald G, ruiz-Saez A et al. (2006). Factor X deficiency: clinical 
manifestation of 102 subjects from europe and Latin America with mutations in 
the Factor 10 gene. Haemophilia 12, 479–489.

Peyvandi F, Kaufman rJ, Seligsohn U et al. (2006). rare bleeding disorders. 
Haemophilia 12(Suppl. 3), 137–142.

Zhang B, McGee B, Yamaoka JS et al. (2006). Combined deficiency of factor V and 
factor VIII is due to mutations in either LMAN1 or MCFd2. Blood 107, 1903–1907.



Bleeding disorders in pregnancy
Christine L. Kempton, Md

C H A p T e r 103
post-partum hemorrhage (ppH) is a leading cause of maternal death worldwide. 
Although the majority of ppH occurs as a result of anatomical defects resulting from 
obstetrical trauma, the risk is increased when a congenital or acquired hemostatic 
defect is present. This chapter will review some of the congenital and acquired hemo-
static disorders affecting pregnancy.

Congenital disorders:

von Willebrand Disease: during pregnancy von Willebrand factor (VWF) and 
Factor VIII (FVIII) levels increase, peaking between the twenty-ninth and thirty-fifth 
weeks of gestation; they return to baseline within 7 to 10 days following delivery.

In patients with type 1 von Willebrand disease (VWd), FVIII levels 50% are 
considered adequate for both neuroaxial anesthesia (NA) and delivery. Accordingly, in 
those with FVIII levels 50% treatment can be delayed until immediately after deliv-
ery, when levels will begin to return to baseline (Figure 103.1). In patients with third-
trimester FVIII levels 50%, treatment should be initiated prior to NA and delivery. 
In all patients, treatment should continue to maintain FVIII levels 50% for 3–4 days 
following vaginal delivery and 4–5 days following cesarean section, or until abnormal 
bleeding has ceased.

Prior to NA and/or
deliveryFVIII � 50%

Type 1

Type 2B, 2N or 3

Type 2A or 2M

*For use in patients known to respond to DDAVP
NA � neuroaxial anesthesia

FVIII � 50%

Prior to NA and/or
delivery

DDAVP* or VWF/FVIII

DDAVP* or VWF/FVIII

VWF/FVIII

Post-delivery only

DDAVP* or VWF/FVIII

Prior to NA and/or
delivery

Figure 103.1 Treatment of VWd during labor and delivery.
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In contrast to management of patients with type 1 VWd, FVIII levels alone can-
not be used to predict hemostasis and stratify management strategies in patients with 
types 2 and 3 VWd. Because of dysfunctional VWF in type 2 A, 2B and 2 M, the VWF 
activity is more significantly reduced than the VWF and FVIII levels. In patients with 
types 2 N and 3 VWd, VWF and FVIII levels are low and not expected to appreciably 
change during pregnancy. Accordingly, both VWF activity and FVIII levels need to be 
considered when making treatment decisions, and most pregnant women with types 2 
or 3 VWd will need treatment prior to NA and delivery.

Options for treatment include 1-deamino-8-arginine-vasopressin (ddAVp) or 
VWF-FVIII containing concentrates (see Chapter 144). ddAVp can be given intra-
nasally (1.5 mg/ml, total dose equals 300 g) or intravenously (0.3 g/kg). ddAVp 
increases FVIII and VWF in most patients with type 1 VWd. However, not all patients 
respond adequately, and therefore it is preferable to have confirmed a response to 
ddAVp in the non-pregnant state prior to its use at the time of a hemostatic challenge. 
Since hyponatremia is a potential side-effect, fluid intake should be reduced to 75% of 
normal and drinks with higher NaCl content should replace free water. ddAVp has 
been used safely throughout pregnancy in patients with diabetes insipidus, albeit at 
lower doses, and at the time of invasive perinatal testing in women with congenital 
bleeding disorders. There is concern regarding neonatal hyponatremia if the fetus is 
exposed to ddAVp during labor and delivery. However, if maternal fluids are managed 
properly after receiving ddAVp, the risk of neonatal hyponatremia is minimal, since 
neonates take little oral fluids and no free water during their first 24 hours. However, 
to be cautious, neonates born to mothers that have received ddAVp prior to delivery 
should have their sodium checked shortly after delivery and be managed accordingly. 
More conservative options include foregoing NA, or receiving a VWF-FVIII concen-
trate prior to NA.

Carriers of hemophilia A or B: In general, no therapy is needed for women with 
FVIII or Factor IX (FIX) levels 50%. For those with levels 50%, treatment is nec-
essary before NA and delivery. Treatment should maintain FVIII and FIX levels at 
50% for 3–4 days post-partum for vaginal delivery and 4–5 days post-partum for 
cesarean section. Treatment options in women with FVIII deficiency include ddAVp 
and FVIII products. Treatment of FIX carriers is with FIX products only.

Factor Xi Deficiency: In a cohort of pregnant women with severe Factor XI (FXI) 
deficiency only 30% experienced ppH, and ppH was more likely if there was a past 
history of surgical bleeding. Accordingly, the decision to utilize prophylaxis during 
labor and delivery should be based on a prior history of bleeding. As with major sur-
gery, the goal of therapy is to maintain a FXI level of 40% using plasma product 
transfusion (e.g. fresh frozen plasma or plasma frozen 24 hours after phlebotomy), 
approximately 15 ml/kg. Since the half-life of FXI is 50 hours, additional plasma 
products can be transfused every 48 hours to maintain FXI levels above 40% for 3–4 
days following a vaginal delivery or 4–5 days following a cesarean section. For women 
without a history of bleeding despite severely reduced FXI levels, plasma product 
transfusions can be withheld until there is evidence of clinical bleeding as it is unlikely 
to occur. However, prior to NA, prophylactic plasma product transfusion is recom-
mended in severe FXI deficiency (15%) even in the absence of a history of bleeding.
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Platelet Function Defects: Management of platelet function defects at the time of 
labor and delivery should be based on the prior history of bleeding, patient prefer-
ences regarding NA, and the response to ddAVp during other hemostatic challenges. 
decisions regarding management in pregnancy are similar to those during major sur-
gery (see Chapters 83–86). In general, options for treatment include ddAVp, platelet 
transfusions and recombinant Factor VIIa (rFVIIa). In many cases, ddAVp alone will 
be sufficient.

Other inherited Defects: deficiencies of fibrinogen and Factor XIII (FXIII) may 
result in recurrent pregnancy loss and peri-partum hemorrhage. Cryoprecipitate to 
achieve a fibrinogen concentration above 100 mg/dl is required in the setting of fibrin-
ogen abnormalities. Cryoprecipitate or plasma products can be used to treat FXIII 
deficiency. Additionally, a FXIII concentrate is currently available as part of a clini-
cal investigation (and in some countries outside of the US), and could potentially be 
obtained for compassionate use. regular infusions may be required to facilitate carry-
ing the pregnancy to term.

Factor VII (FVII) levels rise during normal pregnancy, and levels of 15–25% are 
considered adequate for hemostasis. rFVIIa, 20–30 g/kg, should be used for those 
women with FVII deficiency who have persistently low FVII levels after reaching the 
third trimester. A first dose can be given prior to NA and repeated every 2–6 hours, 
depending on the patient’s prior bleeding history and severity of ppH. For many 
patients, a single dose will suffice.

Prenatal Counseling and Delivery of Fetus with a Potential Bleeding  
Disorder: prenatal counseling should be considered for women with congenital 
bleeding disorders who are contemplating pregnancy. At the time of delivery, if pre-
natal testing has not excluded a bleeding disorder then the fetus should be handled 
as though one is present. Specifically, assisted deliveries using forceps and vacuum 
extraction should be avoided. Circumcision should be delayed until adequate work-
up can be performed, typically at 1 year of age.

Acquired disorders:

Acquired FViii inhibitors: FVIII inhibitors occur rarely in pregnancy. They 
occur most commonly within the first 3 months post-partum, and only approximately 
5% ante-partum. Bleeding is variable, ranging from asymptomatic to fatal (mortality 
5.6%). Although pregnancy-related FVIII inhibitors often disappear spontaneously, 
this resolution may take a year or longer. Corticosteroid therapy should be consid-
ered in all patients to facilitate inhibitor eradication. Cyclophosphamide and other 
therapies are reserved for those that fail to respond adequately to corticosteroids (see 
Chapter 111).

Thrombocytopenia: When evaluating gravid women with thrombocytopenia, the 
same general approach is utilized as in non-gravid patients (see Chapter 87). However, 
several additional disorders and treatment options should be considered.

Gestational thrombocytopenia: Gestational thrombocytopenia is the most com-
mon cause of thrombocytopenia in pregnancy. It is typically mild (platelet count  
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70,000/l), occurs late in pregnancy, resolves following delivery, does not affect the 
fetus and occurs in women without a history of thrombocytopenia (they may have a 
prior history of gestational thrombocytopenia). No treatment is needed.

Immune thrombocytopenia: Immune thrombocytopenia (ITp) can lead to more 
profound thrombocytopenia, and occurs earlier in pregnancy than is seen with ges-
tational thrombocytopenia. The platelet count may progressively decline during 
pregnancy, reaching a nadir in the third trimester. A platelet count 50,000/l is con-
sidered safe for delivery, but a platelet count 75,000/l is recommended for NA.

If treatment is required, options include intravenous immunoglobulin (IVIG) 
(0.4 g/kg per day for 5 days or 1 g/kg per day for 2 days) or corticosteroids. IVIG is 
generally preferred to steroid therapy. With longer corticosteroid exposure, the risks 
of hypertension, hyperglycemia and osteoporosis increase. prednisone, prednisolone 
or methylprednisolone are favored over dexamethasone because the former are well 
metabolized by the placenta, exposing the fetus to only 10% of the maternal dose. 
Splenectomy has been successfully performed during pregnancy, and can be consid-
ered in severe and refractory ITp. The second trimester is the optimal time to perform 
this intervention.

Maternal antibodies can affect the fetal platelet count, leading to thrombocytope-
nia in the newborn. Unfortunately, the maternal platelet count does not predict the 
infant’s platelet count. despite the potential for significant thrombocytopenia in up 
to 20% of infants, intracranial hemorrhage (ICH) occurs in 1.5% of infants born to 
mothers with ITp. The likelihood of ICH or other fetal complications is not influenced 
by the method of delivery; therefore, obstetric indications alone should determine the 
method of delivery.

The neonate’s platelet count should be measured immediately following delivery 
and serially in those that are thrombocytopenic, as the nadir may not occur until 2–5 
days following delivery. It is generally recommended that infants with a platelet count 
20,000/l or those with hemorrhage receive treatment (IVIG, corticosteroids and/or 
platelet transfusion).

Disseminated Intravascular coagulation: disseminated intravascular coagula-
tion (dIC) is associated with major obstetrical complications such as placental abrup-
tion, amniotic fluid emboli, retained fetus syndrome and eclampsia. The diagnosis 
and treatment of dIC in pregnancy is similar to that in the non-pregnant patient (see 
Chapter 110).

Hemolysis, elevated liver enzymes and low platelets: Hemolysis, elevated liver 
enzymes and low platelets (HeLLp) is a syndrome that is part of a spectrum associated 
with pre-eclampsia and eclampsia. Mild thrombocytopenia may precede other signs 
and symptoms, such as right upper quadrant pain and elevated liver transaminases. 
There are no standard laboratory values to use as diagnostic criteria. prompt delivery 
is the treatment of choice.

Acute Fatty liver of pregnancy: Acute fatty liver of pregnancy is a rare disorder, 
with liver failure dominating the clinical picture. Thrombocytopenia is typically mild, 
and hemolysis is usually not present unless dIC has developed.
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thrombotic thrombocytopenia purpura: Thrombotic thrombocytopenia pur-
pura (TTp) in pregnancy has been reported to occur at any time period during ges-
tation, but most commonly occurs later in pregnancy or after delivery. Signs and 
symptoms are similar to those of TTp not associated with pregnancy (see Chapter 
93). In contrast to the other pregnancy-related disorders listed above, the clinical 
course of TTp is not altered by delivery. The presence of pre-eclampsia, right upper 
quadrant pain and elevated liver enzymes may point towards other pregnancy-related 
microangiopathies, although there may be times that this distinction is difficult and 
the response to therapy, delivery and/or plasma exchange may be the only means to 
distinguish between these disorders.

Subsequent pregnancies carry a risk of recurrent TTp. In the Oklahoma TTp-
HUS registry, 19 women with a history of TTp became pregnant and approximately 
25% of these women developed recurrent TTp. Of those with a history of pregnancy/ 
post-partum-related TTp, 18% had recurrent TTp during a subsequent pregnancy. If 
the cause of TTp was idiopathic, it was more likely for these women to develop TTp 
during a subsequent pregnancy (43%). There were no maternal deaths associated with 
pregnancy. However, the pregnancies were often complicated and fetal death occurred 
in 40%, although not all fetal deaths appeared related to maternal TTp.
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C H A P T e r 104
The vascular disorders are a heterogeneous group of conditions characterized by 
easy bruising, petechiae, ecchymosis, mucosal bleeding and spontaneous bleeding 
from small vessels. The underlying defect is either in the vessels themselves or in the 
perivascular connective tissue. Platelet count, prothrombin time (PT), partial throm-
boplastin time (PTT), bleeding time and platelet function analyzer (PFA) are generally 
normal. Congenital disorders are caused by either vascular malformations or disorders 
of connective tissue; acquired disorders have multiple causes, such as an increase in 
vessel fragility, vasculitis, and decreased collagen.

Hereditary vascular malformations:

Hereditary Hemorrhagic telangiectasia (Osler-Weber-Rendu disease): 
Hereditary hemorrhagic telangiectasia (HHT), the most common inherited vas-
cular bleeding disorder, is inherited in an autosomal-dominant pattern and affects 
both sexes equally. bleeding occurs spontaneously or after minor trauma, from mal-
formations of dilated small vessels lacking smooth muscle in the skin and mucosa 
(telangiectases). These vessels rupture easily and do not contract effectively, causing 
prolonged bleeding. Telangiectases are 2–4 mm in diameter, appear dark red, and are 
frequently localized on the face, the lips, the mucous membranes of the mouth or 
nose, and the fingertips. bleeding, including epistaxis and gastrointestinal (GI) hem-
orrhage, becomes more common in adulthood as the number of lesions increases, 
and may lead to iron deficiency anemia. Arteriovenous malformations may develop 
in the lungs. Coagulation studies are normal. Genetic testing is available for two types 
of HHT (types 1 and 2). Treatment is primarily symptomatic, although recurrent GI 
or pulmonary bleeding may require surgical treatment. Acute epistaxis may first be 
treated by local measures (compression, topical hemostatic drugs). In some instances, 
antifibrinolytic therapy with tranexamic acid or aminocaproic acid may be beneficial.

Giant cavernous Hemangiomata and Kasabach-Merritt syndrome: Giant 
cavernous hemangiomas are usually congenital, although they usually do not become 
clinically relevant until several months to several years of age. Most common in girls, 
they are categorized into three main types: capillary, cavernous and capillary–cavern-
ous mixture. Cavernous hemangiomas are benign vascular tumors having dilated thin-
walled vessels and sinuses lined with abnormal endothelium, and are found in the GI 
tract, skin, bone, liver and mucous membranes. Thrombi may develop within the cap-
illaries, which can lead to disseminated intravascular coagulopathy (dIC). This later 
condition is known as Kasabach-Merritt syndrome. The dIC is typically low grade, but 
rarely can be life-threatening. Therapy for dIC often includes transfusion with platelet 
(for thrombocytopenia) and plasma products (for elevated PT and PTT), cryoprecipi-
tate (for low fibrinogen), and the use of low-dose heparin infusion or low molecular 
561
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weight heparin to interrupt the excessive thrombin generation. Specific therapy for the 
hemangioma may include surgery, radiation, sclerosing agents, embolization of the 
abnormal vasculature, systemic chemotherapy, corticosteroids and/or vinca-alkaloids.

Hereditary connective tissue disorders:

Ehlers-danlos syndrome: ehlers-danlos syndrome is a rare autosomal dominant 
syndrome that results from a mutation of a gene in collagen synthesis, leading to loss 
of skin elasticity, joint hypermobility and systemic organ tissue fragility. Cutaneous 
findings include thin skin and a tendency to develop non-palpable purpuric lesions 
as a result of dermal blood vessel fragility. A correlation has been reported between 
increased thumb flexibility and unexplained bleeding tendencies, suggesting that many 
patients with undiagnosed bleeding may have a modified form of ehlers-danlos syn-
drome or other collagen defects.

Pseudoxanthoma Elasticum: Pseudoxanthoma elasticum, an autosomal domi-
nant disorder, is characterized by mineralization and fragmentation of elastin in 
the skin, retina and blood vessels. Cutaneous lesions include small white or yellow 
papules, or larger confluent areas of purpura or necrosis.

Mitochondrial Encephalomyopathy with lactic acidosis and stroke-like 
episodes syndrome: Mitochondrial encephalomyopathy with lactic acidosis and 
stroke-like episodes syndrome (MeLAS) is associated with a mutation in the mito-
chondrial transfer gene, and signs of the disease may include non-palpable purpuric 
lesions on the palms and soles and hypertrichosis/ichthyosis. Transmission electron 
microscopy of involved skin reveals evidence of endothelial degeneration and mor-
phologically irregular mitochondria.

Acquired vascular disorders:

Purpura simplex (idiopathic Purpura): Purpura simplex is defined as sponta-
neous easy bruising on the trunk and the lower extremities that typically occurs fol-
lowing minor trauma. It is likely secondary to increased fragility of skin vessels, and 
is one of the most frequent reasons for increased bruising. If the investigation into 
increased bruising does not reveal other bleeding history from the patient, or a fam-
ily history of bleeding and screening coagulation laboratory are normal, the patient 
should be reassured and advised to avoid taking aspirin or other medications which 
might cause platelet dysfunction.

senile Purpura: Progressive loss of collagen in the dermis and vascular wall may 
lead to characteristic lesions of old age, or senile purpura. Usually occurring on the 
dorsal side of the hands and wrists or on the forearms, these lesions may be large and 
well demarcated. Venipuncture may result in rapidly spreading purpura, and thus pro-
longed pressure should be applied after venipuncture in elderly patients. No specific 
treatment exists.

Purpura due to infections: Infections may cause purpura and mucous mem-
brane bleeding through direct vessel damage by micro-organisms or toxins, vasculitis, 
thrombocytopenia or dIC. dIC from infections, especially meninogococcal disease, 
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may be associated with renal failure, rapidly spreading purpura with skin necrosis, 
and circulatory failure. Treatment of the underlying infection is critical, with support-
ive care for the coagulopathy. Heparin treatment to counteract excessive thrombin  
generation may be helpful in certain instances.

scurvy: Scurvy is a result of insufficient intake of vitamin C, which is required for 
collagen synthesis. Clinical manifestations include oral bleeding, mucous membrane 
bleeding, orbital hemorrhage leading to propotosis, and subperiosteal hemorrhage 
(especially in infants). rarely, hematuria, hematochezia and melena are noted; cos-
tochondral beading (scorbutic rosary) may also occur. Low-grade fever, anemia, and 
poor wound healing are typical signs of scurvy. Vitamin C administration is effective 
in curing infantile scurvy. The symptoms of irritability, fever, tenderness to palpation 
and hemorrhage generally resolve within 7 days of initiating treatment.

Henoch-schönlein Purpura: The most common vasculitis in children, Henoch-
Schönlein purpura (HSP) is characterized by the acute onset of abdominal pain and 
lower extremity urticarial plaques and palpable purpura. Nephritis, arthritis and scro-
tal swelling may also occur. Of affected patients, 90% are younger than 10 years of age. 
In pediatric cases, boys are more commonly affected than girls (2 : 1). The etiology of 
the syndrome remains unclear, but reported triggers include viral (hepatitis b virus, 
hepatitis C virus, parvovirus b19, and human immunodeficiency virus) and bacterial 
(Streptococcus species, S. aureus, and Salmonella species) infections in children, medi-
cations (non-steroidal anti-inflammatory drugs [NSAId], angiotensin-converting 
enzyme inhibitors, and antibiotics), food allergies, and insect bites in adults. A specific 
genetic risk factor for the disorder is complement factor 4 (C4) deficiency.

Leukocytoclastic vasculitis in HSP is the result of IgA immune complex and com-
plement deposition on vessel walls. Increased serum IgA levels may be found in these 
patients, along with elevated white blood cell counts, platelet counts and C-reactive 
protein levels. HSP is self-limited, and treatment is supportive. Steroids may be used 
for patients with renal involvement, persistent purpura or severe abdominal pain.
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liver disease can either be acute (e.g. acute hepatitis) or chronic (e.g. malignancy,  
biliary atresia, hepatitis C cirrhosis), and is usually associated with hemorrhagic and 
occasionally, thrombotic complications. The hemorrhagic complications of liver dis-
ease are related to: decreased hepatic synthesis of coagulation factors and vitamin K 
deficiency, thrombocytopenia and platelet dysfunction, and hypofibrinogenemia and 
dysfibrinogenemia. Changes associated with an increased risk of thrombosis include 
increased levels of Factor VIII (FVIII) and von Willebrand factor (VWF) levels, 
decreased levels of protein C, protein S and antithrombin III, and decreased clear-
ance of activated coagulation factors. The hemorrhagic complications are more 
pronounced in the setting of end-stage liver disease, which is often complicated by 
variceal bleeding or infection/sepsis.

Pathophysiology: A summary of the hemostatic defects common in liver disease is 
found in Table 105.1, and these are described in more detail below.

Table 105.1 Hemostatic Defects in liver Disease

l Decreased synthesis of clotting factors
l Vitamin K deficiency
l Thrombocytopenia (decreased production and hypersplenism)
l  Platelet function defect (increased fibrin/fibrinogen degradation products and  

decreased adhesion to GPIb)
l Disseminated intravascular coagulopathy (DIC)
l Systemic fibrinolysis (decreased 2aP and decreased clearance of TPa)
l Dysfibrinogen (increased sialic acid production)

Decreased synthesis of clotting factors: Since the liver is the exclusive source 
of all clotting factors (except FVIII and VWF), impairment of liver function will affect 
the production of these factors. The rate of fall in factor level is proportional to the 
coagulation factor half-life. As FVII has the shortest half-life (approximately 4 hours), 
FVII deficiency is the first coagulation defect to appear during acute liver failure. The 
vitamin K dependent factors are disproportionately affected in liver disease, resulting 
in a greater effect on the pT compared to the pTT. VWF, FVIII and fibrinogen are 
each acute phase reactants that tend to rise early in liver failure; however, as liver dis-
ease progresses fibrinogen will subsequently fall due to decreased hepatic production. 
FVIII and VWF do not fall, as they are synthesized by endothelial cells and megakary-
ocytes (VWF).
565
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Vitamin K Deficiency: The liver has an essential role in vitamin K absorption, 
and therefore vitamin K deficiency should be considered in conditions such as biliary  
cirrhosis and bile duct obstruction, where bile acid metabolism is impaired. poor 
nutritional intake as a result of alcoholism may also lead to vitamin K deficiency.

Thrombocytopenia: Thrombocytopenia is secondary to multiple factors. First, 
thrombocytopenia is significantly related to splenomegaly, with the accompanying 
sequestration and trapping of platelets. Second, platelet survival may be affected by the 
production of platelet-associated antibodies which may be seen in certain infectious 
complications (e.g. hepatitis C and autoimmune hepatitis). Third, decreased platelet 
production from megakaryocytes can be a result of decreased thrombopoietin produc-
tion by the liver. Fourth, alcohol, which is associated with liver disease, can also affect 
megakaryocyte production. lastly, viral and other infections associated with some 
causes of liver failure may also inhibit the production of megakaryocytes/platelets.

Platelet Dysfunction: liver disease is associated with platelet dysfunction and is 
multifactorial related to the effect of fibrin degradation products (Fdp) which impairs 
platelet function, and to decreased GpIb on the platelet surface, and secondary to 
defective signal transduction due to altered platelet content. Also, high levels of high 
density lipoprotein may alter nitric oxide content and decrease aggregability.

Disseminated intravascular coagulopathy: disseminated intravascular coagu-
lopathy (dIC) is not uncommon in severe liver disease where the primary defect is 
excessive activation of clotting factors and formation of thrombin. demonstration of 
 excessive thrombin is supported by elevated prothrombin fragment 1.2 and thrombin–
antithrombin complexes (TAT), as well as increased d-dimers. The underlying patho-
physiology of dIC is not known, but might be related to decreased natural inhibitors 
to clotting such as anti-thrombin (ATIII) and protein C, inability to clear activated 
clotting factors, injury to hepatocytes and tissue factor release. Cytokine production 
is evident in severe liver disease, and concomitant events such as sepsis may also play 
a role. The laboratory differences between dIC and liver disease may be difficult to 
differentiate. In both cases, coagulation times are prolonged (due to consumption  
in dIC and decreased factor synthesis in liver failure). Similarly, d-dimers are also  
elevated (due to increased synthesis in dIC and decreased clearance in liver fail-
ure). The nuances of the laboratory differentiation between dIC and liver failure are  
discussed below.

systemic fibrinolysis: In addition to dIC, increased systemic fibrinolysis is also 
evident in severe liver disease. The euglobulin lysis time (elT) is short in almost 
50% of tested patients. This is a result of decreased synthesis of 2-antiplasmin and 
decreased clearance of fibrinolytic enzymes such as tissue plasminogen activator 
(TpA). The presence of excessive fibrinolysis should be considered when bleeding in 
liver disease is difficult to manage.

Abnormal fibrinogen (Dysfibrinogenmia): As previously mentioned, fibrin-
ogen levels tend to remain normal to only slightly depressed despite severe hepatic 
impairment. however, the fibrinogen that is produced has increased amounts of 
sialic acid (similar to fetal fibrinogen). This increased amount of sialic acid renders 
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the fibrinogen abnormal and prolongs the thrombin time. despite this alteration, it is 
unlikely that the dysfibrinogen of liver disease contributes to systemic bleeding.

Clinical manifestations: The predominant clinical manifestation from liver dis-
ease is bleeding. This bleeding may come from gastrointestinal hemorrhage associated 
with esophageal and gastric/intestinal varices as well as gastritis and gastric and duo-
denal ulcers. Also, systemic bleeding may be manifested from intravenous and chest/
endotracheal tube sites and from the skin (purpura and petechiae), mouth and nose.

Diagnosis: laboratory testing to differentiate between liver disease and dIC helps 
guide therapy. In liver disease, typically the pT is much more prolonged in compari-
son to the pTT, primarily due to the effect of the vitamin K dependent factors on the 
pT. FVIII is often increased, and FV and FVII are low. Fibrinogen levels are usually 
greater than 100 mg/dl unless there is significant acute hepatitis or end-stage liver dis-
ease. Finally, the platelet count is only mildly decreased and in some cases normal.

Differential Diagnosis: The main clinical differential diagnosis in severe liver dis-
ease is dIC. In general, in dIC, the pT is not elevated out of proportion to the pTT as 
in liver disease, and the fibrinogen level and platelet count are lower in dIC than in 
liver disease. Additionally, the amounts of Fdp and d-dimer are more elevated in dIC.

Additional laboratory findings, such as schistocytes on peripheral smear, are typically  
seen more often in dIC than in liver failure. Importantly, dIC is an inherently unsta-
ble state with ongoing consumption of coagulation factors and, in most cases, con-
sumption of platelets. In contrast, liver failure typically progresses more slowly with 
relatively stable platelet counts. Thus, serial testing over time may help to distinguish 
between dIC and liver failure.

Some clinicians advocate comparing FVIII levels to FV or FVII. The reasoning is 
that FVIII is made in endothelial cells. Thus, a decrease in FVIII concomitant with FV 
and FVII supports consumption, whereas a normal FVIII with decreased FV and FVII 
suggests liver failure. FVIII is an acute phase reactant, which can be elevated to super-
physiological levels and then drop back to normal levels during a consumptive coagu-
lopathy. Thus, a “normal” FVIII level cannot rule out dIC. Importantly, coagulopathy 
of liver failure and dIC are not mutually exclusive, and can occur simultaneously in 
some patients.

hemostatic screening tests may help differentiate certain types of liver failure: acute 
hepatitis, obstruction of the biliary system and cirrhosis of the liver.
l Acute severe hepatitis is associated with marked abnormalities of the screening tests, 

including markedly elevated pT/pTT and extremely low fibrinogen levels. FV and 
FVII are moderately decreased accompanied by a significantly elevated FVIII.

l Biliary obstruction is accompanied by a disproportionately elevated pT compared 
to an only slightly elevated pTT, a normal to slightly increased fibrinogen level and 
markedly low FVII but normal to only slightly depressed FV.

l End stage liver disease is similar to biliary obstruction in terms of the markedly ele-
vated pT and decreased FVII and only a normal to slightly increased pTT. It is dif-
ferentiated from biliary obstruction by a slightly decreased fibrinogen and platelet 
count, and moderately decreased FV. FVIII also tends to be more elevated in end-
stage liver disease.
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summary of Laboratory Differentiation in hepatic failure: Biliary cirrhosis 
(such as occurs with congenital biliary atresia) is very similar to end-stage liver dis-
ease, except this condition manifests a slightly elevated fibrinogen level and demon-
strates only slight depression of both FV and the platelet count. end stage liver disease 
is differentiated from acute hepatitis by manifesting only a slightly increased pTT and 
slightly decreased fibrinogen level, compared to the marked discrepancies in both of 
these screening tests in acute hepatitis.

management:

conventional management: There is usually an element of vitamin K deficiency 
in any form of liver disease, and therefore vitamin K should be administered daily at 
least for 3 days. The dose should be 2–3 mg for an infant, 7 mg for a child and 10 mg 
for an adult, all given intramuscularly. If a patient is acutely ill, the vitamin K should 
be administered intravenously, by slow push. In the acute setting, if both the pT and 
pTT are elevated and the intravascular volume is not problematic, plasma products 
(e.g. fresh frozen plasma and plasma frozen within 24 hours of phlebotomy) should  
be administered at 15–20 ml/kg. Cryoprecipitate may be given for low fibrinogen 
levels. platelet transfusions should be administered if the platelet count is less than 
50,000/l and accompanied by clinical signs of bleeding. platelet transfusions may 
also be given if the platelet count is less than 50,000 l in preparation for a high-risk 
invasive procedure. Most clinicians would recommend lowering of the pT (usually 
the goal is an INr of less than 1.5 or 2.0, depending on the clinical situation) and 
fibrinogen (usually a goal of greater than 100–150 mg/dl) if major surgery is planned. 
Additionally, some authorities maintain the platelet count above 75,000/l in the sur-
gical setting, but the response to platelet transfusions may be blunted secondary to 
splenomegaly and therefore this goal may be difficult to obtain.

Difficult Bleeding management: If bleeding is difficult to manage with the 
interventions mentioned in the preceding paragraph, several other treatment modali-
ties may be entertained. ddAVp may be utilized to help reverse the platelet dysfunc-
tion, which is common in liver disease. If intravascular volume is a limiting factor 
in treatment options, a plasma exchange may be attempted; however, in a very ill 
patient, plasma exchange becomes a difficult intervention due to secondary volume 
shifts which can increase hemodynamic instability. The use of antifibrinolytics, such 
as aminocaproic acid or tranexemic acid, can also be considered while being circum-
spect regarding the potential risk of thrombosis with these agents. Finally, rFVIIa and 
prothrombin complex concentrates can also be utilized if FVII or other vitamin K 
dependent factors are low (e.g. FII and FX) or if there is concern about volume over-
load. It is important also to be aware of the potential thrombotic risk when utilizing 
these agents (due to potential underlying dIC and excessive thrombin activation).
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In the early 1930s, the condition known as hemorrhagic disease of the newborn 
was first discovered to be related to a deficiency of vitamin K. It was later appreciated 
that deficiency of vitamin K presents with unique bleeding manifestations at various 
ages. Vitamin K is an essential co-factor for the clotting proteins, FII, FVII, FIX and 
FX, as well as to the natural inhibitors of the non-vitamin K dependent factors (FV 
and FVIII), protein C and protein S. The most common deficiency of vitamin K 
dependent coagulation factors is a result of warfarin anticoagulation.

Pathophysiology: Vitamin K is essential in the post-translational modification of 
glutamic acid residues in specific clotting factors. These residues are carboxylated via the 
vitamin K dependent -glutamyl carboxylase to a specific -carboxyglutamic acid clot-
ting factor. Other essential cofactors to this reaction are reduced vitamin K, carbon diox-
ide, and oxygen. The essential role of vitamin K in activation of these clotting proteins is 
illustrated in Figure 106.1. This carboxylation of glutamates occurs near the NH2 termi-
nus. These -carboxyglutamic acid clotting factors (Gla) are important in binding cal-
cium to a phospholipid membrane, and in forming the coagulation complexes important 
to the formation of thrombin (tenase and prothrombinase complexes). Warfarin blocks 
the formation of vitamin K-hydroquinone (reduced vitamin K) from vitamin K-epoxide.

Non-carboxylated factor
Carboxylated factor
(bind Ca�� to PL)

Carboxylase

Vitamin K (epoxide)

Warfarin

Vitamin K
(green/yellow vegetables)

Vitamin K (reduced)

Figure 106.1 The vitamin K cycle and its role in production of carboxylated clotting factors.
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The major source of dietary vitamin K is vitamin K1 (phylloquinone), which is primarily 
derived from yellow or green plants. The daily dietary requirement is 1 g/kg. Vitamin K  
is lipid soluble, and an intact intestine is required for optimal absorption. Vitamin K2 
(menaquinones-n) is another source of vitamin K, which is produced by bacteria and 
is also found in animal and soy protein products. This form of vitamin K is less readily 
absorbed. It is important to realize that both human and cow’s milk are low in vitamin K.  
Any condition which might impair absorption of vitamin K, such as malabsorption 
 syndromes and liver dysfunction, will impact the production of active clotting factors.

Clinical Manifestation: There must be a high degree of suspicion to entertain a 
diagnosis of vitamin K deficiency in the neonatal period, infancy, childhood or adult 
life. In particular, this diagnosis should be considered in the context of unexplained 
intracranial or gastrointestinal hemorrhage. These two clinical manifestations are 
more common in the first year of life, whereas skin manifestations, such as purpura 
and/or nose and mouth-related bleeding, are more common in children and adults. 
Table 106.1 reviews the age of presentation, the bleeding site, cause and treatment for 
different clinical manifestations of vitamin K deficiency in children.

Accidental or intentional ingestion of warfarin must be considered, as well as inges-
tion of long-acting rat poison, especially when reversal of presumed warfarin overdose 
has been attempted, only to have its bleeding manifestations recur within 24 hours. In 
the adult population, excessive alcohol intake and a combination of prolonged fasting, 
excessive vomiting and antibiotic therapy may present a triad of severe vitamin K defi-
ciency, particularly in the elderly.

Because vitamin K is lipid soluble, normal absorption of fats is required for vitamin K 
uptake. Lack of bile salts secondary to cholestatic disease can lead to deficiency. Similarly, 
deficiency can be observed secondary to use of drugs that decrease cholesterol absorp-
tion, such as cholestyramine. Finally, metabolic disorders that involve dysregulated lipid 
metabolism can also lead to a vitamin K deficient state (e.g. Gaucher disease).

Table 106.1 Vitamin K Deficiency in Infants

Syndrome Age at 
presentation

Bleeding site Cause Treatment

early HDN (5%, 
at-risk mothers)

1 day ICH, GI, 
umbilical, bony 
abn

anticonvulsants; 
anti-Tb meds

10 mg vitamin K 
daily  2 weeks

Classic HDN 
(0.01–1%)

1–7 days ICH, GI, 
umbilical, eNT

Idiopathic; 
maternal drugs

0.5–1 mg  
vitamin K at  
birth

late HDN 
(0.02%)

2–24 weeks ICH, GI, skin, 
eNG

Idiopathic; 
malabsorption; 
liver disease; 
breastfeeding

Vitamin K at  
birth; repeat as 
needed orally/IM

Vitamin K deficiency in infancy by syndrome: early HDN (hemorrhagic disease of the newborn), classic HDN and  
late HDN. Listed are: age of presentation; common bleeding sites (intracranial hemorrhage, ICH; gastrointestinal,  
GI, ear/nose/throat, eNT), cause and treatment.



Bleeding�Risks�with�Vitamin�K�Deficiency� 573
Diagnosis:

Laboratory Testing: As previously discussed, proteins containing -carboxyglutamic 
acid (Gla) are widespread throughout the body, and deficiency of vitamin K has its 
effects in several organ systems, in addition to coagulation. Unfortunately, the earliest 
evidence of vitamin K deficiency occurs in areas that are difficult to assess clinically. 
Thus, in theory, early vitamin K deficiency could be detected through analysis of liver 
stores (liver biopsy) or through altered measures of bone metabolism (i.e. increased 
decarboxylated osteocalcin). Less invasive measuring of vitamin K in plasma can be 
performed, but precise measurements can be difficult. However, if obtained accurately, 
adult plasma levels less than 100 pg/ml or cord blood levels less than 50 pg/ml are sug-
gestive of vitamin K deficiency. Other tests not readily performed include decreased 
urinary excretion of Gla proteins and the more sensitive assessment of increased decar-
boxylated proteins, the so called “protein induced in vitamin k absence” (pIVKA). The 
pIVKA most commonly assessed in laboratories involves pIVKA II (non-carboxylated 
prothrombin). From a practical standpoint, measurement of vitamin K dependent 
coagulation factors, (FII, FVII, FIX, FX) and decreased protein C and protein S are 
the easiest way to assess vitamin K deficiency. While this approach may miss very early 
deficiency, it assesses one of the main pathological outcomes of decreased vitamin K. 
If these vitamin K dependent factors are low (usually less than 30–35%), the screen-
ing tests for coagulation (pT, pTT) are both prolonged and bleeding is more likely. 
early vitamin K deficiency might not affect the pTT to the same degree as the pT. Also, 
in isolated vitamin K deficiency, both the platelet count and the fibrinogen level are 
normal.

Clinical Features Important in Diagnosis: In addition to the previously described 
diagnostic tests, the clinical scenarios which present with vitamin K deficiency must be 
weighed carefully. Vitamin K deficiency in the immediate neonatal period is most likely 
due to maternal use of anti-seizure medication or anti-tuberculosis drugs. Classic hem-
orrhagic disease of the newborn appearing in the first week of life is either idiopathic 
or related to maternal ingestion of medication. Vitamin K deficiency which appears 
in the first several months of life is either idiopathic or related to gastrointestinal (GI) 
malabsorption, liver disease, or breastfeeding in conjunction with decreased oral intake 
of vitamin K secondary to loss of vitamin K via the GI tract or to the poor vitamin K 
content found in breast milk. Warfarin poisoning from ingestion of rat poison or acci-
dental overdose of adult medication can also cause vitamin K deficiency in children.

In the adolescent and adult population, prolonged fasting, excessive vomiting, med-
ications (including certain antibiotics such as cephalosporin, overdose of vitamin e, 
and salicylates), and malabsorption from many different causes (alpha 1 anti-trypsin 
deficiency, biliary atresia, celiac disease, chronic diarrhea, cystic fibrosis, cholestatic 
liver disease and thermal burn injuries) all may cause vitamin K deficiency. Finally, 
alcoholism is associated with vitamin K deficiency. Several herbal remedies may also 
have the potential to effect vitamin K deficiency (e.g. etpapain).

Differential Diagnosis: When excessive mucosal bleeding is encountered (nose, 
mouth, GI/GU tract and bruising), screening laboratory testing is essential. The 
hemostasis screen (complete blood count, pT, pTT, fibrinogen, thrombin time and 
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pFA) will help focus towards a correct diagnosis. As previously mentioned, an ele-
vated pT and pTT along with normal other screening labs essentially rules out other 
causes of bleeding and confirms vitamin K deficiency as the likely etiology. Both 
DIC and liver disease will display abnormalities of all the other laboratory screen-
ing tests. Heparin contamination and dysfibrinogenemia are ruled out by a normal 
thrombin time, and fibrinogen deficiency is unlikely given a normal fibrinogen level. 
Occasionally, either homozygous or severe heterozygous deficiency of FII, FV and FX 
may cause an elevation in both the pT and pTT. In this case, FX and FV are the most 
likely deficiencies to consider. If there were a congenital factor deficiency, a bleeding 
history should be evident for many years. Acute onset of bleeding could be attributed 
to antibodies to these factors.

Management: Management of vitamin K deficiency varies by the clinical manifes-
tations and underlying cause. Careful attention to maternal anticonvulsants and other 
medications will help reduce early hemorrhagic disease of the newborn. In this situa-
tion, maternal use of vitamin K will be helpful in reversing any possible effects. Classic 
hemorrhagic disease of the newborn has been effectively eliminated by administra-
tion of vitamin K at birth. parents who choose not to allow their newborn to be given  
vitamin K at birth may be placing the infant at risk for vitamin K deficiency, particu-
larly if they are breastfed or encounter malabsorption for any reason (including infec-
tious diarrhea) and decreased oral vitamin K intake.

Acute treatment of vitamin K deficiency varies, and is similar to the treatment for 
warfarin reversal. Treatment is based upon the screening laboratories and the clini-
cal manifestations. If there is not excessive bleeding and the pT/pTT are the only tests 
elevated, intramuscular vitamin K may be given at 1–5 mg for an infant, 5–10 mg for a 
child and 10 mg for an adult. However, if there is CNS, GI or extensive mouth and nose 
bleeding, intravenous vitamin K should be given as a slow infusion and plasma prod-
ucts should be transfused at 15–20 ml/kg, which should raise most factor levels 20–25% 
above their baseline. If there is concern about volume restriction, rFVIIa or, preferably, 
prothrombin complex concentrates which include most of the vitamin K dependent 
factors might be more helpful (see Chapters 29 and 143).
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The main risk of bleeding with cardiac disease occurs when the patient is placed on 
cardiopulmonary bypass (CPB). Immediate postoperative bleeding, both surgical and 
secondary to platelet dysfunction, is common in patients coming off cardiopulmonary 
circuits. It is rarer to have hemostatic defects associated with cyanotic heart disease or 
valvular heart disease; these will also be discussed.

Pathophysiology:

Cardiopulmonary by pass: The combination of surgically related bleeding (wound 
site, chest tubes) and platelet dysfunction can account for almost the entirety of post-
operative bleeding after CPB. Platelet dysfunction can be a result of activation of plate-
lets with subsequent - and dense-granule release. Platelet dysfunction may also occur 
with hypothermia, which is often induced during surgery and may also be secondary to 
the pump and/or filters, with subsequent activation of platelets. Bleeding may also be 
the result of mild thrombocytopenia (100,000/l), from shortened platelet survival 
secondary to platelet consumption during the procedure or as a result of the circuit.

A mild decrease in all the clotting factors can occur immediately after the patient 
is placed on the bypass circuit, secondary to hemodilution. The level of dilution of 
clotting factors is approximately 50%. The liver may also be temporarily affected dur-
ing bypass surgery, with decreased blood flow causing decreased hepatic production 
of clotting factors. Fibrinolysis is increased in CPB as a result of increased tissue plas-
minogen activator (TPA), decreased plasminogen activator inhibitor-1 (PAI-1) and 
decreased 2 antiplasmin (2AP).

Activated coagulation can be present during CPB, but is less likely to be encoun-
tered if there is adequate anticoagulation. If under-heparinization occurs, increased 
generation of thrombin–antithrombin complexes (TAT) and prothrombin fragment 
1.2 and increased D-dimer production can be observed. When hemostatic parame-
ters have been carefully studied in children and adults undergoing CPB, investigators 
have demonstrated lower heparin levels in children. This result is probably due to a  
combination of factors: (1) greater hemodilution in children (due to a smaller blood 
volume) resulting in decreased clotting factors, especially fibrinogen and antithrombin 
 (contributing to “heparin resistance”), and (2) a greater degree of hypothermia in  
children, which inappropriately prolongs the ACT, leading the clinician to surmise  
that adequate heparinization is in place. Additionally, the ACT may also be inap-
propriately prolonged in adults, leading to suboptimal heparin dosing. Adults also 
undergo hypothermia, hemodilution of clotting factors/platelets and antifibrinolytic 
therapy (with resultant kallikrein inhibition). Thus, the whole blood clotting time 
assessment (ACT) utilized in most centers may not be adequate to optimize antico-
agulation in the CPB setting.
577
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Cyanotic heart disease: The primary hemostatic problem evident in cyanotic 
heart disease stems from polycythemia. In general, coagulation abnormalities are rare, 
but occasionally hepatic congestion from an increased hematocrit can lower produc-
tion of clotting factors. The platelet count can also be slightly lower due to shortened 
survival of platelets, and there is often a mild platelet function defect for the reasons 
previously described. In addition, there may be factitious elevation of the screening 
clotting tests (PT, PTT), as a result of an excessive citrate : plasma ratio in the tube uti-
lized for testing, secondary to the increased hematocrit (see Chapter 113). It is essential 
to correct for the hematocrit and the resulting decreased plasma volume. Therefore, less 
anticoagulant is needed in testing the patient with polycythemia. Until correction of the 
cyanotic heart defect is possible, lowering of the hematocrit will help ameliorate any 
underlying coagulation defects.

Non-cyanotic heart disease/valvular heart disease: Certain cardiac con-
ditions, such as a ventricular septal defect (VSD) and aortic stenosis or pulmonic  
stenosis, may all contribute to acquired von Willebrand syndrome (AVWS) (see 
Chapter 95) with a laboratory picture similar to type 2 AVWS. In addition, artificial 
prosthetic cardiac valves may likewise cause AVWS. In this condition, there is loss 
of the high molecular weight multimers secondary to a sheering effect on the von 
Willebrand factor (VWF). Additionally, thrombocytopenia may also occur from a 
sheering effect resulting in increased destruction/removal of the platelets. The VWF 
findings are comprised of inappropriately low VWF : RCo compared to VWF : Ag, and 
loss of high molecular weight multimers. Correction of the VSD or abnormal heart 
valve will correct both the AVWS and thrombocytopenia.

Clinical manifestations: Bleeding related to CPB surgery is usually evident from 
persistent bleeding from nasogastric tubes and urinary catheters, chest/endotracheal 
tubes, intravenous sites, sites of blood draws and the surgical site. Bleeding from all these 
sites helps to differentiate the systemic bleeding sometimes associated with CPB from 
localized surgical bleeding. The bleeding associated with cyanotic and non-cyanotic 
heart disease is usually milder, and mucosal in nature (epistaxis, petechiae and purpura). 
As in CPB-associated bleeding, bleeding solely from the surgical site points towards sur-
gically-related bleeding as the primary cause of hemorrhage.

Diagnosis and Differential Diagnosis of bleeding associated with CPb:

Initial bleeding assessment associated with Cpb: Screening laboratory tests 
such as the PT, PTT, fibrinogen and platelet function analyzer (PFA) are not uni-
formly performed after CPB. Instead, anesthesiologists utilize the whole blood clot-
ting assay (ACT) and the platelet count to guide management after CPB. As previously 
discussed, because most causes of bleeding with CPB are known the focus of bleeding 
management after CPB is on chest tube and surgical site/wound drainage, as well as 
on consideration of a platelet transfusion when a surgical cause for excessive bleeding 
has been ruled out and significant bleeding continues. Platelet transfusions will cor-
rect the thrombocytopenia and the platelet dysfunction. however, prior to a platelet 
transfusion, heparin should be reversed to allow the hemostatic system to function in 
the absence of high-dose anticoagulant.
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heparin reversal: After the procedure, the anesthesiologist is careful to reverse the 
effects of heparin with protamine. Rarely, patients may develop toxicity to protamine, 
presenting with symptoms of hypotension, hypoxia and disseminated intravascular 
coagulopathy (DIC). Usually this occurs in patients who have received protamine either 
from previous CPB, or by use of protamine-containing insulin. The increased use of 
recombinant insulin makes the latter mechanism unlikely. The etiology of protamine 
toxicity appears to be either Ige-mediated anaphylaxis or complement anaphylactoid-
mediated, secondary to heparin–protamine or protamine–antiprotamine complexes. 
Protamine contains arginine, which, when converted to nitric oxide, may also contrib-
ute to the systemic toxicity of this disorder.

Screening laboratory in Cpb bleeding assessment: If the above causes of 
bleeding have been effectively excluded, it is important to order additional screening 
laboratory tests to determine a specific diagnosis and to guide further management: 
PT, PTT, fibrinogen, complete blood count and platelet count, PFA, heparin level, D-
dimer and euglobulin lysis time (eLT). These screening tests will first confirm the lack 
of excessive heparin or thrombocytopenia as potential causes for continued bleed-
ing. Second, dilutional coagulopathy may be present, suggested by an elevated PT and  
PTT, and low fibrinogen. This is best treated with plasma products (e.g. fresh frozen 
plasma and plasma frozen within 24 hours of phlebotomy) and cryoprecipitate. The 
presence of DIC would be suggested by an elevated D-dimer, and would necessitate 
evaluation for an underlying etiology. The baseline D-dimer is expected to be elevated 
as a result of normal post-surgical hemostasis. Thus, measuring D-dimer levels in this 
context and monitoring coagulation parameters over time is essential to assess for 
consumptive coagulopathy. In this setting, plasma products and/or cryoprecipitate 
would be utilized along with consideration of additional anticoagulation therapy. The 
eLT may be used to help guide therapy for excessive fibrinolysis. Finally, an elevated 
PFA may suggest the ongoing presence of a platelet dysfunction, as well as need for 
additional therapy besides platelet transfusions.

management: A normal hemostasis screening laboratory panel will help to exclude 
heparin, dilutional coagulopathy (including low fibrinogen levels) and platelet dys-
function as contributing causes to ongoing bleeding. Nonetheless, platelet dysfunction, 
abnormal fibrinolysis, DIC and possible antithrombin antibodies may still play a role 
in continued bleeding, despite normal laboratory screening. The D-dimer in particular 
often lags behind the clinical findings, being slower to rise initially in DIC and linger-
ing for days (due to increased reabsorption from the extracellular space) after DIC has 
resolved.

desmopressin: Presumed platelet dysfunction may be treated with desmopressin 
(DDAVP). DDAVP may help with platelet dysfunction by releasing VWF from its 
endothelial and platelet storage sites, which fosters better bridging of platelets to the 
vessel wall. DDAVP will also facilitate increased GP IIb/IIIa expression and improved 
platelet–platelet interaction. Finally, DDAVP causes microparticle release from plate-
lets, with resultant increased platelet aggregation. DDAVP must be monitored carefully 
due to potential side-effects, including hyponatremia and seizures, especially in infants 
and the elderly – the two age groups most likely to undergo CBP-related surgery.
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antifibrinolytic therapy: Treatment with an antifibrinolytic, such as aminocap-
roic acid or tranexemic acid, may be helpful if the eLT is short (a third antifibrinolytic, 
aprotinin, is currently not available in the US). These agents may be utilized empiri-
cally if prompt eLT testing is not possible, or if ongoing bleeding dictates more urgent 
therapy. The potential side effects of thrombosis must be weighed. Aminocaproic acid 
or tranexemic acid are similar in structure to lysine, and competitively inhibit the 
binding of plasminogen and TPA to the lysine binding sites on fibrin. Antifibrinolytic 
therapy may also reduce platelet dysfunction, since the agents may decrease fibrin deg-
radation products and their effect on platelet–platelet interaction. Since use of an anti-
fibrinolytic agent may also cause thrombosis, careful monitoring is encouraged.

anticoagulation therapy: If DIC after CPB is a clinical concern, therapy with 
anticoagulants such as heparin may be reinstituted. For those patients unable to  
tolerate heparin (e.g. heparin-induced thrombocytopenia), direct thrombin inhibitors 
such as argatroban or hirudin may be utilized.

therapy for Inhibitors to bovine thrombin: Increasingly, fibrin glue with 
human thrombin is utilized as a local tissue sealant; however, topical bovine thrombin 
may also still be used. Antibodies can be formed from this bovine source which may 
cross-react with human thrombin or FV. The source of the anti-FV antibodies may 
be secondary to bovine FV in topical thrombin, or from exposure to intra-operative 
plasma products. Antibodies may also be formed against the vitamin K dependent 
clotting factors (FII, FVII, FIX and FX) but cross-reactivity to FV is the more com-
mon. Late bleeding, several weeks after surgery, may occur. Antibodies to thrombin 
are often detected by an elevated PT and PTT with lack of correction by mixing stud-
ies, but can always be discerned by an elevated thrombin time in the face of a normal 
reptilase time. The latter test rules against a dysfibrinogen. These antibodies are best 
treated with appropriate blood product support and with immunosuppressive agents, 
corticosteroids, intravenous immunoglobulin or plasma exchange.
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Renal disease has long been associated with a bleeding diathesis, primarily mucosal 
bleeding such as bruising, nasal or oral bleeding, and gastrointestinal bleeding. The 
association of a prolonged bleeding time, anemia and uremia has been observed since 
the 1950s. Dialysis and erythropoietin have greatly decreased the bleeding tendency in 
renal-failure patients. This chapter will focus on the hemostatic disorders associated 
with chronic renal disease, although acute renal failure can also present with similar 
bleeding manifestations. The laboratory findings, differential diagnosis and manage-
ment issues associated with renal disease will also be addressed.

Pathophysiology: Uremic patients consistently demonstrate disordered platelet/
vessel interaction. Over the years, this has been best characterized by the prolonged 
bleeding time. Several substances present in uremic patients can contribute to this 
pathophysiology. Guanidinosuccinic acid (GSA) is known to accumulate in uremic 
plasma, and affects platelet and vascular function. GSA is a derivative of L-arginine; 
both are precursors of nitric oxide (NO). NO production is increased in uremic 
patients, which leads to increased cyclic GMP, producing vascular relaxation and 
decreased aggregation of platelets.

Platelet Dysfunction: In addition to the effect of NO on platelet function, there 
are other abnormalities seen in the uremic patient that can contribute to poor plate-
let aggregation and bleeding. First, platelet phospholipids are modified, which affects 
the release of arachidonic acid, which is subsequently converted to thromboxane A2. 
Second, thromboxane A2 is decreased, as are the dense granules in platelets and result-
ant ADP release. Finally, increased platelet aggregation and resultant platelet dysfunc-
tion occurs when platelets interact with the surface membrane of the dialysis machine.

Anemia-associated Bleeding: Chronic renal disease results in decreased erythro-
poietin production, leading to decreased red blood cell (RBC) mass. Since the initial 
discovery in the 1950s of the correlation between prolongation of the bleeding time 
and anemia, clinicians have utilized RBC transfusions to reduce the bleeding time and 
resultant bleeding manifestations. This normalization of the bleeding time from an 
increased RBC mass may be related to increased availability of ADP from the RBCs, 
but is more likely a rheologic phenomenon. In essence, increasing the RBC mass 
allows platelets and clotting factors to be effectively guided towards the endothelium, 
and thus be able to participate in coagulation.

Thrombocytopenia: The platelet number can be slightly decreased in chronic 
renal disease, but is rarely below 100,000/l. The platelet size may also be smaller than 
normal.
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Bleeding Secondary to Medications: Chronic renal disease patients are often 
exposed to heparin during dialysis. Reversal of heparin at the end of each treatment 
is standard, but heparin overdose should be considered in the chronic renal disease 
patient who unexpectedly bleeds after dialysis. Additionally, medications, including 
various antibiotics and anti-inflammatory drugs, may affect platelet function.

Hypofibrinolysis: Chronic renal patients occasionally have decreased fibrinoly-
sis secondary to low tissue plasminogen activator (TPA) and increased plasminogen 
activator inhibitor-1 (PAI-1). Occasionally, this may contribute to clotting within the 
shunt placed for dialysis. It may also contribute to more systemic clotting problems.

Nephrotic Syndrome: Nephrotic syndrome is described separately due to the 
myriad of potential coagulation abnormalities seen. elevated fibrinogen, FVIII and 
VWF levels are common in nephrotic syndrome and in other renal diseases, prima-
rily as acute phase reactants.  Fibrinogen is also abnormal, and the resultant dysfi-
brinogen is characterized by a prolonged thrombin time and reptilase time. Certain 
clotting factors, such as FIX and FXII, can also be diminished. The low FIX level 
rarely cause bleeding. Decreased antithrombin (ATIII) and plasminogen may also 
be observed; these might contribute to the thrombosis occasionally seen in patients 
with nephrotic syndrome.

Clinical manifestations: Since chronic renal-disease related bleeding is most 
often secondary to a platelet dysfunction, the clinical manifestations present as 
mucosal bleeding such as epistaxis, oral bleeding and bruising. Occasionally, gastroin-
testinal bleeding may be encountered.

Diagnosis: The primary bleeding manifestations of chronic renal disease are plate-
let dysfunction and occasionally, a mild thrombocytopenia. The PT and PTT are often 
normal unless FIX and FXII are low. The platelet count may be lower than normal, 
and the fibrinogen level is often elevated and associated with an increased thrombin/
reptilase time. The bleeding time and/or platelet function analyzer (PFA) are often 
elevated. Despite the association of increased bleeding time or PFA with chronic renal 
disease, these tests should not be utilized to predict bleeding risk in surgery or during 
invasive procedures. If a patient has nephrotic syndrome, the laboratory abnormalities 
associated with this condition should be assessed appropriately. In particular, both a 
FIX level and an ATIII level should be performed.

Differential Diagnosis: The differential diagnosis of the bleeding manifesta-
tions and laboratory findings associated with chronic renal disease is fairly straight-
forward. It must be determined whether the acquired platelet dysfunction associated 
with renal disease is due to the disorder, or to a congenital platelet dysfunction. A per-
sonal and family history of bleeding prior to the onset of renal disease will help in this 
differentiation.

management: The primary treatment for bleeding associated with chronic (and 
sometimes acute) renal disease is dialysis. This intervention should be performed 
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prior to any surgery or invasive procedure. The second line of treatment is to main-
tain a RBC mass in a more normal range, aiming for a hematocrit of approximately 
30%. This level can be achieved by RBC transfusions or, more commonly, with the 
use of erythropoietin. This agent, just as with RBC transfusions, can often correct the 
bleeding time and/or PFA in uremic patients. If these two treatment modalities do not 
correct the bleeding manifestations, intravenous or nasal desmopressin (DDAVP) may 
be used. DDAVP asserts its action by initiating the clotting cascade through contact 
pathway activation as well as releasing VWF from both platelets and endothelial cells. 
The agent is also effective in microparticle release from platelets, as well as promot-
ing greater GP IIb/IIIa interaction. The onset of action of DDAVP is between 30 min-
utes and 4 hours after administration. Finally, estrogen may be used in the form of a 
patch, via oral administration or IV, to help correct bleeding manifestations. estrogen 
is thought to exert its action by blocking the effect of nitric oxide in its multiple influ-
ences; both on the blood vessel wall and on platelet activation and aggregation. The 
estrogen peak effect is 6 hours after administration, and may last as long as 14 days. 
Cryoprecipitate has been utilized to correct the platelet dysfunction of uremia, but 
this is less attractive than the previously mentioned modalities due to variability, the 
potential prolonged duration of response and the risk of transfusion adverse events. 
Platelet transfusions have also been utilized in the face of acute bleeding but are only 
transiently effective, as the transfused platelets will become ineffective in the uremic 
recipient.
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Thrombosis is a more common, and potentially fatal, complication of cancer than 
bleeding. Bleeding, which may also be severe and life-threatening, occurs in approxi-
mately 10% of patients with cancer. Liver failure, infection, medications (including 
chemotherapy), radiotherapy, surgery and the malignancy itself may lead to local 
vessel invasion, disseminated intravascular coagulopathy (DIC), or abnormalities in 
platelet function and number. Bleeding manifestations include hematemesis, hema-
tochezia, melena, hemoptysis, hematuria, epistaxis, vaginal bleeding, ulcerated skin 
lesions, echymoses, petechiae and bruising.

Clinical Manifestations:

Platelet Disorders and Thrombocytopenia:

Thrombocytopenia: Thrombocytopenia results from reduced production, increased 
destruction, or sequestration (e.g. from splenomegaly) of platelets, and is the major 
cause of bleeding in untreated cancer patients. Low platelet count in malignancy is 
most frequently encountered as a result of chemotherapy with cytotoxic medications; 
other causes include marrow invasion/infiltration or immune mediated thrombo-
cytopenia (ITP). The extent and severity of thrombocytopenia secondary to chemo-
therapy depends upon the agent administered. Significant replacement of the marrow 
by tumor cells may occur in leukemia or in advanced metastatic disease. ITP is most 
commonly seen in association with lymphoid malignancies (especially chronic lym-
phoid leukemia), or with lung, breast and testicular cancers. The overall frequency of 
this complication in lymphoma is 0.4–1%, and may either precede the diagnosis or 
present after therapy is initiated. Of note, fever, infection, mucosal damage, prior radi-
otherapy and intensive chemotherapy may increase the risk of bleeding.

Platelet Dysfunction: Reduced platelet adhesion, aggregation abnormalities, poor 
clot retraction and storage-pool defects result in platelet dysfunction. Platelet dysfunc-
tion is observed in patients with chronic myeloproliferative disorders (e.g. essential 
thrombocythemia, polycythemia vera, and myelodysplasia), as well as in some patients 
with acute leukemias. In most malignancies, thrombocytopenia is usually the more 
significant cause of bleeding compared to platelet dysfunction. However, in myelopro-
liferative disorders, bleeding rather than thrombosis may occur with an elevated plate-
let count, due its association with acquired von Willebrand syndrome (AVWS).

Dysproteinemia leads to qualitative platelet abnormalities usually as a result of par-
aproteins coating the platelets. Platelet dysfunction or thrombocytopenia is observed 
frequently: in 15% of patients with IgG myeloma, 38% with IgA myeloma and 60% 
with Waldenstroms macroglobulinemia.
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Coagulation Abnormalities:

Disseminated Intravascular Coagulopathy: DIC, a consumptive coagulopa-
thy, is an infrequent cause of bleeding in cancer patients, with the exception of its 
association with tumor lysis syndrome, certain medications, and acute myeloid leukemia– 
especially monocytic (M4/M5) and promyelocytic leukemia (APL). DIC can be associated 
with fibrinolysis, especially with APL, which can increase the risk of bleeding. Subclinical 
DIC (termed compensated DIC) results in laboratory abnormalities of fibrinolysis (elevated 
FDP and D-dimer) without prolongation of the prothrombin time (PT) or partial throm-
boplastin time (PTT) or depressed fibrinogen. This finding is seen frequently in untreated 
cancer patients (50%), and in 90% of patients with metastatic disease. Laboratory 
evidence of intravascular coagulation activation includes elevated levels of fibrinopep-
tide A, prothrombin F12, thrombin–antithrombin complexes, fibrin monomers and  
D-dimers. The most commonly recognized laboratory hallmarks of DIC are thrombocy-
topenia, hypofibrinogenemia, and a prolonged PTT and PT (see Chapter 140).

Acquired Inhibitors: Acquired hemophilia is a potentially severe hemorrhagic dis-
order secondary to autoantibodies against various clotting factors (usually FVIII). 
In a recent survey in the UK, approximately 15% of acquired FVIII antibodies were 
found in cancer patients and the associated bleeding manifestations appear more 
common and severe in cancer patients than in non-cancer patients. Other autoanti-
bodies include those to Factor V and von Willebrand Factor (VWF), or heparin-like 
substances released by cancer cells. These inhibitors are rare, but may cause severe 
hemorrhage. AVWS has been reported in association with myeloproliferative and lym-
phoproliferative disorders, as well as in Wilms’ tumor (see Chapter 89).

Medications: Most chemotherapeutic agents, through their myelosuppressive action, 
cause thrombocytopenia and bleeding. Chemotherapeutic agents may also affect coagu-
lation and fibrinolytic activity.

L-asparaginase: This agent is utilized in the treatment of acute lymphoblastic leuke-
mia (ALL) and acts on the amino acid L-asparagine, which is essential for leukemic 
cell growth. During treatment, there is an increased risk of both bleeding and clotting, 
although the overall incidence of bleeding complications is low. This prothrombotic 
tendency increases following the cessation of L-asparaginase therapy, since the recov-
ery of the coagulant proteins (fibrinogen and Factor VII) and the platelet count occurs 
earlier than that of the anticoagulant proteins. This recovery is not necessarily related 
to the half-life of the proteins. Additionally, lower antithrombin levels are seen in com-
parison to the clotting proteins, and this imbalance also tends to make patients more 
hypercoaguable.

Diagnosis: A complete blood count (especially the platelet count), PTT, PT, fibrino-
gen, and fibrin degradation products or D-dimer tests are important to assess in can-
cer patients presenting with bleeding. Peripheral blood smear review is imperative in 
determining whether there is evidence of thrombotic microangiopathy (specifically 
the presence of schistocytes).
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Management: When cancer-related bleeding occurs, correction of thrombocyto-
penia with platelet transfusions, treatment of a prolonged PT and PTT with plasma 
products, correction of hypofibrinogenemia with cryoprecipitate, and correction of 
anemia with red blood cells may be required. Reduced response to platelet transfu-
sions may be associated with infection, fever, DIC, splenomegaly, bleeding and medi-
cations (including heparin and antibiotics). Treating the underlying malignancy 
(particularly in DIC caused by acute leukemias) is essential to correction of the DIC. 
Treatment options for DIC, ITP and other coagulopathies are discussed in alternate 
chapters in this book.
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Disseminated Intravascular Coagulopathy
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C H A p T E r  110
Disseminated intravascular coagulopathy (DIC) is “an acquired syndrome charac-
terized by the intravascular activation of coagulation with loss of localization arising 
from different causes. It can originate from and cause damage to the microvasculature, 
which if sufficiently severe, can produce organ dysfunction” (International Society of 
Thrombosis and Hemostasis [ISTH]). The clinical severity of DIC varies such that 
DIC may result in laboratory abnormalities only, or in hemorrhage or thrombosis. 
Hemorrhage, which is secondary to the consumption of coagulation factors and fibri-
nolysis, is a more common manifestation in 70–90% of patients. Thrombosis, which is 
secondary to activation of coagulation factors and platelet activation resulting in both 
microvascular thrombosis and large-vessel thrombosis, is less common, occurring in 
10–40% of patients. The treatment is focused on treating the underlying disease and 
on replacement of coagulation factors by blood product transfusion.

Pathophysiology: During normal hemostasis, three major components of the 
coagulation system – vascular integrity, normal quantity and function of coagulation 
factors, and normal platelet count and function – are coordinated to result in the deli-
cate balance between bleeding (anticoagulation) and clotting (procoagulation). When 
this balance is disrupted, DIC can occur. The most common causes of DIC are endo-
toxin generated (e.g. sepsis); other causes include trauma, burns, obstetrical compli-
cations, vascular malformations, envenomations or exposure to malignant cells. The 
complications of DIC include bleeding and end-organ failure, due primarily to micro-
thrombi (renal, respiratory, hepatic and CNS). During DIC, a generalized activation of 
the coagulation system leads to thrombin generation. Fibrin formation and fibrinoly-
sis can then result in microthrombi and consumption of clotting factors and platelets. 
Excessive or prolonged tissue factor (TF) exposure leading to thrombin production is 
the usual triggering mechanism. In normal coagulation, exposure of TF leads to rapid 
induction of tissue factor pathway inhibitor, which then downregulates thrombin for-
mation by feedback inhibition. In the setting of DIC, however, continued thrombin 
generation can occur due to new or ongoing TF exposure from an inciting process 
such as sepsis/trauma or activation of the intrinsic pathway of coagulation, leading 
to secondary thrombin generation. Exposure of negatively charged phospholipid sur-
faces, which occurs during cell membrane phosphatidylserine externalization, may 
also play a role in sustaining thrombin generation. This phospholipid switching occurs 
during activation or apoptosis of platelets, and allows for a readily available surface for 
ongoing coagulation. The generation of platelet microparticles from cell damage may 
also provide a surface for sustaining thrombin generation. Additionally, consumption 
of endogenous anticoagulant proteins, such as protein C, protein S and antithrombin, 
can contribute to coagulation disarray.
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Clinical Manifestations: patients with DIC manifest a heterogeneous presen-
tation based upon the inciting incident. The most common manifestations include 
hemorrhage, renal dysfunction, hepatic dysfunction, respiratory dysfunction, shock 
and CNS dysfunction. Dermatologic signs may include petechiae, purpura and skin 
necrosis. Overt signs and symptoms of thrombosis may also be present.

Diagnosis: The diagnosis of DIC is made by a combination of clinical circum-
stances and laboratory evaluations. Diagnosis can be aided by utilizing a five-step 
algorithm developed by the ISTH (Figure 110.1). This scoring system was designed 
to assist in diagnosis and to be utilized as a reference standard. Since its inception, it 
has proven both sensitive and specific for the diagnosis of overt DIC, and increasing 
scores strongly correlate with patient mortality.

Order coagulation tests
• Platelet count
• Prothrombin time
• Fibrinogen
• Fibrin monomers or degradation
 products 

Do not continue
with algorithm

no

Score coagulation tests

• Platelet count 
o �100,000/�l � 0; �100,000/�l � 1; �50,000/�l � 2

• Prothrombin time prolongation
o  �3 s � 0; �3–6 s � 1; � 6 s � 2

• Fibrinogen  
o  �100 mg/dl � 0; �100 mg/dl � 1

• Fibrin monomers or degradation products
o No increase � 0; moderate increase � 2, strong

increase � 3  

Compatible with overt DIC,
repeat scoring daily

Suggestive not affirmative for non-
overt DIC, repeat next 1–2 days

yes  

Does the patient have an underlying disorder known to
be associated with overt DIC?

�5 �5

Figure 110.1 Diagnostic algorithm for the diagnosis of DIC.
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The complete blood count is used to assess platelet number and the degree of ane-
mia associated with the underlying illness. The peripheral smear will show evidence of 
thrombotic microangiopathy (schistocytes, thrombocytopenia and anemia). The acti-
vated partial thromboplastin time (pTT) is an in vitro measurement of the intrinsic 
pathway. It is prolonged in deficiencies of Factors XII, XI, IX, VIII, prekallikrein and 
high molecular weight kininogen (low levels of Factors XI, IX and VIII are associated 
with increased bleeding). The prothrombin time (pT) is an in vitro measurement of 
the extrinsic pathway. It is prolonged in DIC due to deficiencies of Factors X, VII, V, 
II (prothrombin) and I (fibrinogen). Factor levels below 20% and or pT more than 
3 seconds over normal are more likely to be associated with bleeding complications. 
Fibrinogen is the most abundant clotting protein. Levels below 150 mg/dl are typically 
the result of consumption (DIC)  decreased production (liver failure). Levels less 
than 100 mg/dl significantly increase the risk of bleeding. The thrombin time meas-
ures the time to conversion of fibrinogen to fibrin. Decreased concentrations of fibrin-
ogen, decreased clearance of fibrin degradation products and the presence of heparin 
prolong the thrombin time. Fibrin degradation products are elevated during DIC, 
and are formed when fibrinogen and non-cross-linked fibrin are degraded by plasmin.  
D-dimers are a result of plasmin breakdown of cross-linked fibrin (excessive thrombin 
activation), and are elevated in the circulation during ongoing intravascular clotting. 
Levels of the endogenous coagulation inhibitor antithrombin are typically decreased 
in DIC. Levels less than 80% may be associated with thrombosis. The euglobulin clot 
lysis time screens for excessive fibrinolysis. Shortened lysis times are common in DIC, 
and may indicate hyperfibrinolysis (see Chapter 140).

Differential Diagnosis: Liver failure and severe vitamin K deficiency can mimic 
DIC. To distinguish between liver disease and vitamin K deficiency, it is helpful to 
measure Factor V and Factor VII levels. In liver disease both factors will be decreased, 
but in vitamin K deficiency only Factor VII will be low. As compared to DIC, neither 
is typically associated with severe reduction of fibrinogen. Thrombotic thrombocyto-
penic purpura and hemolytic uremic syndrome manifest are also thrombotic micro-
angiopathies, but rarely show evidence of consumption of clotting proteins.

Management: The goal of DIC management is identification and appropri-
ate treatment of the inciting process. Thereafter management should be guided by 
physical findings and laboratory assessment, with the goal of treatment to assist and  
maximize circulatory support and oxygen delivery while replacing consumed coagula-
tion components. Table 110.1 shows potential treatment options.

Platelet and Plasma Support: There are no clinical trials on which to base guide-
lines for platelet therapy in the setting of DIC. It has even been suggested that plate-
let transfusions may feed the fire by providing a phospholipid surface for ongoing 
thrombin generation. In the absence of scientific evidence, however, typically a plate-
let count greater than 20,000/l in the presence of mild bleeding and 50,000/l in 
the setting of active bleeding is suggested.

The role of plasma replacement in DIC has been studied in one small randomized 
controlled trial in neonates. In that study, plasma and platelet therapy did not show 
a survival advantage over no therapy or exchange transfusion. Infusion of plasma 



592� Amy�L.�Dunn,�MD
Table 110.1 Treatment Options for DIC

Product Dose indication

antithrombin (desired aT level %  baseline  
   aT level %)  body weight (kg) 

divided by 1.4% units/kg

Reduced antithrombin levels

aminocaproic acid 100 mg/kg orally every 6 hours Increased fibrinolysis (use  
   cautiously in the setting of 

hematuria)
33.3 mg/kg per hour IV

Cryoprecipitate adult: 10 units Decreased fibrinogen
Pediatric: 1 unit per 10 kg IV

Heparin 500 IU/h (no loading dose) DIC with evidence of ongoing  
   thrombin generation 

unresponsive to conventional 
measures.

5–10 IU/kg per hour

Plasma products adult: 4 units 
Pediatric: 15–20 ml/kg

Decreased fibrinogen and clotting  
  factors

Platelet products adult: 1 apheresis product equivalent Thrombocytopenia
Pediatric: 10–15 ml/kg

Protein C 
concentrate

24 mg/kg per hour for 96 hours adult patients with severe sepsis at  
  high risk of death

products or cryoprecipitate (in the setting of severe hypofibrinogenemia) should be 
considered in the setting of bleeding associated with low fibrinogen levels; however, 
there is currently no evidence for prophylactic use of plasma support in the absence 
of bleeding. The goal of fibrinogen replacement is to maintain levels 100 mg/dl to 
prevent or treat bleeding. The use of recombinant Factor VIIa as a means to enhance 
thrombin generation to treat refractory bleeding in the setting of DIC has been uti-
lized in small numbers of patients with some success. However, randomized trials will 
be required prior to recommending or optimizing its use in the setting of DIC.

Anticoagulant Pathway Therapy: Depletion of anticoagulant proteins such as 
protein C, protein S and antithrombin has been postulated to play a role in sustain-
ing DIC, and therefore replacement of these proteins has been explored as a thera-
peutic option. Over the past decade evidence has been slowly mounting to support 
this approach. Activated protein C concentrates (ApC) have been utilized effectively 
in treating purpura fulminans in neonates with homozygous protein C deficiency. 
Several pilot studies have suggested efficacy in the setting of DIC as well. Subsequently, 
in a large randomized controlled trial, adult patients were treated with continuous 
infusion ApC concentrates for 96 hours upon presentation with DIC. This study dem-
onstrated decreased overall mortality at 28 days compared to controls; however, there 
was a trend toward higher bleeding rates in the treated arm. patients at highest risk of 
death showed the most benefit. Additionally, patients in the treatment arm exhibited 
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lower inflammatory markers, thought to be due to the anti-inflammatory activity of 
ApC. Further studies have failed to show a benefit of this therapy in pediatric patients 
or in adult patients with DIC who were not considered to be at high risk of death. 
Further studies will help to define the role of this agent.

Antithrombin (AT) concentrates have also been shown, in animal models of sep-
sis, to improve coagulation and improve survival rates. They have subsequently been 
utilized in several small human randomized controlled trials. In adult patients with 
severe sepsis and DIC, two of three trials showed a beneficial effect of antithrombin 
on 28- to 30-day mortality of all causes. The remaining trial showed no survival dif-
ference. There is no clear advantage to achieving supranormal levels of antithrombin. 
Additional trials are needed to define clearly the indications and dosing strategies.

Anticoagulants: If the balance of coagulation in a particular patient is tipped 
toward thrombosis, with evidence of microvascular or large-vessel thrombosis, low-
dose continuous infusion heparin can be considered at a dose of 500 IU/hour in 
adults or 5–10 U/kg per hour in children if hemorrhage cannot be controlled by factor 
replacement alone. The theory behind the use of heparin in this setting is that it can 
interrupt coagulation activation; however, to date no well-designed randomized con-
trolled trial has demonstrated the efficacy of this approach.

Antifibrinolytic Therapy: primary systemic fibrinolysis can occur in patients with 
DIC, particularly in the setting of acute promyelocytic leukemia. This can be recog-
nized by an abnormally short euglobulin clot lysis time (ELT), and an antifibrinolytic 
agent such as aminocaproic acid may need to be added to control bleeding. Suggested 
dosing and indications for all of the above agents are included in Table 110.1.
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C h A p T e r  111
Acquired coagulation factor inhibitors are autoantibodies directed against native 
clotting factor in persons without an underlying bleeding disorder. Although rare, 
these disorders can result in life-threatening hemorrhage which can be difficult to 
manage. Inhibitors to the following factors will be discussed: Factor VIII (FVIII), von 
Willebrand Factor (VWF), Factor V (FV), prothrombin and thrombin.

Inhibitors of FVIII:

Pathophysiology:  FVIII inhibitors are autoantibodies that bind to native FVIII in 
a person without congenital hemophilia. Antibody binding leads to apparent FVIII 
deficiency. The incidence is 1.48 per million person years, although this rate increases 
with age. In those over the age of 85, the incidence is 14.66 per million person years; in 
those under the age of 16 it is only 0.0045 per million person years. In approximately  
40–50% of cases, the acquisition of the FVIII inhibitor is related to an underlying con-
dition (Table 111.1). The association between FVIII inhibitor and underlying disorder 
decreases with age. In a large observational study, an acquired inhibitor was secondary 
to an associated condition in all patients aged less than 40 years but in only 25% of 
those aged over 85.

Table 111.1 Underlying Disorder in Patients 
with FVIII Inhibitors

Disorder Frequency

autoimmune disorders: Sle, rheumatoid 
arthritis, polymyalgia rheumatica

17%

Malignancy: lung, GI, prostate 15%

Dermatological: psoriasis, pemphigoid 3%

Pregnancy 2%

pregnancy-associated FVIII inhibitor development is discussed in Chapter 103.

Clinical Manifestations: The severity of bleeding is quite variable. Approximately 
one-third of patients will have only minor bleeding that does not require any treat-
ment. The most common sites of bleeding include the subcutaneous tissue, muscle, 
gastrointestinal tract and genitourinary tract. In contrast to congenital hemophilia A, 
hemarthroses are rare.
595
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Approximately one-third of patients with an acquired FVIII inhibitor have sponta-
neous resolution; however, this may not occur until greater than 1 year (range 10–21 
months) after diagnosis. In one report, fatal bleeding occurred in 9–22% of patients 
at a median of 19 days after diagnosis, but it can occur months later. There are no 
parameters that are known to be predictive of inhibitor resolution or fatal bleeding. In 
retrospective series, the inhibitor titer in those with fatal hemorrhage was identical to 
that in those who did not require any hemostatic therapy.

Diagnosis: These patients have a prolonged pTT, with a normal pT and thrombin 
time. Factor VIII, IX and XI activity assays typically demonstrate a markedly reduced 
FVIII activity level, and other clotting factor activities will be normal. On rare occa-
sions a lupus inhibitor may coexist with a FVIII inhibitor and lead to alterations in 
other clotting assays. An inhibitor to FVIII, detected using the Bethesda assay (see 
Chapter 128), will be present. Because of type 2 inhibitor kinetics, some patients may 
have residual FVIII activity despite a disproportionately high inhibitor titer.

Management: Two major aspects of management of acquired FVIII inhibitors 
include treatment of acute bleeding, and eradication of the inhibitor.

Hemostatic Treatment: Minor bleeding such as ecchymoses or epistaxis that are 
self-limited do not require active treatment, although close monitoring and follow-up 
is necessary. For bleeding requiring treatment, several options are available: DDAVp, 
FVIII infusions and bypassing agents (recombinant Factor VIIa [rFVIIa] and apCC 
[such as FeIBA]) (Table 111.2). DDAVp is most effective when FVIII activity is 5%. 
The effect of DDAVp decreases with subsequent dosing, and thus its use is limited to 
bleeding that requires a short duration of therapy. Additionally, the half-life of the 
released FVIII will be shortened secondary to binding of the inhibitory antibody, but 
the exact duration is variable from patient to patient.

Table 111.2 Treatment Options for acquired FVIII Inhibitors

Dose Patient 
population

Duration of 
response

Monitoring Potential 
side-effects

DDaVP 0.3 g/kg FVIII  5% Variable FVIII activity Hyponatremia, 
seizures

FVIII 100 U/kg or 20 U/kg 
for each bethesda 
titer  40 U/kg

Inhibitor titer 
 5–10 bU/ml

Variable FVIII activity

rFVIIa 70–90 g/kg all 2–3 hours None Thrombosis

aPCC 75–100 U/kg all 8–12 hours None Thrombosis

Infusion of FVIII can be utilized when the inhibitor titer is 5 BU/ml and perhaps 
up to 10 BU/ml. regardless of the initial dose, FVIII activity should be measured 15–30 
minutes after the bolus. Since the half-life of the factor will be reduced, levels should  
be monitored carefully to determine the dosing interval. Alternatively, a continuous 
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infusion could be started at a dose of 8 U/kg per hour and adjusted to achieve the tar-
geted FVIII activity (80–100% for severe, limb- or life-threatening bleeding).

When the inhibitor titer is 5–10 BU/ml a bypassing agent should be used, either 
rFVIIa or apCCs. rFVIIa (see Chapter 147) has been FDA approved for use in patients 
with acquired FVIII inhibitors, and is effective or partially effective in approximately 
75% of bleeding episodes. Thrombotic events are uncommon but have been reported, 
and may be more likely in elderly populations who also have underlying vascular dis-
ease. There is no available laboratory testing to monitor efficacy or toxicity. The dose and 
frequency of dose should be adjusted to the clinical severity and the patient’s response.

apCC is not FDA approved for use in patients with acquired inhibitors, although it 
is routinely used in patients with congenital hemophilia complicated by an inhibitor. 
apCC carries a risk of thrombosis similar to rFVIIa. There are no laboratory tests to 
monitor efficacy. Laboratory parameters of DIC (see Chapter 140) should be moni-
tored if therapy is given for more than 5 days. The dose and frequency should be 
adjusted to the clinical severity and the patient’s response.

The duration of therapy will be determined by bleeding severity and the risk of tox-
icity secondary to hemostatic therapy. With severe bleeds, hemostatic therapy should 
continue for at least several doses beyond the cessation of bleeding.

Eradication of the Inhibitor: Because of the inability to predict who may have a 
fatal hemorrhage or who will spontaneously remit, immune suppression should be 
considered in all patients. primary treatment options include corticosteroids, cyclo-
phosphamide and rituximab. Corticosteroids (prednisone 1 mg/kg per day), should 
be apart of the initial therapy. Cyclophosphamide (oral or intravenous) can be used in 
combination with coticosteroids initially, or following several weeks of corticosteroid 
monotherapy if an adequate response is not seen. pulse intravenous cyclophosphamide 
(500–750 mg/m2) given every 4 weeks will lead to less bladder exposure to acrolein and 
therefore a lower risk of hemorrhagic cystitis than with oral cyclophosphamide. In clin-
ical practice, pulse intravenous dosing of cyclophosphamide has been safe and effective. 
If oral cyclophosphamide is utilized, a daily dose of 1–2 mg/kg is recommended.

rituximab has been used in the setting of FVIII inhibitor eradication as well. In 
one series of 10 subjects who received rituximab alone, 8 of 10 responded. In those 
that responded, the inhibitor became undetectable within 3–12 weeks. Thus, some 
postulate that rituximab may facilitate a more rapid disappearance of the inhibitor; 
however, comparative studies are lacking. After 28.5 months of follow-up, 3 of the 8 
initial responders had relapsed.

Intravenous immunoglobulin (IVIG) has been considered a part of early therapy; 
however clinical studies have not demonstrated a level of positive response that sup-
ports its up front use.

An overall approach to inhibitor eradication in those with an acquired FVIII 
inhibitor would include corticosteroids as a first-line approach in all patients. 
Cyclophosphamide and/or rituximab can be added to corticosteroids as first-line 
therapy in those with little reserve to tolerate additional bleeding, or who are at high 
risk for complications related to hemostatic therapy. Additionally, rituximab or cyclo-
phosphamide may be used as second-line therapy in those that have failed to respond 
to corticosteroids alone after 3–4 weeks.
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Inhibitors of VWF:

Pathophysiology: The exact incidence and prevalence of acquired von Willebrand 
syndrome (AVWS) is unknown. Kumar and colleagues estimated, based on a retro-
spective review, that 0.049% of the population has AVWS. Although AVWS can occur 
by mechanisms other than an antibody-mediated inhibition of VWF activity (Table 
111.3), this section will focus on antibody-mediated mechanisms. Lymphoproliferative 
disorders and monoclonal gammopathy of undetermined significance (MGUS) are 
associated with nearly half of all AVWS.

Table 111.3 Diseases associated with aVWS

Mechanisms of AVWS Associated disease(s)

antibodies lymphoproliferative 
 disorders/MGUS

Inhibition of VWF function

Non-specific binding leading to 
 clearance of VWF

Myeloproliferative 
 disorders

adsorption on malignant cells Cardiac disease  (VSD/aS)

Proteolysis

Decreased production Hypothyroidism

VWF, von Willebrand Factor; VSD, ventricular septal defect; AS, aortic 
stenosis.

Clinical  Manifestations: AVWS typically manifests similarly to congenital von 
Willenbrand disease (VWD) (see Chapter 95), with mucocutaneous or post-surgical 
bleeding. however, one-fourth of patients may be asymptomatic. In contrast to con-
genital VWD, patients with AVWS will have previously normal hemostasis without a 
personal or family history of abnormal bleeding.

Diagnosis: Testing for AVWS is similar to that for congenital VWD, and includes meas-
urement of von Willebrand Factor (VWF) activity, VWF antigen, FVIII assay, and mul-
timer analysis. A type 2 VWD pattern with discordance of the VWF activity and antigen 
is most commonly seen (activity : antigen ratio 0.6). Multimer analysis may demon-
strate the loss of large molecular weight multimers in 50–80% of cases (see Chapter 124).

Detection of an inhibitor can be attempted by performing a VWF activity assay 
after mixing the patient’s plasma with equal parts of normal pooled plasma (Npp). 
Unfortunately, this method will only detect antibodies that directly affect the function 
of the assay used. Because of these limitations, testing for an inhibitor is rarely posi-
tive, but is slightly more likely to occur in the setting of lymphoproliferative disorders, 
neoplasia and immunological disease (approximately 30% of these cases).

Management: As with other autoimmune coagulation defects, the two major 
components of treatment include hemostatic therapy for acute bleeds and antibody 
eradication.
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Hemostatic Therapy: DDAVp and a FVIII concentrate rich with VWF, such as 
humate p or Alphanate (see Chapter 144), are the primary treatments. Both DDAVp 
and VWF-containing products are effective in one-third of patients. however, since the 
recovery and half-life of individual patient response may be reduced, careful monitor-
ing is required. The choice of agent will depend on baseline VWF activity, anticipated 
duration of therapy, and ability to tolerate the potential side-effects of DDAVp. DDAVp 
is preferred over a VWF product in the setting of (1) mildly reduced VWF activity, (2) 
therapy that is anticipated to be of 3 days’ duration or less, or (3) the patient not having 
uncontrolled hypertension or cardiovascular disease. Antifibrinolytic therapies such as 
aminocaproic acid or tranexamic acid may also be used as adjunctive therapies in the 
setting of mucocutaneous bleeding.

Antibody Eradication: In the setting of an associated condition for which therapy 
exists, treatment of the underlying condition is the most appropriate route for antibody 
eradication. If adequate treatment for the underlying disease is not available, or a quick 
response to therapy is not anticipated, IVIG or plasma exchange may be considered. 
IVIG has been utilized in patients with AVWS and has been reported to be effective 
in approximately one-third of patients, although responses were more frequent in the 
setting of lymphoproliferative disorders, MGUS, neoplasia and immunological dis-
eases. plasma exchange has been used infrequently, and is effective in only about 20% 
of reported cases.

An overall approach to the treatment of AVWS suspected to be secondary to an 
autoantibody is to treat acute bleeding with DDAVp or a VWF-containing product 
and monitor response. If the response is inadequate, the addition of IVIG (typically 
2 g/kg infused in divided doses daily over 2–5 days) can be considered, since IVIG 
may improve the recovery and half-life of the VWF-containing product in addition to 
potentially improving the patient’s native VWF antigen level and activity. Treatment 
should also be directed at eliminating the underlying disease, when applicable.

Inhibitors of FV: The development of an anti-FV inhibitor is rare. It may occur in 
association with the use of topical bovine thrombin, aminoglycosides and malignancy. 
patients may develop an immune response to bovine thrombin after use in cardiovascu-
lar surgery; these antibodies cross-react to human thrombin as well as FV. patients may 
be asymptomatic, or display severe bleeding weeks after the exposure. Anti-FV inhibi-
tory antibodies should be suspected in the setting of abnormal bleeding with a newly 
prolonged pT and pTT but normal thrombin time. The pT and pTT will fail to correct 
on mixing with normal pooled plasma, and the FV activity will be low. An inhibitor 
titer can be measured utilizing the Bethesda assay. plasma and platelet (FV is contained 
within platelet -granules) products can be used to support hemostasis. Since the 
inhibitor is typically short-lived, immunosuppressive therapy is not warranted.

Inhibitors of Prothrombin and Thrombin: Antibodies that bind thrombin 
may occur after exposure to bovine thrombin. Not all antibodies will inhibit the 
function of thrombin. Antibodies that neutralize the function of thrombin will lead 
to prolongation of the pT, pTT and thrombin time. prolongation of the thrombin 
time helps to distinguish inhibitors to thrombin from those directed against FV and 
prothrombin.
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Anti-prothrombin antibodies occur most commonly in association with antiphos-
pholipid antibody syndrome (see Chapter 94). Although antiprothrombin antibodies 
have been purported to be associated with lupus anticoagulant activity and a pro-
thrombotic state, rarely these antibodies lead to increased clearance of prothrombin 
resulting in a bleeding diathesis. On laboratory testing, both the pT and pTT will be 
prolonged and Factor II activity will be reduced. The thrombin time will be unaffected.
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The laboratory analysis of in vitro coagulation function can be, in itself, a fairly 
complicated task. even more daunting is the ultimate goal of predicting the capacities 
and tendencies of hemostasis and thrombosis in the patient, based upon extrapolation 
from in vitro data. The intrinsic difficulties are due, at least in part, to the fact that  
regulation of coagulation is a function of the coordinated interaction of blood phase 
proteins, circulating cells, cells of the vasculature, and extracellular matrix proteins in 
the vessel wall. The clinical labs are restricted to the analysis of what can be obtained 
from a blood sample. Such sampling provides a fair measure of soluble circulat-
ing coagulation proteins, a reasonable sampling of circulating cells, and very poor or 
absent sampling of vascular elements.

In addition to the above limitations in sampling, coagulation testing is further 
compromised by the necessity of a highly artificial testing environment (i.e. in vitro 
conditions). For example, analysis of specimens in a static silicate tube at room tem-
perature and in the absence of the vasculature is a poor approximation of dynamic 
intravascular blood circulation over living endothelium and exposed extracellular 
matrix. Coagulation testing is further affected by the intrinsically labile nature of the 
analytes being studied. Many of the soluble plasma factors are proteases that have 
evolved specifically to destroy other members of the same process being analyzed. 
Similarly, platelets are intrinsically unstable cells, which can rapidly activate, degranu-
late and/or die during storage.

additional challenges are presented by historical difficulties in standardizing the 
reagents and methods utilized in coagulation testing. reagents can differ substan-
tially depending upon source, or even from the same source over time. In the case 
of the prothrombin time (PT), the international normalization ratio (INr) has been 
implemented to minimize lab-to-lab variation with regard to warfarin monitoring. 
however, such stringent normalization has not been applied to many of the other  
systems used in coagulation laboratory medicine.

Listing the above difficulties in coagulation testing is not to imply in any way that 
coagulation testing is not medically meaningful. In contrast, it can be essential to the 
diagnosis and management of a variety of hemophilias, thrombophilias and more 
complicated coagulopathic states. Moreover, with time, sophistication of labora-
tory methods and understanding of human coagulation medicine has begun to solve  
several of the aforementioned problems. For example, while direct sampling of patient 
endothelium is certainly not appropriate, it is now possible to screen for certain 
genetic traits that are known to correlate with endothelial dysfunction regarding coag-
ulation and hemostasis. Moreover, increased sophistication of measuring coagulation 
parameters in whole blood has helped to decrease some of the artificial components 
of in vitro testing. The development of peptide substrates with colormetric readouts 
has helped to allow direct measurement of factor activity and decreased interference at 
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different points in the coagulation cascade. Interference by confounding variables has 
been further decreased by the progressive development and implementation of anti-
body-based assays that measure the amount of protein based upon immunoreactivity. 
Finally, the identification of genetic polymorphisms that are associated with defects 
in coagulation has contributed to diagnosis of coagulopathy in assays independent of 
biological activity.

although there are still many problems to solve in the development of comprehensive  
laboratory diagnosis and management of coagulation, the above advances and 
ongoing innovation along these lines is greatly improving laboratory analysis of  
coagulation medicine. Of course, great caution must be taken to require evidence-
based criteria (whenever possible) when altering medical management based upon 
novel testing methodologies. Given the complexities of coagulation medicine, per-
haps more than in many other fields, what seems “logical” based upon our current 
understanding can turn out not to have diagnostic validity. For example, the ration-
ale behind the bleeding time test is that if attempting to predict how a patient will 
respond to surgery, then a controlled incision would be a good test for hemostasis. 
however, it is now established that the bleeding time test has little to no predictive 
value in screening for increased risk of intraoperative bleeding, in patients without 
other indications of bleeding tendencies. Thus, careful attention must be paid to the 
rapidly evolving literature in this dynamic field, and stringent criteria must be applied 
to the diagnostic validity of new and existing methodologies.

Analysis of Proteins Involved in Coagulation:

Measurement of Activity: Traditionally, coagulation-based tests have consisted of 
biological assays that measure functions associated with clotting. at the most primi-
tive and rudimentary level, coagulation assays simply consist of drawing blood and 
watching it clot. Chelating out the calcium and initiating the clot under control-
led conditions in the lab using re-calcification plus initiators of clotting (e.g. PT and  
activated partial thromboplastin time [PTT]) allows a more standardized approach, 
and clotting has been measured in a number of different ways, such as via visualization,  
light absorption and mechanical impedance. as the technology has developed, more 
controlled and sophisticated methodologies have been incorporated to measure spe-
cific factors and factor inhibitors by using factor-deficient plasma and mixing studies; 
however, numerous points of interference and obfuscation persist due to the reliance 
upon the coordinated interaction of multiple clotting factors in addition to the par-
ticular substance being studied. This latter difficulty has in some ways been reduced 
by using chromogenic peptide (amidolytic) substrates, which allow the activity deter-
mination of a single factor in an assay that does not depend on all of the other fac-
tors being present and functional. however, amidolytic substrates introduce their own 
potential artifacts. Peptide substrates are much smaller than the natural substrate, 
resulting in two main changes:

1. The enzyme being studied may require a binding site on the natural substrate, in 
addition to the enzymatic target. as the peptide may be cleaved without the require-
ment for such binding sites, the enzymatic activity being studied may occur for the 
peptide but would not occur for the natural substrate.
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2. antibody inhibitors may bind to an enzyme and block access of the natural sub-
strate through steric hindrance, but a small peptide substrate may be able never-
theless to bypass the inhibitor and slip into the catalytic pocket. In this way the 
peptide-based assay would not detect the inhibitor.

The frequency of these two occurrences is quite low, and they do not substantially 
detract from the significant advance made by amidolytic substrates; nevertheless, such 
potential artifacts must always be considered in the interpretation of peptide substrate 
based assays.

Measurement of Protein: Over the past several decades, laboratory analysis of 
coagulation has been revolutionized by the cloning/identification of proteins involved 
in coagulation, along with the advent of monoclonal antibodies and immunoassays. 
This technology allows the direct measurement of proteins involved in coagulation, 
regardless of their biological activity. Such tools allow the differentiation of type 
I (quantitative) versus type II (qualitative) defects for a number of different factors. 
Moreover, it has allowed the rapid and accurate quantification of factors that have dif-
ficult to measure activities, and for products of coagulation that don’t have an obvious 
natural activity (e.g. fibrin degradation products). as with all systems, antibody-based 
assays have potential pitfalls. For example, false positives can be caused by heterophilic 
antibodies, and false negatives can occur due to prozone effects (in the case of agglu-
tination-based assays) and the hook effect (in the case of some eLISa-based systems). 
Such potential problems must always be considered in the interpretation of such assay 
systems.

Measurement of gene sequence: The relative explosion in genomics informa-
tion and analytic capabilities has allowed for diagnostic analysis of genetic traits as 
opposed to gene products. although complete genomic sequencing has not yet made 
its way to the clinical labs, analysis of specific polymorphisms known to encode for 
defective or altered gene products or gene regulatory elements is now routine prac-
tice. Perhaps most ubiquitous is analysis of polymorphisms associated with throm-
bosis, such as Factor V Leiden and the prothrombin gene mutations. Typically, these 
traits are diagnosed by PCr-based analysis. When run properly, PCr is a robust and 
accurate assay system. however, given its extreme sensitivity, it is important always 
to be mindful of potential false positives due to sample contamination. also, as it is  
an amplification-based technology, the presence of amplification inhibitors must be 
controlled for. however, these caveats notwithstanding, genetic analysis has revo-
lutionized coagulation medicine. The advent of DNa analysis, in combination with 
an expanding database of known functional polymorphisms, promises to extend our 
diagnostic capabilities past the activities that can be measured in blood; indeed, to the 
extent that genetic traits influence the role of endothelium and vascular structure in 
coagulation, this provides a route to allow diagnostic evaluation of in vivo factors not 
previously amenable to analysis.

Analysis of Cellular Biology in Coagulation: Clearly, the platelet has long  
enjoyed a role as the central cellular player in hemostasis. Diagnostic analysis of plate-
let function has traditionally been carried out in large part by aggregometry-based 
assays in which a panel of agonists is added to blood fractions enriched in platelets 
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and aggregation is observed. This approach has been very efficient in diagnosing 
a series of well-defined defects in platelets, such as Bernard-Soulier syndrome and 
Glanzmann’s Thrombasthenia. aggregometry has also been very useful in diagnosing 
von Willebrand disease, in which certain activities and functions of von Willebrand 
Factor can be measured by platelet clumping in response to ristocetin.

Despite the accuracy of aggregometry-based assays in diagnosing a select group of 
defined disorders, perhaps more often than not, aggregometry picks up vague platelet 
dysfunctions that do not fit into a clear pathological category. Defects such as storage 
pool disease and certain granule secretion defects can be detected by aggregometry, 
but may or may not correlate to a functional defect in a patient. Likewise, hyperaggre-
gatable platelets can be detected, but they may or may not correlate to increased risk 
of thrombotic disease.

Flow cytometry based assays have added a higher level of sophistication to the 
diagnostic arsenal. Moreover, in an attempt to minimize the artificial variables intro-
duced during testing, additional methodologies that use less fractionated or even 
whole blood (and under flow conditions) have been devised (such as the platelet func-
tion analyzer and thromboelastography). although such approaches may have some 
advantages, similar to aggregometry, these approaches can detect a large number of 
non-specific defects with unclear clinical significance. Perhaps more importantly, in 
the absence of a patient history or family history of bleeding, these tests have poor 
predictive value regarding the likelihood of a hemostatic defect in a given patient (e.g. 
in a pre-surgery work-up). This is in no way to suggest that platelet analysis should 
not be carried out; on the contrary, it can lead to invaluable information in the setting 
of certain pathologies. however, in many settings, the current methodologies still have 
poor predictive value. Newer and more powerful assay systems are needed, and, as a 
number are in development, careful attention to the evolving literature is required to 
keep abreast of ongoing developments.

Analysis of Therapeutic Interventions: There is an ongoing expansion of our 
understanding of anticoagulation and thrombolysis therapy. We have an increasing  
understanding of the toxicology of anticoagulants (e.g. heparin-induced thrombo-
cytopenia). We likewise have begun to enter an era of pharmacogenomics, such as 
linking genetic polymorphisms in cytochrome P450 to increased metabolism and 
resistance to warfarin. Finally, an expanding number of anticoagulants are increas-
ingly becoming available to the clinician, many of which require distinct approaches 
to monitoring and balancing therapeutic effects. each of these topics is covered in 
subsequent chapters. It is the role of the laboratory to assist in monitoring anticoagu-
lant therapy, in addition to its more traditional role of diagnostics.

Integration of Coagulation Labs with Patient Care: Diagnosis and manage-
ment of coagulation medicine at the laboratory level can be a convoluted and confus-
ing topic. a wide variety of different methodologies is used to generate the data, each 
of which has its own unique susceptibility to artifact. Moreover, perhaps more than 
many other laboratory disciplines, interpretation of coagulation tests must take place 
in an integrated fashion, combining multiple different laboratory parameters with 
clinical history and physical examination. a patient with increased sodium is hyper-
natremic, regardless of the etiology. In contrast, an increasing baseline coagulation  
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with escalating fibrinogen and C4b binding protein can be a normal finding dur-
ing pregnancy, but may indicate a hypercoaguable patient with a substantial risk of 
thrombosis in other settings.

The landscape of coagulation medicine is further complicated by the fact that  
evidence-based data are lacking for many assays of coagulation, especially given the 
rapid pace of development of new systems or modification of existing tests. The labo-
ratory pathologist must be able to integrate multiple analytic systems and communi-
cate these findings to the clinician in the context of the patient presentation. There is 
as much harm to be done in over-interpreting as in under-interpreting the data. While 
diagnosing a thrombophilia may save a patient from a thrombotic event, incorrect 
assignment of a hypercoaguable state may result in a patient unnecessarily receiving 
lifelong warfarin, which in of itself carries a substantial risk for serious bleeding epi-
sodes. The up-to-date coagulation laboratory will pay ongoing attention to evolving 
knowledge concerning what can and cannot be confidently determined with existing 
assays, and critically consider new diagnostic tests as they become available.
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the prothrombin time (Pt) and activated partial thromboplastin time (Ptt) are 
two separate but related in vitro laboratory assays that are used to evaluate a wide 
variety of coagulation factors. Factors involved uniquely in the Ptt are traditionally 
referred to as intrinsic pathway factors, whereas factors unique to the Pt are tradi-
tionally referred to as extrinsic pathway factors. Factors involved in both pathways are 
termed common pathway factors (Figure 113.1).

Many but not all of the factors detected by the Pt and Ptt are essential to main-
taining normal hemostasis. the Pt and Ptt pathways do not directly reflect in vivo 
hemostasis; nevertheless, they represent useful laboratory tests by which the function 
of factors can be measured. Because multiple factors are simultaneously required for 
normal clotting times, the Pt and Ptt are used as general screening tests for coagula-
tion factors.

Prothrombin time: the Pt represents the in vitro analysis of coagulation factors 
in the extrinsic (Factor VII) and common pathways (Factors II, V, X and fibrinogen). 

Figure 113.1 Coagulation cascade. Diagnonal lines indicate activation, vertical lines indicate 
combination with another factor.
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although the Pt will be prolonged by substantial decreases in fibrinogen, it is not sen-
sitive to moderately decreased fibrinogen; thus, a specific fibrinogen assay should be 
run to evaluate fibrinogen levels and function.

indications: the indications for Pt are: 1. assessment of coagulation factor func-
tion in patients being tested for a bleeding disorder, 2. Presurgical assessment of 
baseline coagulation, 3. Monitoring of coagulation during surgical procedures, and  
4. Monitoring of anticoagulation therapy (used extensively to monitor warfarin therapy).

Method: Clotting is initiated by the addition of tissue factor (tF). traditionally, 
homogenized brain tissue was used as the source of tF; however, recombinant puri-
fied tF is used in some modern assay systems. the Pt is determined by measuring 
the amount of time from tF addition to clotting of the sample.

Sources of error:

Falsely prolonged pT: Citrate prevents coagulation by chelating calcium, and is used 
as the anticoagulant when collecting a specimen for Pt. In the controlled setting of 
the laboratory, a fixed amount of calcium is then added back to the specimen so as to 
exceed the capacity of citrate to a degree that restores normal calcium levels – so called 
recalcified plasma. In the event that too little sample is drawn into the coagulation tube 
(i.e. a “short draw”) then there will be a relative excess of citrate to plasma calcium, 
and the calcium added in the lab may not be sufficient to overcome the excess citrate. 
this can lead to an artificially prolonged Pt. Similarly, if the patient is polycythemic 
(hematocrit over 60%) then the relative amount of plasma in a normal volume draw is 
decreased. thus, specimens from polycythemic patients can likewise have a falsely pro-
longed Pt, which may lead to inappropriate administration of procoagulant therapies.

international Standards: the Pt is the predominant laboratory assay used to 
monitor warfarin therapy. however, standardization has traditionally been a prob-
lem, due to intrinsic variability from lab to lab. to remedy this, the International 
Normalized ratio (INr) is used, which calculates a standard value as a function of 
the normal range in a given laboratory and a correction factor determined for each  
batch of reagents. Importantly, the INr is used to standardize anticoagulation in war-
farin-treated patients, and is not designed to assess other coagulopathic states (e.g. 
coagulopathy of hepatic failure).

Activated Partial thromboplastin time: the PPt represents the in vitro anal-
ysis of coagulation factors in the intrinsic (hMWK, prekallikrien, Factors XII, XI, IX 
and VIII) and common pathway factors (Factors II, V, X and fibrinogen). although 
the Ptt, like the Pt, will be prolonged by substantial decreases in fibrinogen, it is not 
sensitive to only moderately decreased fibrinogen; thus, a specific fibrinogen assay 
should be run to evaluate fibrinogen level and function.

indications: the indications for Ptt are: 1. assessment of coagulation factor func-
tion in patients being tested for a bleeding disorder, 2. Presurgical assessment of base-
line coagulation, 3. Monitoring of coagulation during surgical procedures, and 4. 
Monitoring of anticoagulation therapy (used extensively to monitor heparin therapy, 
although a heparin level is preferable to a Ptt in many cases).
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Method: Clotting is initiated by the addition of a source of phospholipid, from which 
tissue factor is absent, and a contact initiator, such as silica. the use of different initia-
tors can lead to different sensitivity to interfering factors or to even factor levels. this 
will vary based upon the assay components, which should be characterized by the 
manufacturer.

Sources of error:

Falsely prolonged pTT:
1. as with the Pt, citrate is used to prevent clotting of the collected specimen and recal-

cified plasma is used to perform the assay. thus, as with the Pt, a short draw of a 
specimen or a high hematocrit can give an artificially prolonged Ptt (see Pt above).

2. the Ptt is very sensitive to the effects of heparin, which is why it is used to moni-
tor heparin therapy. however, this also provides the opportunity for contaminating 
heparin to give a falsely prolonged Ptt. as heparin is used in flushing intravenous 
lines, great care must be taken to avoid drawing a specimen from a line contain-
ing heparin. Likewise, drawing a specimen from a vein downstream of the infusion 
of heparin may result in contamination. additional heparin-like substances (e.g.  
danaproid, etc.) can have a similar effect on Ptt.

3. antiphospholipid antibodies (lupus anticoagulants) prolong the Ptt in vitro, but 
can cause thrombosis in vivo. thus, the presence of an undetected lupus antico-
agulant may lead to the opposite therapeutic maneuver from that which should 
be taken. Lupus anticoagulants should be suspected any time that an isolated pro-
longed Ptt is observed without an alternate explanation.

Interpretation of Pt and Ptt tests:

Prolonged PTT with normal PT: With the exception of a source of error (see 
above), an isolated prolonged Ptt indicates a defect in the activity of one of the 
intrinsic pathway factors. a defect in a common pathway factor is essentially excluded 
due to the normal Pt. the defect can be due to decreased production, which is typi-
cally a congenital deficiency (e.g. hemophilia). Decreased production can also be 
acquired (e.g. hepatic failure); however, in such cases an isolated intrinsic factor defi-
ciency is not observed and either both the Ptt and Pt are prolonged, or the Pt can 
be selectively prolonged in early liver failure (see below). however, acquired decreased 
activity of a specific intrinsic pathway factor can be observed due to an autoantibody 
inhibitor. Distinguishing between a deficiency and an inhibitor can be accomplished 
by using mixing studies. Finally, an isolated prolonged Ptt may indicate the presence 
of a lupus anticoagulant, which is a risk factor for thrombosis.

the clinical significance of an isolated prolonged Ptt is highly variable from 
patient to patient. the reason for this is that whereas defects in Factors VIII, IX or 
XI can lead to profound bleeding problems, defects in Factor XII, hMWK or prekal-
likrein do not lead to problems in hemostasis. an isolated prolonged Ptt can be 
caused due to a deficiency in any of these factors. thus, in the context of an isolated 
prolonged Ptt, specific factor assays should be performed to identify whether a defec-
tive component is likely to be clinically significant. In addition, physical examination 
and clinical history of bleeding are key components in guiding these analyses.
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Prolonged PT with a normal PTT: With the exception of a source of error (see 
above), an isolated prolonged Pt suggests a defect in Factor VII. a defect in a common  
pathway factor is excluded due to the normal Ptt. however, it should be noted that 
Factor VII has a short half-life compared to other coagulation factors. thus, an iso-
lated prolonged Pt may be the early finding in a generalized coagulopathy that leads 
to decreased amounts of multiple factors. In addition, while Factors II and X are 
required for the Ptt as part of the common pathway, higher quantities of Factors II 
and X are required for the Pt. this explains why the Pt is selectively prolonged dur-
ing warfarin therapy or in vitamin K deficient states. thus, an isolated prolonged Pt 
may also reflect vitamin K deficiency or early liver disease.

Prolongation of the PT and PTT: With the exception of a source of error (see 
above), dual prolongation of the Pt and Ptt can indicate a generalized coagulopa-
thy that is affecting both the intrinsic and extrinsic pathways (e.g. liver failure or 
a consumptive coagulopathy). however, this pattern can also be seen in an isolated 
defect of a factor in the common pathway (i.e. Factors X, V or II, or fibrinogen). 
Fibrinogen deficiencies are most common, and can be seen either due to decreased 
levels (hypofibrinogenemia) or due to abnormal fibrinogen that cannot function 
as a normal substrate for thrombin (dysfibrinogenemia). these two latter scenarios 
can be distinguished by performing antigen-based fibrinogen assays in combination 
with a thrombin time (tt) or reptilase assay. It is important to note that because the 
Pt requires higher levels of Factors II and X than does the Ptt, a common factor  
defect (i.e. Factors II or X) may initially show up as a selective prolonged Pt. Massive 
heparin overdose/contamination may also prolong both the Pt and the Ptt. Finally, 
both the Pt and Ptt can be prolonged due to therapeutic use of a direct thrombin 
inhibitor (e.g. argatroban).

Shortening of the PT and PTT: On occasion, patients with a short Pt or Ptt 
will be encountered. the clinical significance of a short Pt is unknown, but may occur 
after use of rFVIIa. however, a short Ptt may indicate the presence of elevated levels 
of Factor VIII. Factor VIII is an acute phase reactant that is induced to high levels by 
inflammation and acute illness. thus, an elevated Factor VIII is common in the set-
ting of a hospitalized patient, and a Ptt may be transiently shortened during illness. 
a persistent elevated Factor VIII, especially in a patient not experiencing inflamma-
tion, is an independent risk factor for thrombosis. Based upon the clinical setting, a 
shortened Ptt may justify an evaluation of Factor VIII levels and assessment for risk 
of thrombosis.
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The platelet count, also described as the quantitative analysis of platelets, is rou-
tinely performed as part of the complete blood count and in the evaluation of bleed-
ing patients or those at risk for bleeding (e.g. preoperatively or in patients undergoing 
chemotherapy). In addition, the platelet count is used to evaluate patients with myelo-
proliferative disorders or thrombosis who may have thrombocytosis.

Methods: Traditionally, manual counting of platelets by microscopy has been the 
gold standard for quantitative assessment of circulating platelets. This can be per-
formed by phase contrast using a hemocytometer, but can also be carried out by 
reviewing the peripheral smear. Although manual counts may still be performed 
routinely in small labs or for confirmation of automated results, the large volume of 
specimens in busy laboratories almost uniformly requires automation. A variety of 
commercially available instruments is available. A general discussion of the method-
ologies and technical issues for different methodologies is presented below.

Electronic impedance aperture: Coulter counters utilize this particular method-
ology, which consists of detecting resistance across two electrodes that are conducting 
a direct current. As a cell passes through the aperture the resistance increases, indi-
cating the detection of a cell, referred to as a counting event. The amplitude of the 
resistance is a function of the size of the cell. As platelets are substantially smaller than 
other cell types, accurate platelet counts can be determined by counting the number 
of events that fall within the size-range of platelets. This method was the first to be 
automated.

Optical and flow-cytometry based methods: A variety of systems take advan-
tage of flow cytometry, adding different parameters, and are sometimes used in com-
bination with impedance technology. In its simplest form, individual particles from a 
blood specimen are pulsed with a laser. Light scatter can be used to give an estimation 
of event size. This technique has been called optical platelet counting. The addition of 
two-dimensional light scatter also allows measurement of the density of a cell using the 
refractive index. Addition of a fluorescent dye that binds nucleic acids allows separation 
of RBcs, reticulocytes and platelets. Finally, additional fine specificity can be provided 
by staining with fluorescent antibodies against platelet-specific antigens (e.g. anti-
cD61 and anti-cD41a). Different instruments utilize distinct combinations of these 
approaches; however, as the measurement parameters for platelets are known for each 
of the above variables, gating on the platelet population is achieved by each approach, 
albeit with different degrees of specificity.

Sources of error: There are three main sources of error in automated platelet 
counting, as described below.
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mistakenly counting a small particle that is not a platelet: Ultimately, each 
of the automated counting techniques uses size as a determining factor in identifying 
a counting event as a platelet. however, there are additional particles in the blood that 
can fall within the size-range of a normal platelet. In some instruments, highly micro-
cytic RBcs may fall within the platelet gate. In addition, if a patient is sufficiently sep-
ticemic, circulating microbes may be counted as platelets. Moreover, during treatment 
of neoplasia or during tissue injury, products of cell lysis, including apoptotic bodies, 
may be mistakenly counted as platelets.

A histogram of the events in the platelet gate is typically generated, and an abnor-
mal distribution will result in a “flag” that an abnormality is present. In addition, the 
more specific the criteria utilized to determine the platelet count, the less likely an 
instrument is to mistake a non-platelet small body as a platelet (e.g. erroneous small 
bodies may be the size of a platelet but have different light side scatter, and would not 
be bound by platelet specific antibodies).

A flag from the instrument that an abnormality exists should result in a detailed 
analysis of the specimen by the laboratory, including manual analysis by microscopy 
to assess the presence of platelets and/or other small particles.

Perhaps most importantly, the accuracy of the platelet count should be questioned 
in any patient who has platelet/vessel type bleeding (i.e. mucocutaneous bleeding) 
with a normal platelet count by automated instrumentation, and who has no alternate 
explanation for such bleeding. Manual assessment of platelets in such cases is war-
ranted. Of course, it is possible to have a normal platelet count with abnormal platelet 
function. however, if a discrepancy is found in automated platelet counting, subse-
quent specimens from the patient should be analyzed manually, unless a remedy to 
the automated artifact can be devised.

mistakenly missing a large platelet: There are several scenarios in which plate-
lets are unusually large including Bernard-Soulier syndrome, May-hegglin anomaly 
bone marrow proliferative disorders, and in some cases of ITP. The platelet count may 
be artificially low if the platelets are sufficiently large to fall outside the platelet count-
ing gate. As above, the likelihood of such an error depends upon the specificity of 
parameters utilized to establish the platelet gate.

platelet clustering or aggregation (pseudothrombocytopenia): Platelets 
can become activated during blood-drawing or storage of the sample, which can result 
in aggregation in the specimen tube. This may be due to inadequate sample mixing 
resulting in an uneven distribution of anticoagulant. In addition, it has been noted 
that platelets from some patients cluster in an eDTA-dependent fashion, which can 
often be remedied by substituting a citrate-based anticoagulant. Also, ex vivo plate-
let aggregation due to platelet-specific cold agglutinins has been reported. Because the 
size of the aggregation/clusters can shift outside of the platelet gate and because mul-
tiple platelets are aggregated together, the reported platelet count can be substantially 
lower than the actual platelet count. A compensatory increase in the leukocyte count 
can also be observed, as these aggregates may be counted as leukocytes. Some (but 
not all) automated counters can detect alterations in size distribution and generate an 
error flag, which should always be investigated for potential pseudothrombocytopenia. 
Additionally, patients with inordinately low platelet counts without any symptoms of 
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thrombocytopenia may be considered as potentially having pseudothrombocytopenia. 
Pseudothrombocytopenia can result in both inappropriate transfusion of platelets and 
additional unnecessary diagnostic evaluations. The presence of psuedothrombocyto-
penia can be assessed by a manual smear, which can visualize platelet clusters.

Recommended Reading
Briggs c, harrison P, Machin SJ. (2007). continuing developments with the auto-

mated platelet count. Intl J Lab Hematol 29, 77–91.
Segal hc, Briggs c, Kunka S et al. (2005). Accuracy of platelet counting haematology 

analysers in severe thrombocytopenia and potential impact on platelet transfusion. 
Br J Haematol 128, 520–525.
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the bleeding time (Bt) and platelet function analyzer (pFA) are used as screening 
tests of primary hemostasis. the bleeding time is an in vivo screening test of primary 
hemostasis which measures the time to cessation of bleeding of a uniform skin cut. 
It is used to assess the integrity of platelet, plasma and vessel-wall components. the 
platelet function analyzer is an in vitro test of platelet plug formation which meas-
ures the time to occlusion of a window in a coated membrane through which citrated 
blood is forced at high shear rate. It is used to test for platelet function defects.

Bleeding time: the Bt is performed by applying a blood-pressure cuff inflated to 
40 mmhg to the arm, making a uniform cut on the volar surface of the forearm, blot-
ting the top of the blood drop with standard filter paper every 30 seconds, and timing 
until the cessation of bleeding. Spring-loaded devices with retracting blades are most 
commonly used.

Test performance: Bt performance is highly operator-dependent. A review of evi-
dence in 1998 concluded that:

1. In the absence of a bleeding history, Bt is not a useful predictor of the risk of hem-
orrhage with surgery;

2. A normal Bt does not exclude the possibility of excessive hemorrhage with invasive 
procedures;

3. Bt cannot be used to reliably identify patients who may have recently ingested aspi-
rin or non-steroidal anti-inflammatory agents; and

4. the best preoperative screen is a careful clinical history, with performance of 
screening or diagnostic tests when the history warrants.

A test of primary hemostasis remains an important part of evaluation of a patient 
with a personal or family history of excessive bleeding, and also for screening under 
certain circumstances with a high risk of bleeding – such as tonsillectomy and ade-
noidectomy in young children. today, the Bt has largely been replaced by in vitro tests 
of platelet plug formation, usually the pFA (described below), which is less invasive, 
easier to perform and more reproducible.

Bt may result in scarring or keloid formation. In severe disorders, such as von 
Willebrand disease (VWD) type 3, Bt cuts may bleed profusely and be difficult to 
close. Bt is prolonged at a platelet count below 50,000–100,000/l, depending on 
the cause of thrombocytopenia; in more severe forms of VWD; and in major platelet 
function disorders. It is often normal in mild platelet function defects and in VWD 
type 1. Anti-platelet drugs variably prolong the Bt.

Sources of error: False positives can be caused by poor operator technique. In 
addition, connective tissue disorders can result in a prolonged Bt despite normal 
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platelet function. Although such a finding does not reflect on the ability of platelets to 
participate in hemostasis, it may nevertheless demonstrate bleeding tendency due to 
connective tissue defects. False negatives can be caused by poor operator technique or 
a mild disorder.

Quality assurance: Controls are not usually measured; the reference range should 
be calculated by each laboratory.

Platelet function analyzer: the pFA uses whole blood which is forced at high 
shear rate through a window in a membrane coated with collagen and epinephrine 
(CepI), or collagen and adenosine diphosphate (CADp). platelets adhere and aggre-
gate to produce closure, measured as closure time (Ct).

Test performance: Coefficient of variation (CV) ranges from 6% to 13% for nor-
mal specimens. Ct appears to be inversely correlated with functional von Willebrand 
Factor, and is equivalent to or better than Bt as a screening tool for VWD, although 
both lack sensitivity for platelet function disorders. In vitro tests will fail to detect 
defects of the vessel wall in connective tissue disorders, such as ehlers-Danlos syn-
drome, which may result in prolonged Bt. Like the Bt, the Ct lacks sufficient sensitiv-
ity and specificity to be used alone for screening of individuals for platelet disorders, 
and should be used along with clinical history to determine which patients should 
undergo diagnostic studies. Few studies have as yet been undertaken to establish a 
clear role for pFA in predicting clinical outcomes and monitoring therapy.

Sources of error: False positives are seen in specimens older than 4 hours, those sent 
through pneumatic tubes, and those with low hematocrit. False negative may be a result 
of mild disease.

Quality assurance: No quality control materials are provided. reference ranges 
should be calculated by each laboratory.

Recommended Reading
harrison p. (2005). the role of pFA-100® testing in the investigation and management 

of haemostatic defects in children and adults. Br J Haematol 130, 3–10.
hayward CpM, harrison p, Cattaneo M et al. (2006). platelet function analyzer 

(pFA)-100® closure time in the evaluation of platelet disorders and platelet func-
tion. J Thromb Haemost 4, 312–319.

peterson p, hayes te, Arkin CF et al. (1998). the preoperative bleeding time lacks 
clinical benefit. Arch Surg 133, 134–139.
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The platelet is a dynamic structure, covered externally with glycoprotein (GP) 
receptors. Internally, the platelet possesses alpha () granules, which contain a number 
of proteins, including von Willebrand Factor (VWF), fibronectin and fibrinogen; and 
dense () granules, containing adenosine triphosphate (ATP), adenosine diphosphate 
(ADP), serotonin, pyrophosphate, magnesium and calcium. Primary hemostasis is ini-
tiated by platelet adhesion to vessel-wall components at the site of vessel injury. VWF 
is key for this process at a high shear rate. Platelet activation occurs through exposure 
to collagen and thrombin, and leads to release of granule contents. Aggregation of 
additional platelets produces a physical barrier. Platelets participate in clot formation 
through release of stored factors and provision of a surface for assembly of coagula-
tion factor complexes to complete the platelet plug.

In vitro platelet aggregation (PAGG) testing measures the response of platelets to 
added aggregating agents, or agonists, with measurements that primarily reflect acti-
vation, aggregation and, with some instruments, secretion. Although PAGG testing 
is both time- and labor-intensive, requires use of fresh blood and may be difficult to 
interpret, it remains the gold standard for assessing platelet function.

Platelet Aggregation by Light-transmission Aggregometry (LTA): 
Traditionally, PAGG has been tested by light-transmission aggregometry (LTA), which 
measures the change in optical density (OD) of stirred platelet-rich plasma (PRP) 
when an aggregating agent, or agonist, is added (Figure 116.1). As the platelets aggre-
gate, more light is transmitted due to decreased absorbance as a result of decreased 
platelet dispersion. The patient’s PRP is set as 0% aggregation and autologous plate-
let-poor plasma (PPP) at 100%. A curve of OD versus time is recorded which may 
reveal lag phase, shape change, and first and second waves of aggregation. Calculated 
parameters include the aggregation rate (slope), maximum amplitude, and percent 
aggregation.

Platelet Aggregation by Whole Blood Aggregometry (WBA): In LTA, the 
centrifugation of plasma to produce PRP and the use of additionally centrifuged PPP 
or buffer to standardize the platelet count are manipulations that may alter platelet 
response or result in loss of platelet subpopulations. Measurement of PAGG in whole 
blood eliminates these steps and maintains the physiologic blood-cell milieu. In addi-
tion, WBA requires only one-fourth the volume of blood required for LTA, making it 
particularly valuable in the pediatric setting.

WBA is measured by the impedance method. Platelets adhere in a monolayer to 
wires separated by a gap across which a voltage is applied. When an agonist is added, 
additional platelets aggregate to the layer, increasing the resistance across the gap, 
measured in ohms. Change in impedance is plotted as a function of time, giving  
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Figure 116.1 Process of light-transmission aggregometry (LTA). Stirred platelet-rich plasma (PRP) 
is set as 0% aggregation. After an agonist is added, aggregates form and light transmission increases. The 
maximal amount of light transmission is seen in autologous platelet-poor plasma (PPP), which is set as 
100% aggregation. % platelet aggregation is calculated as the distance from 0 to maximum aggregation 
divided by the distance from 0 to 100% aggregation 3 100. Adapted from Jennings and White (2007).
similar curves to those produced by OD changes in LTA. WBA is more sensitive to most 
agonists, and requires lower concentrations to achieve aggregation. The second wave of 
aggregation is not seen in WBA curves, but such visualization is not necessary if release 
is measured directly rather than inferred from the curves. Appearance of curves and 
numerical results differ somewhat between LTA and WBA, requiring method-specific  
interpretation.

Platelet Adenosine Triphosphate (ATP) Release: Neither LTA nor WBA is 
sensitive to all cases of storage pool and release defects. PAGG and platelet nucleotide 
release may be measured simultaneously in specialized instruments. The secretion of 
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ATP is quantitated by its ability to cause the firefly enzyme luciferase to cleave its sub-
strate luciferin and generate luminescence. The amount of luminescence is compared 
with that generated by a standard amount of ATP added to patient blood or PRP, and 
is reported in nanomoles (nm) (Figure 116.2).
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Figure 116.2 Platelet aggregation (A) and ATP release (B) with 10-M ADP as a function of platelet 
count. Aggregation occurs normally above a platelet count of 50,000. ATP release is linearly related to 
platelet count. From Jennings and White (1999).
Interpretation of Results from LTA, WBA and ATP Release: PAGG and ATP 
release are evaluated with a panel of agonists. For some agonists, several concentra-
tions may be used to define the threshold concentration at which aggregation occurs, 
or standard concentrations may be set. The latter facilitates comparison with ATP 
release data. The curves should be inspected visually, but today’s instruments provide 
quantitative measures, which can be compared to reference ranges. Reference ranges 
differ significantly among laboratories, and should be established in each laboratory 
with the instrument and reagent system used.
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Certain agonists are commonly used. Platelet function is evaluated by both the 
responses to a given agonist and the general pattern of responses to multiple agonists. 
A detailed description of these patterns and corresponding diagnoses can be found in 
Chapters 117 and 118.

ADP may be used at concentrations of 1–10 M. Low concentrations produce 
a monophasic or biphasic curve with disaggregation. Higher concentrations show a 
single wave of aggregation, post-release. Studies of anti-GPIIb-IIIa drugs have used 
10–20 M.

Epinephrine is a mild agonist used at 5–10 M. It produces a slight initial response 
and a second-wave response that is highly variable. The presence of decreased aggre-
gation with epinephrine alone is quite common in normal individuals. epinephrine is 
not used in WBA.

Collagen, a strong agonist, is used at concentrations of 1–5 g/ml. It produces adhe-
sion to collagen fibrils, shape change, and release, followed by aggregation.

Arachidonic acid, used at 0.5 mM, reacts with cyclo-oxygenase to produce throm-
boxane A2. This reaction is inhibited by aspirin and other anti-platelet drugs. The 
effect of aspirin is not reversible, and continues through the life of the platelet. effects 
may still be seen at 2 weeks post-ingestion. WBA is more sensitive to aspirin than LTA.

Ristocetin is sometimes used to screen for von Willebrand disease (VWD), but 
it is not very efficient for that purpose. VWD type 1 patients often have normal  
platelet aggregation with standard concentrations of ristocetin. Plasma tests for 
VWF antigen and ristocetin cofactor are more sensitive and specific. Ristocetin is, 
however, useful for diagnosis of Bernard-Soulier syndrome at concentrations of  
1.25 mg/ml and above. Low concentrations, 0.5 mg/ml and below, are used to detect 
the hyperaggregability of platelets in type 2B VWD and platelet-type VWD. ATP 
release is not measured with ristocetin.

Thrombin at 1 U/ml produces the maximum release of ATP from storage. Since 
thrombin clots plasma or blood, aggregation cannot be measured unless a thrombin 
analogue is used. Failure to respond to strong thrombin indicates a defect in the plate-
let storage pool.

Thrombin receptor activating peptide (TRAP), used at 5–10 M, is a synthetic pep-
tide mimicking the sequence of the thrombin protease-activated receptor (PAR-1) after 
thrombin hydrolysis. It is sometimes used in place of thrombin to generate activation 
without clotting, primarily in the measurement of the effects of anti-platelet drugs.

recommended reading
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Laboratory Diagnosis of Genetic Platelet 
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Genetic platelet function defects (PFD) should be considered in patients with 
symptoms suggestive of a defect in primary hemostasis, particularly if lifelong or 
familial. Normal platelet function involves over 100 gene products, defects in many 
of which could potentially cause platelet function disorders. Disorders of major clini-
cal significance (such as Glanzmann thrombasthenia) or striking clinical presentation 
(such as Hermansky-Pudlak syndrome) have been well characterized but are rare in 
most populations. Table 117.1 provides a detailed but not exhaustive list of the known 
disorders categorized by their mechanisms. A number of the disorders listed have 
been described in only a few individuals. Samples of the platelet aggregation results 
expected in these disorders are shown in Table 117.2.

platelet Aggregation Studies: Platelet aggregation studies, as described in 
Chapter 116, are used to determine the cause of a defect in primary hemostasis. When 
sensitive platelet aggregation studies are performed in large numbers of individuals 
with mild bleeding symptoms, such as women with menorrhagia, a wide spectrum 
of functional defects is seen – most as yet uncharacterized. Control individuals also 
show a frequency of defects approaching 20%, suggesting a high false-positive rate. 
Indeed, abnormalities detected in the clinical laboratory are much more likely to have 
an acquired etiology. Results suggesting a specific genetic diagnosis, therefore, should 
be confirmed by repetition, with drug effects carefully excluded. Most disorders can-
not be diagnosed reliably without confirmatory tests such as visualization of granules, 
receptor studies, or gene sequencing.

platelet Function Analyzer: The platelet function analyzer (PFA) is an in vitro 
test of platelet plug formation by measuring the time to occlusion of a window in a 
coated membrane through which citrated blood is forced at high shear rate (see 
Chapter 115), which is used to test for platelet function defects (PFD). The test has 
been reported to be not sensitive or specific enough to use for screening to determine 
who should have platelet aggregation studies. It may exclude more severe PFD, such as 
Glanzmann thrombasthenia and Bernard-Soulier syndrome, but milder defects may 
be missed.

Electron microscopy: Electron microscopy allows for visualization of dense gran-
ules (whole mount) or  granules (transmission), and is used for the diagnosis of 
storage pool disorders and granule defects.

dnA Sequence Analysis: DNA sequence analysis identifies specific regions of 
involved genes that are associated with PFD through polymerase chain reaction (PCR) 
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Table 117.1 Genetic Disorders of Platelet Function

Type of defect Disorder Defect in:

adhesion defects von Willebrand disease (VWD) Plasma von Willebrand 
factor

bernard-Soulier syndrome GPIb, GPIb, GPIX

Platelet-type VWD GPIb

aggregation defects Glanzmann thrombasthenia GPIIb/IIIa

afibrinogenemia Plasma fibrinogen

Storage pool 
disorders

 Dense granules Primary  SPD Heterogeneous

Hermansky-Pudlak syndrome HPS gene

Chediak-Higashi syndrome Membrane structure

Wiskott-aldrich syndrome* WaS protein

  granules Gray platelet syndrome Granule packaging

Quebec platelet disorder* u-tPa

 /dense granules  SPD P-selectin ?

Receptor defects Thromboxane a2 Thromboxane a2 receptor

Collagen Integrin 21, GPVI

adenosine diphosphate (aDP) P2Y12

epinephrine -adrenergic receptor

Platelet activating factor PaF receptor

Serotonin Serotonin receptor

Release defects Cyclo oxygenase deficiency Cyclo oxygenase

Thromboxane synthetase 
deficiency

Thromboxane synthetase

G protein defects G deficiency Gq

Cytoskeletal defects May-Hegglin anomaly MYH9, non-muscle myosin

Wiskott-aldrich syndrome* WaS protein

Procoagulant 
function

Scott syndrome Phosphatidylserine 
transport

Quebec platelet disorder* Multimerin, FV, u-tPa

*Entered in two categories.
GP, glycoprotein; SPD, storage pool disorder; WAS, Wiskott-Aldrich syndrome; FV, Factor V; u-tPA, urokinase type 
tissue plasminogen activator.
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Table 117.2 examples of Whole blood Platelet aggregation (aGG) and aTP Release 
(Rel) Findings in Patients with Known Platelet Function Defects

ADP 
20 mM

Collagen 
2  g/ml

Arachidonic 
acid 0.5 mM

Thrombin 
1 U/ml

Ristocetin 
1.0 mg/ml

Ristocetin 
0.25 mg/ml

AGG REL AGG REL AGG REL REL AGG AGG

Glanzmann 
thrombasthenia

a N a N a N N N* N

Hermansky-
Pudlak

N D N D N D D N* N

bernard-Soulier N N N N N N N a N

VWD Type 2a N N N N N N N a N

VWD Type 2b N N N N N N N N I

Collagen 
receptor defect

N N D D N N N N N

Scott syndrome N N N N N N N N N

*Qualitatively abnormal pattern with disaggregation.
N, normal; D, decreased; A, absent; I, increased.
and direct sequencing. This method is used to confirm a diagnosis of Bernard-Soulier 
syndrome, Glanzmann thrombasthenia, platelet-type VWD, and others.

Interpretation of Results Based Upon Combined Application of the 
Above Lab Tests:

Glanzmann Thrombasthenia:  Glanzmann thrombasthenia (GT) exhibits a pri-
mary aggregation defect with all agonists, except ristocetin, due to a defect or defi-
ciency of the receptor GP IIb/IIIa. ATP release usually occurs normally. Curves with 
ristocetin may be irregular and show disaggregation. Afibrinogenemia also results in 
a similar primary aggregation defect; however, unlike GT, afibrinogenemia will also 
result in prolongation in coagulation studies (i.e. PT, PTT, thrombin time).

Storage Pool Disorders: Storage pool disorders (SPD) may involve granules other 
than those in platelets, producing multi-system disease. Hermansky-Pudlak and 
Chediak-Higashi syndromes also produce oculocutaneous albinism. The latter also 
involves a severe immunodeficiency and lymphoproliferative syndrome. Wiskott-
Aldrich syndrome (WAS) has immune deficiency and eczema, but not albinism. WAS 
also is classified as a platelet cytoskeletal defect. SPD affecting dense granules without 
other features may be among the most common platelet function defects, however, the 
diagnosis may be missed if ATP release is not measured. Use of thrombin at 1 unit/
milliliter causes maximum release of dense body contents, documenting their pres-
ence or absence, even when the release mechanism is faulty.

Alpha Granule Disorders: Alpha granule disorders include the gray platelet syn-
drome, so named for its colorless platelets lacking granules, and the Quebec platelet disor-
der, a complex disorder with increased urokinase-type plasminogen activator in platelets.
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Defects Detected using Ristocetin: Selective decrease in response to ristocetin is 
most often due to von Willebrand disease (VWD), a plasma deficiency or defect of 
von Willebrand factor (VWF). Typically, platelets will aggregate normally to other ago-
nists, but have decreased response to ristocetin. The same platelet aggregation results 
are exhibited in Bernard-Soulier syndrome (BSS), due to a defect in the glycoprotein 
(GP) Ib-IX-V complex. The aggregation defect in VWD will correct with addition of 
normal plasma, while that of BSS will not. BSS can also be distinguished by the pres-
ence of large platelets and mild thrombocytopenia.

In contrast to most forms of VWD, both type 2B VWD and platelet-type VWD 
will have increased aggregation in response to ristocetin, which is observed at lower 
ristocetin doses. Both disorders are gain-of-function mutations (VWF in the case of 
type 2B VWD, and the VWF ligand GPIb in the case of platelet-type VWD).

Scott Syndrome:  Scott syndrome is a disorder of phosphotidylserine transport that 
limits the construction of the prothrombinase complex on the platelet membrane, 
leading to insufficient thrombin generation. Platelet function studies are normal.

Recommended Reading
Hayward CPM, Rao AK, Cattaneo M. (2006). Congenital platelet disorders: overview 
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C H a p t e r  118
Most platelet function defects (pfd) encountered in clinical practice are acquired 
rather than genetic in both inpatients and outpatients. they may be a cause of 
excessive bleeding, an incidental finding, or a purely in vitro phenomenon. platelet 
aggregation and atp release tests, described in Chapter 116, are sensitive to drugs, 
such as aspirin, which may cause irreversible effects as long as 2 weeks post-ingestion. 
Ideally, abnormal studies should be repeated after 10–14 days with no medications. 
Marked improvement in platelet function tests should cause the drug to be considered 
not only as an assay confounder but also as a potential cause of the patient’s symp-
toms. poor recollection of drug use may be responsible for the high frequency of pfd 
in healthy individuals, which is approximately 20% in several studies. It is more likely, 
however, that a high false-positive rate is inherent in the methodology. table 118.1 
gives a list of drugs influencing platelet function. It is not exhaustive and, since the 
impact of many drugs is unknown, exclusion from published lists does not indicate a 
lack of effect. Moreover, the consumption of herbal products and specific diet can also 
have an effect on platelet function.

acquired pfd may result from the disorders discussed below and lead to exces-
sive bleeding, usually mild to moderate; however, it can be life-threatening in the pres-
ence of other hemostatic defects, such as thrombocytopenia and coagulation factor 
deficiencies. there are insufficient data to support use of the bleeding time to predict 
clinical bleeding in most settings. Likewise, the platelet function analyzer (pfa) has 
been shown to lack sensitivity and specificity for this purpose. the global status of 
the patient rather than a specific test should be used to guide therapy. the laboratory 
diagnosis of pfds includes platelet aggregation studies, which are used to identify the 
cause of a defect in primary hemostasis resulting in excessive bleeding, or abnormal 
screening tests.

Anemia: anemia of any etiology may increase the bleeding risk through reduction 
of platelet–vessel wall interaction. Uremia results in platelet aggregation and atp 
release defects with a variety of agonists, including adp, collagen, epinephrine and 
arachidonic acid. thrombin and ristocetin results are often normal. In vitro plate-
let function does not, however, correlate well with clinical bleeding. Uremic plasma 
can inhibit platelet aggregation, perhaps by guanidinosuccinic acid (GSa) mediated 
through nitric oxide. findings are reported to return to normal after renal transplant.

Myeloproliferative Disorders: Myeloproliferative disorders, including essential 
thrombocythemia, polycythemia vera, chronic myelogenous leukemia and agnogenic 
myeloid metaplasia, result in pfd that may lead to excessive bleeding. Some effects 
are asymptomatic, however, and thrombosis is often a greater risk. abnormalities 
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Table 118.1 Drugs that Inhibit Platelet Function

Non-steroidal anti-inflammatory drugs aspirin, ibuprofen, indomethacin, naproxen, 
meclofenamic acid, mefenamic acid, diflunisal, 
phenylbutazone, piroxicam, tolemetin, sulindac, 
sulfinpyrazone, zomepirac

antibiotics Penicillins, cephalosporins, nitrofurantoin, 
hydroxychloroquine, miconazole

Thienopyridines Ticlopidine, clopidogrel

GPIIb/IIIa antagonists abciximab, tirofiban, eptifibatide

Platelet caMP modifiers Prostacyclin, iloprost, dipyridamole, cilostazol, 
caffeine, theophylline, aminophylline, nitric 
oxide

Cardiovascular drugs Nitroglycerin, propanalol, isosorbide dinitrate, 
nitroprusside, nifedipine, verapamil, diltiazem, 
quinidine, furosemide

Volume expanders Dextran, hydroxyethyl starch

Psychotropic drugs amitriptyline, imipramine, nortriptyline, 
chlorpromazine, promethazine, flufenazine, 
trifluoperazine, haloperidol, fluoxetine, 
paroxetine

anesthetics Halothane, dibucaine, tetracaine, metycaine, 
cyclaine, butacaine, nupercaine, procaine, 
cocaine, plaquenil

Chemotherapeutic agents Mithramycin, daunorubicin, bCNU

anticoagulants, fibrinolytics, and 
antifibrinolytics

Heparin, streptokinase, tissue plasminogen 
activator, urokinase, ε-aminocaproic acid

antihistamines Diphenhydramine, chlorpheniramine, 
mepyramine

Miscellaneous drugs Clofibrate, halofenate, radiographic contrast 
media, ethanol

Foods and food supplements Vitamin e, omega-3 fatty acids, fish oil, onions, 
garlic, ginger, cumin, tumeric, clove, black tree 
fungus, Ginko biloba, caffeine, alcohol
in aggregation and in atp release, and an acquired storage pool disorder, have been 
described, as well as acquired von Willebrand disease due to loss of high molecular 
weight multimers.

acute leukemias and myelodysplastic syndrome produce bleeding primarily 
through thrombocytopenia and disseminated intravascular coagulation (dIC); how-
ever, pfd also play a role. decreased platelet aggregation with adp, epinephrine 
and collagen, as well as atp release defects, have been reported. acquired VWd and 
Bernard-Soulier syndrome also have been described.

Hepatic Disease: In liver disease, platelet dysfunction plays a secondary role to 
coagulation factor deficiencies and dIC as a cause of bleeding. aggregation and release 
may be decreased with collagen, thrombin, adp, epinephrine and ristocetin.
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Gammopathies: In paraproteinemias, pfd are thought to be due to non-specific 
binding of immunoglobulins to the platelet membrane producing primarily aggrega-
tion defects, which may occur as part of the bleeding diathesis in multiple myeloma, 
Waldenstrom macroglobulinemia, Iga myeloma and monoclonal gammopathy of 
undetermined significance.

Autoimmunity to Platelet Proteins: antiplatelet antibodies may interfere with 
normal platelet function by blocking glycoprotein receptors, inducing an acquired 
Glanzmann thrombasthenia, Bernard-Soulier syndrome or other receptor deficiency 
in patients with immune thrombocytopenic purpura (Itp). aggregation may be 
decreased with ristocetin, adp, epinephrine and collagen. antibody-mediated plate-
let activation may also produce an acquired storage pool deficiency. Interpretation of 
platelet function tests may be difficult due to low platelet count.

Disseminated Intravascular Coagulopathy: disseminated intravascular coag-
ulopathy (dIC) may result in activation of platelets by thrombin or other agonists, 
producing an acquired storage pool deficiency or exhausted platelet syndrome. this 
effect is less important clinically than the consumption of coagulation factors and 
platelets.

Extracorporeal Membrane Oxygenation: Cardiopulmonary bypass produces 
pfd in most patients due to platelet activation and physical damage. platelet aggrega-
tion by most agonists is reduced, and  and dense granules are depleted. the defects 
usually resolve within 24 hours.
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C H A P T E r  119
Immune thrombocytopenic purpura (ITP) is the result of humoral anti-platelet 
autoimmunity. ITP can be considered the platelet equivalent of autoimmune hemolytic 
anemia (AIHA). However, unlike AIHA, which has specific laboratory criteria (i.e. a 
positive direct antiglobulin test in the presence of laboratory evidence of hemolysis), 
ITP is a diagnosis of exclusion based largely on clinical criteria rather than specific lab-
oratory testing. Other causes of thrombocytopenia that must be excluded include:

Increased removal from circulation. A number of pathologies must be considered, 
including sequestration due to hypersplenism. In addition, exclusion of consump-
tive coagulopathies (such as disseminated intravascular coagulopathy [DIC]) and 
thrombotic microan giopathies (such as thrombotic thrombocytopenic purpura 
[TTP]) through analysis of LDH, presence of schistocytes on peripheral smear, and 
additional coagulation testing is also important.

Decreased production. Peripheral blood analysis and bone marrow biopsy are used to 
assess platelet production. Bone marrow studies are not usually indicated in early 
stages of evaluation, unless there are atypical features. The presence of leukemic 
cells in peripheral blood, or bone marrow changes consistent with neoplasia, pro-
vides an alternate cause for thrombocytopenia. Likewise, findings consistent with 
bone marrow failure syndromes provide an alternate etiology. In ITP, bone mar-
row biopsy typically shows normal or increased numbers of megakaryocytes, many 
of which may have an immature appearance, presumably do to a compensatory 
increase in megakaryopoiesis.

False diagnosis of thrombocytopenia. Examination of a peripheral smear will help to 
exclude a false diagnosis of thrombocytopenia (e.g. platelet aggregation, pseudo-
thrombocytopenia or cold agglutinins); see Chapter 114.

Anti-platelet autoantibodies. Although anti-platelet antibodies are central to the 
pathophysiology, the presence of anti-platelet antibodies is a somewhat non-specific  
finding, and thus is not generally considered useful in the diagnosis of ITP. Use 
of anti-platelet antibodies in ITP diagnosis is not recommended by the American 
Society of Hematology or a similar panel of experts from the United Kingdom. 
Nevertheless, some clinicians continue to analyze anti-platelet antibodies when 
evaluating ITP. However, due to the lack of a “gold standard” test for detection and 
suboptimal sensitivity, a negative result does not exclude a diagnosis of ITP.

Methods for Platelet Antibody Testing:

Flow Cytometry: The earliest assays using flow cytometry measured platelet-associ-
ated IgG (PAIgG). These assays had sensitivity rates of 90–100%, but were non-specific 
631
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(specificity of 40%) and failed to discriminate between pathologic and non-pathologic 
platelet antibodies. More recent flow cytometric assays using microbeads coated with 
platelet-specific glycoproteins, platelet-specific antibodies, or control platelets incu-
bated with patient serum or platelets are analyzed in the flow cytometer and reported 
as a percentage or ratio of reactivity.

The use of flow cytometry for the detection of platelet autoantibodies has improved 
the sensitivity and specificity of diagnosis; however, tests which continue to utilize con-
trol platelets are less sensitive as a result of interferences from both HLA and ABO anti-
bodies. recently, incorporation of glycoprotein-specific mouse monoclonal antibody 
has increased the sensitivity to 86% with a specificity of 100%. These results have also 
been compared to other antigen-specific assays and show good concordance rates. In 
addition, studies have shown the practical use of the newer bead based flow cytometric 
assays for both initial diagnosis and follow-up of patients with ITP.

Monoclonal Antibody Specific Immobilization of Platelet Antigen: In mono-
clonal antibody specific immobilization of platelet antigen (MAIPA), patient platelets 
with bound autoantibody or control platelets sensitized with patient serum are incu-
bated with mouse monoclonal antibody, which recognizes a target on the platelet sur-
face. After several steps, including washing, addition of buffer and centrifugation, the 
supernatant is added to a microtiter plate containing goat-specific anti-mouse IgG. As 
a result, the mouse monoclonal antibody is captured and the platelet surface glycopro-
tein with bound antibody is immobilized. The human antibody is then detected with 
an enzyme-labeled goat anti-human IgG probe.

MAIPA has a sensitivity reported as between 49% and 66% with a specificity of 
78–92% and a positive predictive value of 80%. The discrepancy in sensitivity and 
specificity typically results from false-negative results due to low platelet counts and 
low levels of autoantibody, lack of antibody specificity for the major platelet glycopro-
teins, or other patient factors, including concurrent immunosuppressive treatment. 
As a result, use of the MAIPA for detection of platelet-specific antibodies is typically 
reserved for initial diagnosis. False-positive results can also occur when human anti-
mouse antibodies are present. Because of the specificity for anti-platelet antibodies, 
interference from HLA and ABO antibodies is less likely.

Modified Antigen Capture ELISA and Immunobead Assays: With similar spe-
cificity and sensitivity to MAIPA, modified antigen capture ELISA (MACE) and immu-
nobead assays slightly vary from the methodology of MAIPA. The former two utilize 
monoclonal antibody-coated microtiter plates or plastic beads, respectively. Patient 
platelets or control platelets incubated with patient serum are added, which allow cap-
ture of the specific platelet glycoprotein and antibody immune complex. Use of control 
platelets for either of these assays including the MAIPA adds an additional aspect of 
complexity to the above testing because platelets must be supplied by the user.

Enzyme-linked Immunosorbent Assays: Commercially available ELISAs (enzyme-
linked immunosorbent assays) detect glycoprotein-specific antibodies in patient 
serum. These assays are not uncommonly used in thrombocytopenic hospitalized 
patients. Microtiter plates are coated with platelet glycoproteins, GPIIb/IIIa, GPIb/
IX and GPIa/IIa. After addition of patient serum, bound autoantibodies are detected 
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using enzyme-labeled secondary antibodies. False-positive results can occur in 
patients with human anti-mouse antibodies (HAMA). In addition, patients with low-
level antibody may have false-negative results. The sensitivity and specificity of the 
ELISA has less sensitivity and specificity for ITP than the other methods; one ELISA 
commercial assay was recently reported to have a sensitivity of 53%, specificity of 
72%, positive predictive value of 90% and negative predictive value of 24%.

Platelet Antibody Testing in Other Diseases: Platelet antibody testing is used 
in the diagnosis of diseases associated with platelet alloantibodies (i.e. platelet anti-
bodies directed towards non-self platelet antigens), which include neonatal alloim-
mune thrombocytopenia (Chapter 81) and posttransfusion purpura (Chapter 61). In 
neonatal alloimmune thrombocytopenia, the mother is sensitized to platelet antigens 
on the fetal platelets, which results in thrombocytopenia, which can lead to intracra-
nial hemorrhage. In posttransfusion purpura, a patient has severe thrombocytopenia  
5–10 days after a transfusion, which is associated with a platelet alloantibody. Platelet 
antibody testing is indicated in these clinical situations.
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The diagnosis of thrombotic thrombocytopenic purpura (TTP), a thrombotic 
microangiopathy, is critical, as the rapid initiation of plasma infusion or exchange 
therapy can be life-saving. To date, the diagnosis of TTP is dependent upon the dem-
onstration of an otherwise unexplained microangiopathic hemolytic anemia and 
thrombocytopenia and clinical findings, including fever, neurologic changes and renal 
abnormalities. Laboratory findings consistent with a hemolytic anemia include an ele-
vated LDH, increased reticulocyte count and elevated indirect bilirubin. A microan-
giopathic cause of the hemolytic anemia is supported by the presence of schistocytes 
on peripheral blood smear. The presence of end-organ damage, particularly kidney, 
should be assessed by measuring the patient’s creatinine level. Although progress in 
laboratory diagnosis has been made, TTP is a clinical diagnosis supported by the 
above laboratory and clinical findings. Currently, treatment should be instituted based 
on these findings; however, the role of ADAMTS13 analysis is evolving.

The major mechanism that underlies TTP is the accumulation of ultra-large von 
Willebrand multimers (VWF), secondary to a deficiency of the ADAMTS13 enzyme, 
that leads to platelet microthrombi in end organs. TTP has been associated with con-
genital deficiencies of ADAMTS13 or inhibitors directed against ADAMTS13, as seen 
in idiopathic TTP, both leading to reduced protease activity. This chapter will review 
both the assays for ADMANTS13 activity and the assessment for the presence of an 
inhibitor for the ADMANTS13 enzyme.

ADAMTS13 Activity: Better diagnostic tests are required for TTP, as early symp-
toms and laboratory findings can also be found in thrombotic microangiopathies, 
such as disseminated intravascular coagulopathy. With the discovery of ADAMTS13 
and its association with TTP, laboratory assessment of ADAMTS13 enzyme activity is 
now desirable. Numerous assays have been developed to measure ADAMTS13 activ-
ity. To date, none of these assays is sensitive or specific enough to allow reliable diag-
nostic use in a timely fashion; however, as rapid and accurate ADAMTS13 testing may 
become an integral component of TTP diagnosis in the future, a synopsis of existing 
testing is present here.

Methods:

Whole Substrate Methods: A variety of tests of ADAMTS13 activity have 
been developed using the natural substrate, von Willebrand Factor (VWF). Such 
assays require two steps. The first step incubates patient’s plasma with purified von 
Willebrand Factor that has been treated to cause partial unfolding. The second step 
determines the ADAMTS13 activity in the patient’s plasma by measuring proteoly-
sis of VWF. This has been accomplished by several methods, including the following: 
1. The disappearance of large VWF multimers via immunoassay, 2. The generation of 
635
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proteolytic fragments, 3. residual VWF collagen-binding, and 4. residual VWF ris-
tocetin cofactor activity. These assays are time consuming, cumbersome to perform, 
and of variable reliability.

Peptide Substrate Methods: More recently, the cloning of ADAMTS13 and detailed 
mapping of its recognition sites on VWF has facilitated the development of modified 
ADAMTS13 substrates, leading to more rapid and reproducible assays.

FRET-VWF73 Assay: A novel ADAMTS13 substrate, VWF73, contains the 73 amino-
acid residues that are the minimum amino-acid sequence required for ADAMTS13 
cleavage of VWF between Y1605 and M1606 in the A2 domain (Figure 120.1). Using 
the VWF73 substrate eliminates the need to treat purified plasma or recombinant VWF 
to cause unfolding. To facilitate detection of ADATMS13 cleavage of VWF73, fluores-
cence resonance energy transfer (FreT) is utilized. One side of the peptide has a fluo-
rescent molecule while the other has a quenching molecule; thus, cleavage of the peptide 
dequenches the fluorochrome, resulting in positive signal. The fluorescence signal is 
detected every 5 minutes for 1 hour and, as more substrate is cleaved, the fluorescence 
increases. The change in fluorescence over time (reaction rate) is calculated by linear 
regression analysis. Pooled normal plasma is used as a reference. ADAMTS13 activity is 
expressed as a percentage of the reaction rate found in the test plasma compared to the 
reaction rate found in pooled normal plasma. Baseline levels of ADAMTS13 should be 
acquired prior to plasma exchange or infusion, as ADAMTS13 levels will be increased by 
therapy.
FRET
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Figure 120.1 Structure of FreT-VWF73l. 73 amino acids are required for ADAMTS13 cleavage. 
P7 and P5 are replaced with A2pr and Nma and Dnp are attached. Nma emits energy that is transferred 
to Dnp when the sequence is intact. The arrowhead indicates the ADAMTS13 cleavage site. FreT  
fluorescence resonance energy transfer.
Test Performance: Two studies have compared the FreT-VWF73 assay with older 
whole substrate methods. When compared to the proteolytic multimer assay in 79 
patients, 100% agreement between the two assays was seen. In another study com-
paring FreT-VWF73 with five different assays there was good correlation, with cor-
relation coefficients ranging from 0.898–0.971. The assay reproducibility was excellent 
(coefficient of variation 6%). The FreT-VWF73 assay is now considered to be supe-
rior to these other assays because it is a one-step assay that can be completed in 1 hour 
with excellent precision. However, there are several limitations to the FreT-VWF73 
assay.
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False-positive ADAMTS13 Deficiency: Severe hyperbilirubinemia has been reported 
to interfere with the assay, leading to a false reduction in the ADAMTS13 activity. However, 
the degree of reduction is mild, and would not lead a normal level being measured as 
severely reduced. Free plasma hemoglobin greater than 2  g/l also reduces ADAMTS13 
activity by inhibition of the enzymatic activity, although not specific to this assay.

interpretation: As our understanding of the pathophysiology of TTP evolves, it 
seems likely that ADAMTS13 is involved in many cases of TTP, but it is unclear to 
what extent altered ADAMTS13 activity is required for TTP in some cases. Thus, 
while that newer-generation assays give more rapid and more accurate measurement, 
the utility of such measurements in acute medical management continues to be a mat-
ter of debate. A prospective cohort showed that only 16 of 48 patients with idiopathic 
TTP had severe ADAMTS13 deficiency.

Thus, a normal ADAMTS13 activity should not delay initiation of plasma exchange 
in a patient with a high degree of suspicion for TTP. In prospective studies, severe defi-
ciency of ADAMTS13 (5%) has a sensitivity for the diagnosis of TTP ranging from 
33% to 80%. Accordingly, a severely reduced ADAMTS13 activity is neither necessary 
nor sufficient for the diagnosis of TTP.

In a prospective study, those with idiopathic TTP had responses to treatment and 
mortality rates that were similar regardless of ADAMTS13 activity. However, those 
with severe ADAMTS13 deficiency were more likely to relapse than those without 
(43% versus 8%).

The utility of testing patients in follow-up has been investigated in several small 
studies. In a retrospective study, patients with an undetectable ADAMTS13 activ-
ity at first remission had a greater risk of relapse (odds ratio 2.9) than those with 
detectable ADAMTS13 activity. The risk was even greater in those with an undetect-
able ADAMTS13 activity and a positive inhibitor titer (odds ratio 3.6). In a prospec-
tive study of 35 patients with a first episode of idiopathic TTP and undetectable 
ADAMTS13 activity at presentation, the presence of undetectable ADAMTS13 activity 
at the time of remission had a positive and negative predictive value of 28% and 95%, 
respectively. Among subjects with an undetectable ADAMTS13 activity at the time  
of remission 38% relapsed, whereas only 5% of those with a detectable level relapsed. 
Accordingly, a detectable ADAMTS13 activity suggests relapse is unlikely, but an 
undetectable level is not predictive of relapse over the following 18 months.

ADAMTS13 Inhibitor: Assays have been developed to measure the activity of 
anti-ADAMTS13 inhibitors. To date, none of these assays is sensitive or specific 
enough to allow reliable diagnostic use in a timely fashion; however, as rapid and 
accurate anti-ADAMTS13 activity may become an integral component of TTP diag-
nosis in the future, a synopsis of existing testing is present here.

Methods: Several tests for anti-ADAMTS13 inhibitory antibodies exist, including 
mixing studies to look at inhibition of known activity (similar to testing for coagula-
tion factor inhibitors – see Chapter 128) and eLISA-based procedures.

interpretation: In many cases of TTP, the deficiency of ADAMTS13 activity is due 
to anti-ADAMTS13 autoantibodies that inhibit activity. However, this is not always the 
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case. Measuring anti-ADAMTS13 antibodies without measuring ADAMTS13 activity 
will miss some patients with decreased ADAMTS13; this is especially true for patients 
with Upshaw-Shulman syndrome, who have a congenital deficiency of ADAMTS13. 
Overall, the role of anti-ADAMTS13 testing is unclear at the current time; how-
ever, it may have some power in guiding plasma exchange, as the antibody levels can 
decrease preceding a return of ADAMTS13 activity. The presence of an inhibitor to 
ADAMTS13 has been associated with a slower response to plasma exchange and a 
greater chance of relapse (43–62% versus 5–25%).
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C H A P T e r  121
Heparin-induced thrombocytopenia (HIT) is a clinicopathologic syndrome char-
acterized by the presence of a constellation of clinical findings (see Chapter 90) and 
laboratory results. Classically, after heparin administration, progressive thrombocy-
topenia is observed. Because the mechanism of thrombocytopenia involves platelet 
activation, thrombosis can also occur in some cases. The clinical sequelae of thrombo-
cytopenia and thrombosis can be severe and life-threatening, and a decrease in platelet 
count by 50% after heparin administration is sufficient evidence to replace heparin 
with an alternate anticoagulant pending laboratory analysis for HIT. As heparin is a 
safe and often preferred drug for inpatient thromboprophylaxis, laboratory assess-
ment of HIT is valuable in distinguishing true cases of HIT compared to thrombocy-
topenia from other etiologies. Moreover, once a patient is diagnosed with HIT, future 
thrombophrophylaxic therapies must be tailored to take this into account.

Developing understanding of the molecular mechanisms involved in HIT has led 
to a model in which antibodies are formed against a complex between platelet factor 
4 (PF4) and heparin. These pathogenic HIT antibodies provoke platelet activation by 
interaction with the platelet FcIIa receptor resulting in platelet aggregation, throm-
boxane generation, granule release, formation of platelet-derived microparticles, and 
overall stimulation of a procoagulant response. Other mechanisms potentially con-
tributing to hypercoaguability include activation of endothelial cells and monocytes 
with resultant exposure of tissue factor and neutralization of the anticoagulant effect 
of heparin by released PF4, which further propagates thrombogenesis.

Laboratory testing for HIt antibodies: Functional serotonin release assays 
(SrA) have been and remain the gold standard for laboratory diagnosis of HIT. 
However, these assays are difficult to perform, requiring specialized equipment, use of 
radioactivity, well-characterized platelet donors, and experienced operators (see below). 
Thus, SrAs are not feasible as a general screening test for HIT antibodies. Accordingly, a 
number of different methodologies have been developed to allow routine screening for 
HIT antibodies (see below). These tests have high sensitivity, but can result in a substan-
tial rate of false positives due to lower specificity. Currently, the best approach is consid-
ered to be identification of these anti-PF4/heparin antibodies through a combination of 
solid phase antigen assays and functional platelet activation assays (such as SrA).

antigen assays: In general, most laboratories utilize commercially available enzyme 
immunoassays (eIAs) for detection of anti-PF4/heparin antibodies. These assays 
detect HIT antibodies by using PF4 as a substrate. To simulate the in vivo epitopes, 
the PF4 is complexed with either heparin or other polyanion molecules that mimic 
heparin.
639
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Solid Phase Enzyme Immunoassays: In solid phase eIAs, PF4/polyanion com-
plexes are bound to microtiter plates and, after incubation with patient sample and 
addition of an enzyme-linked anti-human globulin reagent, a colorimetric response 
can be quantified using an automated microplate reader. The resultant optical  
density (OD) correlates with a qualitative (positive or negative) result depending on 
pre-validated reference ranges. However, subtle differences in commercially available 
kits exist, regarding the source of PF4 (recombinant versus platelet derived) and the 
use of heparin or other polyanions such as polyvinyl sulfonate. Despite these differ-
ences, solid phase eIAs have similar sensitivities of approximately 99%; however, there 
is variability in clinical specificity.

In the past, commercially available kits incorporated combinations of anti-human 
IgG, IgA and IgM, and thus detected anti-PF4/heparin antibodies of the IgG, IgM and 
IgA isotypes. However, it is now understood that the pathogenesis of HIT relies upon 
antibody binding to the platelet FcIIa receptor, which is IgG dependent. Although 
isolated cases of HIT associated with IgA and IgM anti-PF4/heparin antibodies have 
been described, these antibodies are not typically considered pathogenic and accept-
ance of positive results without confirmation by a functional assay may be partly 
responsible for the over-diagnosis of HIT. As a result, elimination of broad spectrum 
anti-human globulin reagents and use of more recently approved IgG-specific com-
mercial kits have increased the clinical specificity of antigen assays.

More recently, a commercially available assay incorporating addition of interleukin-8 
(IL-8) has been FDA approved for detection of anti-IL-8/heparin antibodies. The addi-
tion of IL-8 increases sensitivity through identification of rare cases of HIT attributed to 
platelet activation by antibodies against IL-8/heparin complexes.

Fluid Phase Enzyme Immunoassays: As a result of the inherent problem of pro-
tein denaturation with solid phase eIAs, a fluid phase eIA in which anti-PF4/heparin 
IgG antibodies bind PF4/heparin antigens followed by capture with beads was devel-
oped. Although not commonly used clinically, this assay has greater sensitivity than 
the aforementioned solid phase eIAs. In addition, this method avoids non-specific 
binding by minimizing exposure of cryptic antigens affiliated with denatured PF4.

Rapid Immunoassays: For rapid detection of HIT antibodies, particle gel immu-
noassay (PaGIA) and particle immunofiltration assays have been added to the arma-
mentarium of HIT testing.

In the PaGIA, PF4/heparin complexes are bound to high-density polystyrene 
beads. If present in a patient specimen, anti-HIT antibodies bind the beads. Bead-
bound anti-HIT antibodies are detected through agglutination that occurs as a result 
of the addition of a secondary anti-human globulin reagent. Similar to gel testing 
widely used in blood banks, agglutinated beads fail to migrate through the gel, pro-
ducing a visible band that indicates a positive result. This assay is currently approved 
for use in europe and Canada, and is being investigated in the United States. Due to 
limited data, the sensitivity and specificity of this assay is currently uncertain; however, 
it is postulated to be intermediate between more commonly used solid phase eIAs and 
functional platelet assays.

The particle immunofiltrate assay is an alternate but similar approach, which uti-
lizes a reaction well that contains dyed particles coated with PF4 without heparin. The 
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lack of heparin does not adversely impact detection of anti-PF4/heparin antibodies 
as a result of close approximation of PF4. If the patient specimen contains HIT anti-
bodies, particles agglutinate and fail to migrate through the membrane filter, resulting 
in lack of detectable color and thus indicating a positive result. This assay has been 
approved for use in the United States. However, due to the lack of performance char-
acteristics, it is not commonly used.

Potential Sources of Error: As with other eIAs and antibody-based tests, pres-
ence of interfering immune complexes may result in false-positive results. In addition, 
inadequate washing during testing may cause false-negative results as a result of failure 
to remove excess unbound antibody in patients with high-titer antibodies.

Interpretation of Antigen Assays: As a general rule, due to the sensitivity of anti-
gen assays, a negative result excludes a diagnosis of HIT in 80–90% of cases. However, 
results should always be interpreted in conjunction with the pretest probability and in 
consideration of the clinical picture. If the clinical suspicion indicates intermediate to 
high probability, all positive eIAs should be confirmed by a functional platelet assay. 
As an adjunct to guide further testing, a recent publication correlated OD measure-
ments of solid phase eIAs to SrAs. In this study, the probability of pathogenic HIT 
antibodies as defined by strong positivity (50% release) in the SrA increased in rela-
tion to the magnitude of OD measurements of the eIA. It was determined that most 
cases of HIT were associated with an eIA OD 1.40 units, while weak positive results 
(0.40–1.00 OD units) typically excluded the diagnosis of HIT. Due to lower eIA OD 
cut-offs supplied by manufacturers, the authors recommend reporting the qualita-
tive and quantitative result with an associated probability of presence of clinically sig-
nificant anti-PF4/heparin antibodies by correlation with SrA results to aid clinician 
interpretation.

Platelet activation (Functional) assays: Functional platelet assays are almost 
exclusively performed in specialized coagulation laboratories, which are capable of 
performing high-quality platelet activation assays. In accordance with a recent survey 
of specialized coagulation laboratories, only 14 of 44 laboratories performed func-
tional assays, with the SrA being more commonly performed in the US and Canada 
compared to the heparin-induced platelet activation (HIPA) test being performed in 
europe.

Platelet Aggregation Test: Historically, conventional aggregometry using cit-
rated platelet-rich plasma (PrP) was used to assess platelet aggregation; however, in 
comparison to the functional assays (SrA and HIPA), which incorporate addition of 
washed platelets to eliminate non-specific aggregation due to heparin, fibrinogen or 
other acute phase reactants, the platelet aggregation test (PAT) method demonstrated 
suboptimal sensitivity (50–80%). As a result, the PAT is not advocated for initial detec-
tion of anti-PF4/heparin antibodies.

Serotonin Release Assay: Since first described in 1986, a radiolabeled 14C-SrA 
has been accepted as the gold standard for detection of “pathogenic” anti-PF4/heparin 
antibodies. The 14C-SrA is performed by incubating a patient’s sample with radio- 
labeled washed donor platelets, which have been determined to be susceptible to 
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platelet activation by HIT antibodies. After activation, radiolabeled serotonin is 
released and detected; a positive result requires at least 20% release of serotonin over 
background reactivity. Specificity is increased through including incubation with high 
concentrations of heparin (10–100 IU/ml), and addition of a monoclonal antibody to 
block platelet FcIIa receptors. The assay can also be used to test whether HIT anti-
bodies cross-react with alternate anticoagulants, such as danaparoid. Positive, nega-
tive and “weak positive” controls to ensure platelet reactivity are necessary to further 
confirm results. The 14C-SrA is a time-consuming and technically challenging assay 
that requires strict adherence to established procedures. In addition, special licensure 
is required for use of radioisotopes, limiting the ability of many labs to perform this 
test. There can be substantial variability in this assay between laboratories due to the 
lack of standardization and intrinsic differences in platelet donors. However, when 
performed correctly, the 14C-SrA has a sensitivity of 92–100% with a specificity of 
98% for detection of pathogenic HIT antibodies.

Other end-points have been analyzed using an SrA, which includes quantification 
of serotonin release by high-performance liquid chromatography (HPLC), enzyme 
immunoassays (eIA) and flow cytometry. These detection methods have resulted in 
similar sensitivity and specificity to the 14C-SrA.

Heparin-induced Platelet Activation Test: In the HIPA assay, patient sample 
and buffer are added to microtiter wells containing washed donor platelets. A mag-
netic stirrer agitates the mixture to maintain suspension of unaggregated platelets. 
At 5-minute time intervals the wells are examined for platelet aggregation using an 
indirect light source, and change of the mixture from turbid to transparent indicates a 
positive result. Both pharmacologic and high doses of heparin are used as previously 
described. This technique is sensitive and specific; however, visual interpretation can 
result in substantial interobserver variability. On the other hand, an advantage of the 
HIPA is possibility for repeat testing over time.

Interpretation of Functional Platelet Assays: Despite advances in laboratory 
testing for HIT, ability to detect pathogenic HIT antibodies relies upon their detection 
using functional platelet assays. eIAs are useful for screening; however, it is important 
to be aware of the differences of antibody specificity used in coagulation laboratories.

Other Methodologies: Quantification of platelet microparticles and annexin 
V binding assays have also been published as effective methods of anti-PF4/heparin 
antibody detection; however, these are not in widespread clinical use.
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Molecular Biology of von Willebrand Disease
Connie H. Miller, PhD

C H A P T E R  122
von Willebrand Factor (VWF) is a large adhesive glycoprotein required for platelet 
adhesion to sub-endothelium at the site of vessel injury, platelet aggregation to form 
the platelet plug, and stabilization of Factor VIII (FVIII) in the circulation. Deficiency 
or defect of VWF leads to the common disorder of hemostasis von Willebrand disease 
(VWD). Most cases of VWD, but not all, are due to defects in the structural gene for 
VWF, located on chromosome 12p. VWF forms a non-covalently bound complex with 
FVIII, which may lead to a secondary decrease of FVIII coagulant activity (VIII:C)  
in VWD, although the FVIII gene on the X chromosome is normal.

The VWF gene includes 52 exons, covering 178 kilobases (kb) of DNA (Figure 
122.1); it encodes an mRNA of about 9 kb. In addition, there is a pseudogene for VWF 
located on chromosome 22q, which is a copy of exons 23–34. The VWF gene pro-
duces a 2813 amino acid (AA) polypeptide. After intracellular processing, the mature 
subunit consists of 2050 AA with a molecular weight of 260,000 Da. Processing 
occurs in the endoplasmic reticulum (ER) and the Golgi. In the ER, a 22-AA sig-
nal peptide is cleaved, dimers are formed by disulfide bonds at the carboxyl termini,  
and N-linked glycosylation occurs. In the Golgi, O-linked glycosylation occurs, large 
polymers called multimers are formed by disulfide bonds at the amino termini, and 
a 741-AA propeptide (VWFpp) is cleaved. The protein is secreted or stored as mul-
timers reaching 20 million daltons. After release from cells, the ultra-large multim-
ers are reduced in size by proteolytic cleavage by the metalloproteinase ADAMTS13. 
Failure of cleavage results in the ultra-large multimers seen in thrombotic thrombo-
cytopenic purpura (TTP).

VWF is made up of 11 domains (Figure 122.1). Four D domains are present at the 
N-terminus. FVIII binding involves the D and D3 domains. Three central A domains 
include the GPIb and collagen binding sites. The GPIIb/IIIa binding site is in the C 
domains at the carboxyl-terminus. Dimer formation involves the carboxyl terminus, 
while multimer formation occurs at the N-terminus. Normal VWF function requires 
the presence of high molecular weight multimers.

Over 250 mutations in the VWF gene have been shown to cause VWD, including 
missense, nonsense, frameshift and splice-site mutations, as well as insertions and 
deletions. They are listed in the ISTH SSC VWF database (http://www.vwf.group.shef.
ac.uk/). Many mutations are unique to individual families, while a few recur, such as 
Y1584C in type 1 VWD. Locations of common mutations for various types of VWD 
are shown in Figure 122.1.

VWD is classified based on quantitative and qualitative tests of VWF, as described 
in Chapters 123 and 124. Type 1 VWD, a partial quantitative deficiency of VWF, may 
result from a wide range of mutations throughout the gene. Two large studies charac-
terizing type 1 mutations have demonstrated that not all patients with type 1 have a 
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Figure 122.1 The von Willebrand factor (VWF) protein sequence (top), domain structure and binding 
sites (middle) and cDNA sequence (bottom). Type 2A1 is due to abnormal synthesis and 2A2 is due to 
increased proteolysis. Reproduced by permission of RR Montgomery.
mutation in the VWF gene. Those without VWF mutations may have defects in other 
genes, as yet unidentified.

VWD with a qualitative defect in VWF is defined as type 2, with subtypes. Type 2 A 
is due to decrease in high molecular weight multimers, through either decreased syn-
thesis or increased proteolysis. Mutations for the former are found in the D1 domain. 
Mutations causing increased proteolysis are often found in the A2 domain. Type 2B is 
due to increased binding of VWF multimers to platelets and results from mutations 
in the GPIb binding region of the A1 domain. Type 2 M VWD results in decreased 
binding to GPIb due to mutations located primarily in the A1 domain. Most muta-
tions for types 2 A, 2B and 2 M VWD can be identified by sequencing exon 28. In type 
2 N VWD, VWF functions normally in its interaction with platelets but fails to bind to 
and stabilize FVIII. In the absence of VWD binding, FVIII is highly labile, with steady-
state levels as low as those seen in hemophilia A. This form, which mimics hemophilia 
A, is caused primarily by mutations in exons 18–20 or 23–24.

Type 3 is a complete or nearly complete deficiency of VWF, due to homozygos-
ity or compound heterozygosity for VWF mutations. Type 3 mutations are scattered 
throughout the gene, and nonsense and frameshift mutations are the most common. 
Large deletions of the VWF gene have been linked to formation of alloantibodies to 
normal VWF after replacement therapy.

DNA Sequence Analysis: Specific regions of involved genes are sequenced to iden-
tify mutations associated with subtypes of VWD by polymerase chain reaction (PCR) 
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and direct sequencing. These tests are used to confirm a diagnosis of Type 2 A, 2B, 
2 M, 2 N or platelet-type VWD. Sequencing of the entire VWF gene is not usually per-
formed for clinical purposes, due to its large size. Specific areas known to have a high 
frequency of mutations for certain subtypes may be sequenced relatively easily with 
automated methods. Mutations occurring outside of the targeted area may be missed.
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Lillicrap D. (2004). The Basic Science, Diagnosis, and Clinical Management of von 

Willebrand Disease. Montreal: World Federation of Hemophilia, Monograph No. 
35 (available at: http://www.wfh.org/2/docs/Publications/VWD_WomenBleeding 
Disorders/TOH-35_English_VWD.pdf/).

Sadler JE, Budde U, Eikenboom JCJ et al. (2006). Update on the pathophysiology 
and classification of von Willebrand disease: a report of the Subcommittee on von 
Willebrand Factor. J Thromb Haemost  4, 2103–2114.
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Laboratory diagnosis of inherited  
von Willebrand disease
Connie H. Miller, Phd

C H A P T E R  123
von Willebrand disease (VWd) includes both quantitative and qualitative disorders 
of von Willebrand Factor (VWF). Routine screening tests are not useful in diagnosis 
of most forms of VWd. The activated partial thromboplastin time (PTT) is prolonged 
only in the minority of VWd patients who have reduced Factor Viii (FViii) coagu-
lant activity (Viii:C). Prothrombin time, thrombin time and fibrinogen are normal. 
The platelet function analyzer (PFA) will detect moderate to severe VWd, but is not 
sufficiently sensitive to allow exclusion of the diagnosis. Accurate diagnosis and char-
acterization of VWd subtype require a panel of tests measuring different aspects of 
the Factor Viii/VWF complex, which are described below.

All VWF measures are influenced by ABO blood group, with group O individuals 
having 20–25% lower VWF and Viii:C than those with non-O groups in the relation-
ship O  A  B  AB. African Americans show significantly higher levels of VWF 
antigen (VWF:Ag) and Viii:C. Use of ABO blood group- and race-specific reference 
ranges for diagnosis has been proposed, but remains controversial. VWF is an acute 
phase reactant, and is elevated with pregnancy, inflammation and chronic disease. 
VWF is lowest in days 1–4 of the menstrual cycle, and testing women during menses 
has been advocated to minimize variability. if test results are inconclusive, repeat test-
ing is warranted. Comparison to a single standard, preferably measured against the 
World Health Organization international standard, is important to allow use of ratios 
of the test results to reach a diagnosis.

Ristocetin cofactor: Ristocetin cofactor (VWF:RCo) is the most useful clinical 
test for diagnosis of VWd and for monitoring most VWd treatment. The test is an 
indicator of the ability of VWF to link platelet glycoprotein (GP) iib/iiia receptors. 
Platelet aggregation or agglutination by VWF occurs in vitro only when the antibi-
otic ristocetin induces a conformational change in VWF allowing binding. VWF:RCo  
is expressed in units per milliliter (U/ml) or in units per deciliter (U/dl), which is 
equivalent to %. VWF activity is measured by agglutination of washed, lyophilized 
or formalin-fixed normal platelets by patient plasma in the presence of ristocetin. 
Agglutination can be measured by aggregometry, automated coagulation analyzer or 
visual agglutination.

VWF antigen: VWF:Ag is measured immunologically by its reaction with heter-
ologous antibodies with the use of enzyme-linked immunosorbent assay (ELiSA) or 
latex immuno-assay (LiA). Gel techniques have been shown to be less reproducible 
than ELiSA or LiA. VWF:Ag is expressed in units per milliliter (U/ml) or in units per 
deciliter (U/dl), which is equivalent to %.
649
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Factor VIII coagulant activity: Viii:C is secondarily reduced in VWd due to 
lack of sufficient VWF to stabilize it in the circulation, or decreased ability of VWF 
to bind FViii. Viii:C is used in the diagnosis of inherited or acquired VWd, in the 
monitoring of VWd therapy, and in the diagnosis of inherited or acquired hemophilia 
A. Measurement of Viii:C is by clotting or chromogenic assays. Viii:C is expressed in 
units per milliliter (U/ml) or in units per deciliter (U/dl), which is equivalent to %.

collagen binding assay: Collagen binding assay (VWF:CB) measurement is 
used in the diagnosis and classification of VWd. VWF:CB is determined by ELiSA 
of VWF binding to collagen on microtiter plates. This test is highly dependent on the 
type of collagen used. it is sometimes performed as a substitute for VWF:RCo, but 
measures a different function of VWF: its ability to bind to subendothelial collagen 
to allow platelet adhesion. VWF:CB is expressed in units per milliliter (U/ml) or in 
units per deciliter (U/dl), which is equivalent to %. This test is not widely available for  
clinical use.

Ristocetin-induced platelet aggregation: Ristocetin-induced platelet aggrega-
tion (RiPA) is measured by aggregation of patient’s platelets in platelet-rich plasma 
(PRP) by addition of ristocetin in two concentrations. RiPA is not specific for VWd; 
it also detects Bernard-Soulier syndrome (BSS). decreased RiPA from VWd can be 
corrected by addition of normal plasma, while that from BSS cannot. RiPA is not sen-
sitive to all forms of VWd, and is frequently low in African Americans without VWd. 
When RiPA is performed with low concentrations of ristocetin, at which platelets 
from normal individuals fail to aggregate, increased aggregation occurs in two disor-
ders: type 2B VWd and platelet-type VWd. A test measuring binding of VWF to fixed 
normal platelets can differentiate the two disorders.

VWF multimers: VWF multimer analysis is used in the diagnosis of inherited or 
acquired VWd and classification of VWd subtype (rarely, it is used in the diagnosis 
of thrombotic thrombocytopenic purpura). Separation of VWF multimers is by SdS-
agarose gel electrophoresis and reaction with polyclonal anti-VWF antibodies, usually 
by Western blot. VWF structural abnormalities revealed by analysis of VWF multimers 
are used to distinguish type 1 from type 2 VWd, and to distinguish between subtypes 
of type 2 VWd. Type 1 has normal sized multimers, but may have decreased intensity 
of bands due to quantitative defects. in contrast, type 2 A has decreased high molecu-
lar weight multimers as a result of mutations that prevent multimerization or lead to 
increased clearance. Type 2B can also have decreased high molecular weight multim-
ers because they are removed from circulation as a result of their increased binding 
affinity for platelets. Normal multimers are seen in types 2 M and 2 N. Examples are 
shown in Figure 123.1.

VWF Inhibitor: VWF inhibitor is used in the detection of antibodies interfering 
with VWF function in patients with type 3 VWd or acquired VWd. VWF:RCo meas-
urement in a mix of patient plasma and normal pool plasma (NPP) is compared to 
that in a mix of buffer and NPP. The test is analogous to the Bethesda method for 
FViii inhibitors (Chapter 128). decrease in the VWF:RCo in a mix of patient and 
NPP when compared to a mix of buffer and NPP suggests the presence of an inhibi-
tor. inhibition of Viii:C in the Bethesda assay may also occur.
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Figure 123.1 von Willebrand Factor multimer patterns in types of von Willebrand disease. Modified 
from Lillicrap (2004).
VWF binding to platelets: A monoclonal antibody to VWF is used to detect 
binding of patient’s VWF to formalin-fixed normal platelets in the presence of low 
concentrations of ristocetin by ELiSA or fluid phase binding assay. This assay is used 
to distinguish between type 2B and platelet-type VWd. Plasma VWF from a type 2B 
patient will show increased binding to normal platelets. Plasma VWF from a platelet-
type VWd patient will bind normally to platelets, since the defect is in the patient’s 
platelets. The test may be less sensitive if the patient’s VWF:Ag is less than 10 U/dl.

Factor VIII binding to VWF: Patient VWF is captured by a monoclonal antibody 
and quantitated, then reacted with normal FViii. FViii bound is measured by chro-
mogenic methods (ELiSA or fluid phase binding assay). This test is used to distin-
guish between type 2 N VWd and mild hemophilia or hemophilia carrier. Results are 
expressed as the ratio between bound VWF and bound FViii. Patients with type 2 N 
VWd show a reduced ratio.

DNa sequencing: dNA sequencing is described in Chapter 122.

Diagnosis of VWD types: Expected test results for different types of VWd are 
shown in Table 123.1.

Type 1 VWD: Type 1 VWd is the most common form. VWF:Ag, VWF:RCo and 
VWF:CB are usually decreased proportionately to 10–50 U/dl. Viii:C is often normal. 
Mutation analysis has found 85% of type 1 patients with VWF:Ag 40 iU/dl and 52% 
of those with VWF:Ag  40 iU/dl to have a VWF mutation. VWF multimers are nor-
mal with the usual methods; however, recent studies suggest that there may be subtle 
defects detectable only with more sensitive techniques.

Type 2 VWD: Type 2 VWd forms have structurally abnormal VWF, which may 
be present in normal or reduced quantities. The VWF:RCo to VWF:Ag ratio is usu-
ally below 0.6–0.7. in type 2 A, high molecular weight multimers are missing due to 
abnormal synthesis or increased clearance. RiPA is decreased. in type 2B, increased 
binding of VWF to platelets leads to loss of HMW multimers and mild thrombocy-
topenia. RiPA is increased with low amounts of ristocetin. in type 2 M, the ratio of 
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Table 123.1 Diagnostic Test Results in Various Types of von Willebrand Disease

Feature 1 2A 2B 2M 2N 3

VWF antigen D N/D N/D N/D N a

VWF Ristocetin cofactor D D D D N a

FVIII activity N/D N/D N/D N/D D D

VWF : RCo/VWF : ag N D D D N –

RIPa N/D D I D N a

FVIII binding N N N N D N

VWF multimers N ab ab N N a

PFa-100 N/ab ab ab ab N ab

Inheritance pattern aD aD/aR aD/aR aD/aR aR aR

A, absent; AB, abnormal; Ad, autosomal dominant; AR, autosomal recessive; d, decreased; i, increased; N, normal.
VWF:RCo to VWF:Ag is reduced but multimers appear normal. This is due to a defect 
in the binding site for GPib; clinically, this is a subtle distinction from type 1 and may 
be missed if tests are not appropriately standardized. Type 2 N is caused by a defect in 
the VWF binding site for FViii. Viii:C is reduced to 5–20 iU/dl, while VWF appears 
quantitatively and qualitatively normal. This form of VWd may be misdiagnosed as 
mild hemophilia A or hemophilia carrier. Type 2 N may be seen in compound hetero-
zygosity with other forms of VWd, in which case it is suspected because of a reduced 
Viii:C to VWF:Ag ratio. it may be confirmed by measurement of Viii:C binding to 
patient’s VWF, or detection of a 2 N mutation.

Type 3 VWD: Type 3 VWd which is the most severe type, results from two abnor-
mal alleles. Essentially, no VWF is produced, resulting in undetectable levels of VWF:
Ag, VWF:RCo and VWF:CB. Viii:C is  10 U/dl. Type 3 individuals may develop 
alloantibodies against VWF, and should be monitored for that event.

Platelet-type or Pseudo-VWD: Platelet-type or pseudo-VWd mimics type 2B 
VWd but is due to a defect in platelet GPib not VWF. The two can be distinguished 
by testing of VWF binding to platelets or by dNA sequencing.
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Laboratory Diagnosis of Acquired  
von Willebrand Syndrome
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C H A P T e R  124
Acquired von Willebrand syndrome (AVWS) is a rare disorder in which labora-
tory findings and clinical symptoms mimic various types of von Willebrand disease 
(VWD). It may be suspected in a patient with abnormal VWD tests and no previous 
history of excessive bleeding, who has one of the disorders and conditions listed in 
Table 124.1 or one with a similar mechanism. The International Registry on AVWS 
(http://www.intreavws.com/) lists over 100 cases, only 2 of which are idiopathic. 
AVWS may be due to the presence of an autoantibody, adsorption of VWF by cells 
or surfaces, increased proteolysis, or decreased or aberrant production. VWF may be 
adsorbed to tumor cells, lymphocytes, plasma cells or activated platelets. In congenital 
or acquired cardiac defects, AVWS may result from adsorption of HMW multimers to 
aberrant structures or from increased proteolysis due to high shear stress, and often 
resolves with surgical correction. Hypothyroidism leads to decreased VWF production,  
which is restored by treatment.
Table 124.1 Disorders and Conditions associated with acquired von Willebrand 
Syndrome

Lymphoproliferative disorders Monoclonal gammopathy of undetermined significance, multiple 
myeloma, non-Hodgkin lymphoma, hairy cell leukemia, chronic 
lymphocytic leukemia, Waldenstrom macroglobulinemia

Myeloproliferative disorders Polycythemia vera, chronic myeloid leukemia, essential 
thrombocythemia, myelofibrosis

Neoplastic disorders Wilms tumor (nephroblastoma), peripheral neuroectodermal 
tumor, adrenocortical carcinoma, gastric carcinoma, acute 
lymphoblastic leukemia, lung cancer, acute myeloid leukemia

Autoimmune disorders Systemic lupus erythematosus, scleroderma, mixed connective tissue 
disease, ehlers Danlos syndrome, autoimmune hemolytic anemia, 
Felty syndrome

endocrine disorders Hypothyroidism, diabetes mellitus

Cardiovascular diseases Cardiac defects (VSD, ASD), aortic stenosis, angiodysplasia, mitral 
valve prolapse

Infectious diseases epstein-Barr virus, hydatid cyst

Drugs Ciprofloxacin, valproic acid, griseofulvin, hydroxyethyl starch

Other Uremia, hemoglobinopathies, reactive thrombocytosis, pesticide 
ingestion, glycogen storage disease, sarcoidosis, telangectasis, 
ulcerative colitis, bone marrow transplant, graft-versus-host disease
653
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The diagnosis of AVWS uses the assays described in Chapter 123 for inherited 
VWD: Von Willebrand Factor antigen (VWF:Ag), ristocetin cofactor (VWF:RCo), col-
lagen binding (VWF:CB), VWF multimers and VWF inhibitor. Measurement of VWF:
RCo is the most sensitive test. In contrast to inherited VWD, however, more than 80% 
of AVWS cases show loss of high molecular weight VWF multimers. Inhibitory autoan-
tibodies directed against VWF or the Factor VIII/VWF complex are detected in fewer 
than 20% of AVWS cases by inhibition of VWF:RCo or VWF:CB in mixing studies. 
Non-neutralizing antibodies may lead to increased clearance of immune complexes, 
yet be undetectable in vitro. The presence of immune complexes containing VWF has 
sometimes been demonstrable by gel techniques, such as crossed immunoelectrophore-
sis, or by their adsorption to staphylococcal protein A. Adsorption of VWF to cells and 
surfaces may be manifested only as loss of high molecular weight multimers.

Recommended Reading
Federici AB, Rand JH, Bucciarelli P et al. (2000). Acquired von Willebrand syndrome: 

data from the International Registry. Thromb Haemost 84, 345–349.
Kumar S, Pruthi RK, Nichols WL. (2002). Acquired von Willebrand disease. Mayo Clin 

Proc 77, 181–187.
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von Willebrand Disease
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C H A P T e R  125
von Willebrand disease (VWD) may be treated by raising the patient’s own von 
Willebrand Factor (VWF), by replacement of VWF, and by use of adjuvant therapies 
with a global effect on hemostasis. A treatment plan must be based on an accurate 
diagnosis of the type and severity of VWD present in the patient and the specific  
clinical situation (i.e. actively bleeding or undergoing minor or major surgical 
procedure).

Laboratory tests used to monitor treatment of VWD include ristocetin cofactor 
(VWF:RCo), Factor VIII activity (VIII:C) and platelet function analyzer (PFA). VIII:C  
level is thought to be the most important determinant for surgical and soft tissue 
bleeding, while VWF:RCo level is more important for mucous membrane bleeding. 
The PFA closure time (CT) has also been used to monitor therapy, and has largely 
replaced the bleeding time for that purpose.

Treatment Modalities:

DDAVP: DDAVP (1-deamino-8-D-arginine vasopressin, desmopressin) has been 
used for more than 25 years to treat VWD. It acts by causing secretion of stored VWF 
from endothelial cells. It is most effective in patients with type 1 VWD, who have 
stores of normal VWF available, and is less effective in patients with type 2 variants, in 
which the VWF produced is abnormal in structure. It is generally ineffective in type 3 
patients. DDAVP is contraindicated in type 2B VWD, because release of more avidly 
binding VWF may cause or worsen thrombocytopenia. Because there are individual 
differences in response to DDAVP, a test dose is often given to gauge the patient’s 
response. A three- to five-fold increase over baseline levels of VWF:RCo is expected. 
VWF:RCo should rise to 30 U/dl. The maximum levels of VIII:C and VWF occur 
30–60 minutes after DDAVP administration. Measurements of VWF:RCo and VIII:C  
should be made at baseline, within 1 hour, and 2–4 hours later. The PFA CT has been 
shown to correlate with VWF:RCo levels following DDAVP in patients with type 1 
and type 2 VWD, and can be used rapidly to measure response.

VWF Replacement: VWF replacement requires use of FVIII plasma-derived con-
centrates specifically labeled to contain VWF. Most recombinant and monoclonally 
prepared VIII:C concentrates do not contain VWF. Available concentrates differ in 
their ratios of VWF:RCo to VIII:C, and the presence of high molecular weight mul-
timers. Concentrate use should be monitored with VWF:RCo and VIII:C levels at least 
every 12 hours. PFA CT does not correct when VWF:RCo rises in type 3 patients. Peak 
levels of VWF:RCo and VIII:C over 200 U/dl should be avoided because of increased 
655
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thrombotic risk. Those receiving concentrates for prophylaxis also should have factor 
recovery measured to determine that they do not have sustained high levels. Type 3 
patients treated with VWF-containing products should be monitored for the appear-
ance of inhibitors directed against VWF.

Adjunctive Therapies: Adjunctive therapies, such as antifibrinolytic and topical 
agents, require no laboratory monitoring. estrogens, such as oral contraceptives, may 
increase factor levels; however, they have additional effects promoting hemostasis that 
are not detectable in the laboratory. Some type 3 women respond to hormones with 
decreased bleeding, although VWF levels do not rise.

Recommended Reading
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Willebrand disease: interest and limits of a platelet function analyser at high shear 
rates. Br J Haematol 106, 777–783.

Gill JC. (2004). Diagnosis and treatment of von Willebrand disease. Hematol Oncol 
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C H A P t e r  126
Coagulation factors may be measured by methods assessing both their presence, as 
antigens, and their ability to function, or activity. Inherited coagulation factor deficien-
cies may be of two types. type I defects (quantitative) have decreased absolute amounts 
of the factor, resulting in both decreased activity and antigen levels. type I defects result 
from lack of production or increased clearance of the gene product. type II defects 
(qualitative) have a defective gene product, resulting in decreased activity but normal 
or slightly decreased levels of antigen. type II defects result from a mutation in the gene 
product or altered post-translational modification. Acquired defects may mimic either 
type by decreased or faulty production, increased clearance or inactivation, or the pres-
ence of a circulating inhibitor, usually an antibody, which reacts with the factor to mask 
its activity or remove it from the circulation. figure 126.1 illustrates the relationship 
among functional and immunologic tests and how they reveal underlying structure 
and function. this chapter reviews both the coagulation factor activity (functional) and 
antigen (immunologic) assays for factors II (fII), V (fV), VII (fVII), VIII (fVIII), IX 
(fIX), X (fX), XI (fXI), XII (fXII) and XIII (fXIII), which are indicated in the diag-
nosis of congenital and acquired coagulation factor deficiencies, characterization of 
coagulation factor defects and monitoring of coagulation factor therapy.
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Figure 126.1 Immunologic and functional tests of coagulation factors. , present; , absent;  
↓, decreased. from Miller CH (2006). Laboratory tests for the diagnosis of thrombotic disorders. Clin 
Obstet Gynecol 49, 844–849.
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Methods: Activity assays may be clot-based or chromogenic (amidolytic). Clot-
based factor assays are modifications of the screening tests to allow a single factor to be 
rate-limiting in clot formation. each compares the relative abilities of a test plasma and 
a control plasma to correct the defect of plasma deficient in a given factor. Correction 
is measured in an activated partial thromboplastin time (Ptt) or prothrombin time 
(Pt) based assay. Chromogenic assays also provide all components needed except for 
the factor to be measured; the end-point is not a clot but the cleavage of a synthetic 
substrate through an enzymatic reaction, detected colorimetrically. Immunologic 
tests for measuring coagulation factors include enzyme-linked immunosorbent assay 
(eLISA), latex immunoassay (LIA) and other standard methods. Because the measure-
ment of most clinical relevance is activity, immunologic methods are used primarily to 
characterize the type of defect present as quantitative or qualitative.

Factor Viii activity: factor VIII activity can be measured by a one-stage assay 
based on the Ptt, a two-stage assay (not widely used in the US), or a chromogenic 
method. results are comparable when testing patient plasma, except for a small 
number of mild hemophilia A patients, who give lower values with the two-stage and 
chromogenic assays, and those treated with recombinant fVIII lacking the B domain. 
for quantitation of low levels of VIII:C, a second curve may be generated using VIII:
C reference plasma at concentrations of 0.5–20 U/dl. Measurement of VIII:C concen-
trates requires use of a concentrate standard.

Factor Viii antigen: factor VIII antigen can be measured using only human or 
monoclonal antibodies, and does not precipitate. It is not routinely measured in clini-
cal practice. the old term “factor VIII-related antigen” or VIII:rAg seen in the litera-
ture actually refers to von Willebrand factor antigen (VWf:Ag).

Factor iX activity: factor IX activity is usually measured by one-stage assay based 
on the Ptt. A low curve may also be used to quantitate more accurately the levels of 
IX:C seen in hemophilia patients.

FiX antigen: fIX antigen may be detected with heterologous or monoclonal 
antibodies.

FXi and FXii activities: fXI and fXII activities are usually measured by one-
stage Ptt-based assay. fXII deficiency is often the cause of a prolonged Ptt in a non-
bleeding patient.

Fii, FV, FVii and FX activities: fII, fV, fVII and fX activities are usually measured 
in a one-stage Pt-based method, although other methods are available. All can also be 
detected immunologically.

FXiii: fXIII is not detected by tests with the endpoint of clot formation or thrombin 
generation. Most laboratories screen for fXIII function by assessing stability of a 
clot in either 5 M urea or 1% monochloroacetic acid. this method detects patients 
with clinically significant fXIII deficiency. Actual quantitation of fXIII activity 
requires cleavage of a specific substrate. fXIII subunits A and B can be measured 
immunologically.
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Test performance: for quantitation, clotting time or optical density is plotted 
against concentration using a curve generated from multiple dilutions of the reference 
plasma of known concentration. results are expressed as units per milliliter (U/ml) 
or, more commonly, as units per deciliter (U/dl), which is equivalent to percent of 
“normal” (%). A result of 100 U/dl or 1.00 U/ml is equivalent to 100%. results can 
be expressed in international units (IU) if they are derived from a standard which is 
defined by the manufacturer or calibrated in-house against an international standard.

Deficient plasmas may be obtained from individuals with a known factor defi-
ciency; however, because of viral risk, artificially depleted plasmas have been devel-
oped. they appear to be satisfactory, except in the case of fVIII-deficient plasma 
depleted by monoclonal antibodies, which lacks von Willebrand factor and performs 
differently in fVIII inhibitor assays.

reference ranges for coagulation factors vary with the population to be tested and 
methods used, and should be derived locally whenever possible. Some factors, such 
as fVIII, do not follow a normal distribution in the population. their ranges must  
be calculated in transformed units or as fifth to ninety-fifth percentiles using non-
parametric methods. It is not appropriate to remove outlying values to produce  
normality. Some coagulation factors show differences among populations that affect 
the reference ranges. fVIII activity levels vary significantly by ABO blood group, with 
type O individuals having lower levels. fVIII is significantly higher and fXII signifi-
cantly lower in African Americans.

Sources of error: factor assays performed with clotting techniques are subject to 
interference from heparin. Heparinase may be used to remove heparin prior to assay. 
Lupus anticoagulants will influence clot-based tests for multiple factors. Chromogenic 
assays are not influenced by heparin, lupus anticoagulants or fibrin degradation prod-
ucts (fDP). Measurement of antigen alone may give false assurance that a factor is 
present, since it may be non-functional.

Measurement of factor activity using only one dilution of patient plasma may mask 
the presence of an inhibitor. Multiple dilutions may show that the patient’s plasma has 
a dilution curve that does not parallel the normal, usually indicating presence of an 
inhibitor, often a lupus anticoagulant.

Quality assurance: factor assays require a reference plasma, used to produce a 
curve against which the quantity of a factor can be measured. Commercial reference 
plasmas should provide the source of the quantitation used to set the calibration for 
each factor. Positive and negative controls should be run with each assay.

International Standards: Use of a national or international standard provides 
consistency over time and allows results to be compared across laboratories. Such cali-
brated standards are preferable to use of pooled plasma from a small number of indi-
viduals. International standards are available for fII, fV, fVII, fVIII, fIX, fX, fXI and 
fXIII in plasma (National Institute for Biological Standards and Control, Potter’s Bar).

recommended reading
Andrew M, Paes B, Johnston M. (1990). Development of the hemostatic system in the 

neonate and young infant. Am J Pediatr Hematol Oncol 12, 95–104.
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Andrew M, Vegh P, Johnston M et al. (1992). Maturation of the hemostatic system 
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de Alarcón PA, Werner eJ. (2005). Neonatal values and laboratory methods. In: 
de Alarcón PA, Werner eJ (eds). Neonatal Hematology. Cambridge: Cambridge 
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Miller CH. (2006). Laboratory tests for the diagnosis of thrombotic disorders. Clin 
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Mixing studies
Connie H. Miller, PhD

C H A P T e R 127
In mixing studies, patient plasma with a prolonged activated partial thromboplastin  
time (PTT) or prothrombin time (PT) is mixed with normal pool plasma (NPP). 
PTT or PT is measured after mixing the two samples. Mixing studies are used  
to distinguish among potential causes for a prolonged screening test – in particular, to  
distinguish between a factor deficiency and the presence of an inhibitor.

Method: The standard procedure for PTT or PT is performed on a 1:1 mixture of 
patient plasma and NPP, usually immediately and after 1 hour’s incubation at 37°C.

Interpretation: Mixing study outcomes are summarized in Table 127.1. Complete 
correction of a 1:1 mix suggests a factor deficiency, either congenital or acquired. 
Failure to correct completely suggests an inhibitor interfering with one or more coagu-
lation factors, or a lupus anticoagulant. If repeating the PTT mix after incubation for 
1 hour at 37°C gives a longer time, a FVIII inhibitor, which is time-dependent, may 
be present. Rarely, time-dependent inhibitors may be directed against FV. A PT which 
corrects most often indicates a multifactor deficiency due to the presence of liver dis-
ease, vitamin K deficiency or warfarin; however, it may represent FVII deficiency alone.
Table 127.1 Interpretation of activated partial Thromboplastin Time and pro-
thrombin Time mixing studies in specimens without heparin

Observation Possible cause Tests to perform

APTT 1:1 mix of patient and NPP

Corrected immediately and at 1 hour Factor deficiency Factor VIII, IX, XI, XII 
activities (Factors II, V, X if pT 
also prolonged)

Corrected immediately and prolonged 
at 1 hour

Factor VIII 
inhibitor

Factor VIII activity, if low; 
FVIII inhibitor

Incompletely corrected

Weak la la tests

la la tests

Factor inhibitor Factor VIII, IX, XI, XII 
activities

PT 1:1 mix of patient and NPP

Corrected immediately Factor deficiency Factor II, V, VII, X activities

Incompletely corrected la la tests

Factor inhibitor Factor II, V, VII, X activities

NPP, normal pool plasma; LA, lupus anticoagulant.
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The definition of “correction” varies from laboratory to laboratory because of dif-
ferences in the PTT and PT methods used. some thromboplastin reagents are more 
sensitive than others. Attempts to standardize across laboratories have been generally 
unsuccessful. Consultation with the particular laboratory involved or someone expe-
rienced in interpreting its results may be helpful, particularly when partial correction 
occurs.

Test performance: In clinical situations where specimen volume is limited, as in 
pediatrics, mixing studies may be skipped and appropriate diagnostic tests performed 
instead. With automated analyzers, performing factor assays may be quicker and use 
less plasma than mixing studies. A lupus anticoagulant or non-specific inhibitor may 
be indicated by the reduction of multiple factors.

Sources of error:

Heparin contamination: In a patient who is hospitalized or has a central venous 
access device, the specimen should be treated first with a heparin-neutralizing agent 
(such as heparinase) and the PTT or PT repeated. The tests should normalize if slight 
heparin contamination or a therapeutic level of heparin is present. This step is often 
omitted in outpatients, particularly children unlikely to have heparin exposure, to 
conserve the specimen.

Weak inhibitors: Mixing studies may be misleading if the PTT or PT is only 
slightly prolonged, because a weak inhibitor can be diluted sufficiently in a 1:1 mix to 
disappear.

Quality assurance: This is the same as for standard PTT and PT. NPP should be 
checked for the presence of all coagulation factors and the absence of inhibitors.

Recommended Reading
Forte K, Abshire T. (2000). The use of Hepzyme in removing heparin from blood sam-

ples drawn from central venous access devices. J Pediatr Oncol Nurs 17, 179–181.
Kaczor DA, Bickford NN, Triplett DA. (1991). evaluation of different mixing study 

reagents and dilution effect in lupus anticoagulant testing. Am J Clin Pathol 95, 
408–411.



Specific factor inhibitor testing
Connie H. Miller, PhD

C H A P t e R  128
the coagulation factor inhibitor assay is used to identify inhibitors occurring in 
individuals with inherited factor deficiencies (alloantibodies) and those who are not 
congenitally deficient (autoantibodies). Coagulation factor inhibitors are detected in 
the laboratory by their ability to neutralize specific coagulation factors and must be 
distinguished from non-specific inhibitors, like the lupus anticoagulant. Antibodies 
with type 1 or “simple” kinetics show high affinity and can be saturated. in antibody 
excess, all activity is neutralized. Antibodies with type 2 or “complex” kinetics show 
lower affinity and can dissociate from antigen. Both free antigen and free antibody 
may be present. Most hemophilic inhibitors have type1 kinetics; type 2 is more com-
mon among autoantibodies. factor Viii (fViii) inhibitor quantitation was standard-
ized in 1974, when investigators meeting in Bethesda, Maryland, agreed on a standard 
method and a unit of measure: the Bethesda unit (BU), defined as the amount of 
inhibitor which destroys one-half of the fViii activity (Viii:C) in 1 milliliter (ml) 
of normal plasma within 2 hours. this method has been extended to quantitation of 
inhibitors to other coagulation factors.

Methods: A specific factor assay is performed on a mixture of patient plasma and 
normal pool plasma (NPP) to detect an inhibitor (antibody) to a specific coagulation 
factor.

Issues surrounding laboratory detection of Inhibitors: inhibitors to clot-
ting factors occur as autoantibodies or alloantibodies. these may be suspected when 
multiple dilutions of patient plasma give different activity levels, suggesting that the 
patient’s dilution curve does not parallel the normal. Acquired inhibitors often have 
complex kinetics, such that factor activity may be measurable, even in the presence of a 
significant antibody. Lack of ability to measure in vitro inhibition does not preclude the 
presence of an inhibitor, since immune complexes may be cleared in vivo.

FVIII Inhibitors: fViii inhibitors are time dependent. the Bethesda assay is per-
formed by mixing one part of patient plasma with one part of NPP, incubating at 37°C 
for 2 hours, and measuring the Viii:C remaining in the mixture. this remaining activ-
ity is divided by the activity remaining in a control 1 : 1 mixture of NPP with imidazole 
buffer and multiplied by 100 to give the % residual activity (RA). the RA is converted to 
BU by means of a graph plotting the logarithm of RA against BU (figure 128.1) or by 
use of the equation:

BU ( log RA)(0.301)  2 1

for RA  100%, BU  0. for RA 25–100%, BU of the lowest dilution in that range 
is reported. if no dilution falls above 25%, patient plasma is tested at higher dilutions, 
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FIgure 128.1 Calculation of Bethesda units in the Bethesda assay for inhibitors.
with the first dilution falling between 25% and 75% RA multiplied by the dilution fac-
tor and reported. for inhibitors with complex kinetics, which do not respond linearly 
to dilution, the dilution closest to a RA of 50% is reported. for increased sensitivity, the 
assay may be performed using a higher proportion of patient plasma (e.g. a 3 : 1 mix).

Modifications to increase the sensitivity and reproducibility of the Bethesda 
method have been widely adopted. Substitution of fViii-deficient plasma for buffer 
in patient dilutions and the control mix and buffering of NPP with imidazole to pH 
7.4 serve to maintain the protein concentration and the pH of the mixtures during 
incubation. this has been called the Nijmegen-Bethesda (NB) method, and the results 
are Nijmegen-Bethesda units (NBU).

Factor IX Inhibitors: factor iX (fiX) inhibitors, which occur infrequently in 
patients with hemophilia B, may be measured by the Bethesda method without incu-
bation, since they are not time dependent.

Factor XI Inhibitors: factor Xi (fXi) inhibitors may occur in up to one-third of 
congenitally deficient patients homozygous for the type ii mutation (Glu117Stop) 
and may be time-dependent. these inhibitors are detected by the Bethesda method.

Factors V, VII, X and XIII Inhibitors: inhibitors also are seen rarely in congeni-
tal deficiencies of factors V, Vii and X, and may be detected by Bethesda-type assays. 
fXiii inhibitors may be detected by inhibition of photometric assays of fXiii activity.

von Willebrand Factor Inhibitors: inhibitors directed against von Willebrand 
factor (VWf) in type 3 von Willebrand disease may sometimes be detected by mixing 
patient and NPP and performing a ristocetin cofactor or collagen binding assay. Viii:
C may also be inhibited in a Bethesda assay. Many VWf inhibitors, however, are non-
neutralizing. VWf inhibitors in non-VWD patients will be detected only rarely in a 
Bethesda-type assay.
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Sources of error:

False positive: Lupus anticoagulants and non-specific inhibitors may also be 
present in hemophilia patients and give false-positive results. Heparin contamination 
may also give a false-positive inhibitor test.

False negative: Circulating fViii may complex with antibody, leading to underes-
timation of the inhibitor titer. Heating plasma to 56°C, to destroy endogenous and 
infused fViii without affecting the antibody, may increase the inhibitor titer in some 
patients.

Diagnosis of both alloantibodies and autoantibodies may be complicated by their 
presentation as multifactor deficiencies (table 128.1). At dilutions used in most clini-
cal factor assays, these antibodies interfere with tests of other factors in the intrinsic 
pathway. When patient plasma is tested in higher dilution, accurate measurement of 
the non-inhibited factors is obtained. the same effects may be seen with hemophilic 
inhibitors.
Table 128.1 Dilutional effect of antibodies on factor levels

dilution Factor VIII Factor IX Factor XI Factor XII

factor VIII inhibitor 1 : 5 1 23 19 40

1 : 20 1 45 38 55

1 : 100 1 78 65 82

factor IX inhibitor 1 : 5 1 1 1 –

1 : 20 110 1 70 –
Current clinical inhibitor assays detect only those antibodies which neutralize fac-
tor activity in the fluid phase. In vivo factor recovery studies are required for detection 
of non-neutralizing inhibitors and those with atypical in vitro behavior.

recommended reading
Giles AR, Verbruggen B, Rivard Ge et al. (1998). A detailed comparison of the per-

formance of the standard versus the Nijmegen modification of the Bethesda assay 
in detecting factor Viii:C inhibitors in the haemophilia A population of Canada. 
Thromb Haemost 79, 872–875.

Kasper CK. (1991). Laboratory tests for factor Viii inhibitors, their variation, signifi-
cance and interpretation. Blood Coag Fibrinol 2, 7–10.

Key NS. (2004). inhibitors in congenital coagulation disorders. Br J Haematol 127, 
379–391.

Manco-Johnson MJ, Nuss R. (2000). Heparin neutralization is essential for accurate 
measurement of factor Viii activity and inhibitor assays in blood samples drawn 
from implanted venous access devices. J Lab Clin Med 136, 74.

Salomon O, Zivelin A, Livnat t et al. (2003). Prevalence, causes, and characterization 
of factor Xi inhibitors in patients with inherited factor Xi deficiency. Blood 101, 
4783–4788.



Laboratory diagnosis of dysfibrinogenemia 
and afibrinogenemia
Thomas C. abshire, Md

C h a P T E r  129
abnormalities of fibrinogen may be either genetic or acquired, and may lead 
to bleeding or thrombosis. Fibrinogen is a large glycoprotein present in plasma at a 
concentration of 200–400 mg/dl. It is composed of three separate polypeptide subu-
nits (alpha (), beta () and gamma () chains), each produced by a distinct gene of 
6500–7500 base pairs located at chromosome 4q32. Expression of the closely linked 
genes is regulated together.

The structure of fibrinogen and normal assembly of fibrin monomers after activa-
tion by thrombin are shown in Figure 129.1. Fibrinopeptide a (FPa) is first cleaved by 
thrombin, forming fibrin monomer with exposed sites in the a chain of the E domain 
of fibrinogen with the carboxy terminal region of the  chain (d region of fibrinogen). 
This action allows for polymerization of the fibrin monomers into two-stranded, elon-
gating structures known as protofibrils. Generation of soluble fibrin formed after FPa 
release occurs much more quickly than that achieved by the release of fibrinopeptide B 
(FPB) from the action of thrombin. This latter thrombin cleavage facilitates the lateral 
assembly of fibrin and growth of the fibrin sheaths into a thicker formation. Finally, 
thrombin activates Factor XIII (FXIII), which covalently links the fibrin monomer 
assembly via lysine and glutamic acid bonds to form gamma–gamma dimers in the 
d region of fibrin and then, more slowly, in the alpha polymers. The effect of FXIII 
allows for “tightening” of the d–d region, providing longitudinal strength and alpha 
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Figure 129.1 Fibrinogen structure and fibrin formation. as described in the text, fibrinopeptide 
a (FPa) and fibrinopeptide B (FPB) are progressively cleaved by thrombin to form soluble fibrin and 
fibrin protofibrils. Thrombin then activates FXIII to form a stable fibrin clot. The lower part of the figure 
illustrates the covalently linked stable fibrin.
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polymer tightening, promoting greater end-to-end strength. The effect of FXIII on the 
d–d covalent bond helps to prevent plasmin digestion of fibrin. The role of thrombin 
and plasmin in fibrinogen/fibrin assembly/degradation has importance in the labora-
tory decisions regarding assessment of disorders of fibrinogen and fibrinolysis.

Description, methods and indications: Fibrinogen assays, thrombin and repti-
lase clotting times are measured in the assessment of fibrinogen abnormalities.

Fibrinogen assay measurements: Testing for fibrinogen is primarily by two 
methods. a functional assay using the Clauss or thrombin clotting method (the 
more common method in the US) measures the clotting activity upon addition of 
excess thrombin and diluted plasma. Fibrinogen is detected by measuring electro-
magnetic viscosity. an automated detection system compares the patient level to a 
standard curve. The second method to assay fibrinogen is an antigenic assay, which is 
an immunologic measure of the protein, usually by enzyme-linked immunosorbant 
assay (ELISa). These two assays serve different diagnostic purposes and are used in 
different clinical situations, as described below.

assessment of hypofibrinogenemia and afibrinogenemia: hypofibrinogen-
emia and afibrinogenemia have decreased or absent levels of fibrinogen, respectively. 
The decrease is observed in both functional and antigenic assays; both assays are 
proportionately reduced. If the fibrinogen is sufficiently low, both the PT and PTT 
screening tests may be prolonged; however, the PT and PTT are insensitive to moder-
ate decreases in fibrinogen. decreased or absent fibrinogen may be due to either lack 
of synthesis (genetic defect or liver failure) or consumption. If fibrinogen becomes 
sufficiently low that hemostasis is compromised, then factor deficiency type bleeding 
would be expected (see Chapter 98). replacement of fibrinogen can be achieved with 
cryoprecipitate (see Chapter 31).

assessment for dysfibrinogenemia: In the dysfibrinogenemic state, fibrino-
gen is synthesized in a defective manner, such that its ability to serve as a substrate 
for thrombin is compromised. Thus, the fibrinogen molecule is present and antigen 
assays are typically normal or elevated. In contrast, functional assays show decreased 
levels. This discordance between the functional and antigenic assays for fibrinogen is 
the hallmark of diagnosing dysfibrogenemia. dysfibrinogenemia can be a congenital 
defect, or acquired. For example, nephrotic syndrome, fetal fibrinogen and liver dis-
ease all have increased amounts of sialic acid which impair fibrin formation.

Two tests are typically performed to further assess dysfibrinogenemia: the 
thrombin time and the reptilase time. The thrombin clotting time is a measurement 
of the conversion of fibrinogen to fibrin, and is performed by adding thrombin to 
platelet-poor plasma. It cleaves both FPa and FPB from fibrinogen. The reptilase time 
is a helpful confirmatory test to perform if the thrombin time is prolonged. reptilase 
is an enzyme isolated from the snake venom Bothrops atrox. It cleaves FPa from 
fibrinogen, but does not cleave FPB. The reptilase time is not affected by heparin, 
but may be affected by the same confounding variables that affect the thrombin time. 
In typical dysfibrinogenemia, both the thrombin time and the reptilase time are 
prolonged.



Laboratory�Diagnosis�of�Dysfibrinogenemia�and�Afibrinogenemia� 669
Sources of error:

Fibrinogen detection: Fibrinogen levels that are less than 100 mg/dl or above 
400 mg/dl are re-assayed at alternative dilutions. This automated form of fibrinogen 
assessment is quite reproducible and relatively insensitive to the effect of heparin and 
fibrinogen degradation products (FdP).

Screening tests such as the PT and PTT are often not prolonged unless the fibrin-
ogen level is below 100 mg/dl. When either antigenic or functional fibrinogen levels 
are below 100 mg/dl, the thrombin time (thrombin clotting time, TCT) is often 
elevated.

dysfibrinogen detection: The thrombin time is affected by several conditions. 
It is exquisitely sensitive even to small amounts of heparin. The reptilase time, which 
is not sensitive to heparin, can be used to assess possible heparin contamination. 
additionally, degradation products from either fibrin or fibrinogen and abnormal 
circulating proteins (e.g. gammopathies in multiple myeloma) may prolong both the 
thrombin and reptilase times.

Genetic testing for fibrinogen abnormalities: as discussed in the clini-
cal section on hypo/afibrinogenemia and dysfibrinogenemia, genetic testing must 
be considered to supplement the screening tests discussed here. This is particularly 
important since different fibrinogen abnormalities are known to present with either 
bleeding or clotting, and management is quite different. The website describing the 
details of what is known about the genetics of these conditions has been previously 
described in Chapter 98.

recommended reading
abshire TC, Fink LK, Christian J, hathaway WE. (1995). The prolonged thrombin 

time of nephrotic syndrome. J Pediatr Hematol Oncol 17, 156–162.
Lefkowitz JB, deBoom T, Weller a et al. (2000). Fibrinogen Longmont: a dysfibrino-

genemia that causes prolonged clot-based test results only when using an optical 
detection method. Am J Hematol 63, 149–155.

Martinez J. (1997). Congenital dysfibrinogenemia. Curr Opin Hematol 4, 357–365.
Okuda M, Uemura Y, Naka K, Tatsumi N. (2003). Preparation of a purified fibrinogen 

calibration material for Clauss method and turbidimetric immunoassay possessing 
biological activity and antigenicity. Clin Lab Haematol 25, 167–172.



Laboratory assessment of fibrinolysis
Thomas C. abshire, MD

C H a P T e r  130
The fibrinolytic pathway is important in the maintenance of blood flow, ensuring 
that fibrin clot formation is localized to the site of vascular injury and the clot is 
 dissolved once the injury is healed. fibrinolysis is carefully regulated by a number of 
pro- and anti-fibrinolytic enzymes (figure 130.1). Increased fibrinolysis can result 
in excessive bleeding, but it has been more difficult to prove in animal models and 
humans that reduced fibrinolysis can result in excessive clotting. Hyperfibrinolysis 
should be considered in a patient with non-surgical bleeding whose initial laboratory 
testing reveals no defects within platelets or the coagulation system. The focus of this 
chapter will be on the laboratory parameters helpful in the assessment of a patient 
with hyperfibrinolysis and bleeding, with a brief review on the lack of utility of fibri-
nolytic assays in assessing the evaluation of thrombosis.
Urokinase
(plasma)

Kallikrein

HRGPlasminogen

PAI

TPA
(clot)

TAFI Plasmin

Fibrinogen–fibrin

FDP ECM degradation

MMP
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Figure 130.1 The fibrinolytic pathway in coagulation. TPa, tissue plasminogen activator; PaI-1,  
plasminogen activator inhibitor-1; HrG, histadine-rich glycoprotein; TafI, thrombin activatable 
thrombinolysis inhibitor; 2MG, 2 macroglobulin; 2aP, 2 antiplasmin; MMP, matrix 
metalloproteinases; eCM, extracellular matrix; fDP, fibrin degradation products.
Increased fibrinolysis can either be primary (excessive plasmin and/or tissue 
plasminogen activator [TPa] production in the absence of proportional antecedent 
coagulation activation) or secondary (compensatory response to disseminated intra-
vascular coagulopathy [DIC] or excessive thrombin activation).
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Primary fibrinolysis can arise spontaneously or as a result of thrombolytic therapy. 
TPa converts plasminogen to plasmin, mostly within fibrin strands, with subse-
quent lysis of the clot matrix into fibrin degradation products (fDP). The balance of 
the effects of thrombin and plasmin on fibrinogen/fibrin lead to a stable fibrin clot 
(figure 130.2). Plasmin’s initial effect on fibrinogen is to form fDP and fibrin X. 
fibrin X is then degraded into fragments Y and D. fragment Y is subsequently con-
verted into smaller fragments (less than 100 kDa), known as fragments D and e. These 
can be produced prior to cross-linking of fibrin by fXIII, but may also occur after a 
stable fibrin clot is formed. However, the predominant fDPs generated from a stable 
clot with cross-linked fibrin are complexes DD/e, DY and D-dimer.
B� 1–42 peptide
X, Y, D, E

B� 15–42 peptide
X, Y, D, E

Non-cross-linked fibrin
(soluble fibrin)

Fibrin monomer

XIIIa

Fibrinopeptide A (A� 1–16)
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Figure 130.2 The role of thrombin and plasmin in fibrinogen/fibrin breakdown and the resulting 
fibrin degradation products produced based upon this interaction (fDP X, Y, D, e, DD/e, DY, YD); XIIIa: 
factor XII. from Goodnight SH, Hathaway Ne (2001). Disorders of Hemostasis and Thrombosis, A Clinical 
Guide. New York, NY: The McGraw-Hill Companies. reproduced with permission.
Under normal conditions, the fibrinolytic process remains strictly controlled and 
localized to the fibrin clot; however, in secondary fibrinolysis, usually due to DIC, local 
control is lost and there is often systemic bleeding.

The fibrinolytic pathway is primarily initiated (under physiologic conditions) by 
release of TPa from endothelial cells after vascular injury and fibrin deposition. TPa 
is usually localized within the clot, is bound to fibrin, and facilitates the conversion of 
plasminogen to plasmin. another activator of plasminogen, urokinase, is predominantly 
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produced in the kidney, with small amounts circulating in the plasma as pro-urokinase 
or single chain urokinase. These may be converted to the active form of urokinase via 
the contact pathway system (kallikrein). Plasminogen partially (50%) circulates as a 
reversible complex with histidine-rich glycoprotein (HrG). Both urokinase and plasmin 
are essential to activating the matrix metalloproteases (MMP), a family of zinc pepti-
dases which degrade collagen, fibronectin and other subendothelial contact proteins

Inhibitors to the fibrinolytic pathway are present in the plasma and in the fibrin 
clot. free (non-clot based) plasmin is neutralized by the inhibitor, 2 antiplasmin 
(2aP) as well as by 2 macroglobulin (2MG). Both of these inhibitors are impor-
tant to keep plasmin in balance and block any unopposed degradation of key clot-
ting factors such as fVIII and fibrinogen. Plasminogen activator inhibitor-1 (PaI-1) 
has a greater inhibitory effect on TPa in the plasma. PaI-1 is an acute phase reactant  
which is inactivated by physiologic conditions (e.g. neutral pH). The liver is also 
instrumental in clearing TPa from plasma. Both PaI-1 and liver clearance contribute 
to the short half-life of TPa (approximately 5 minutes). PaI-1 is found in platelets, 
endothelial cells and plasma. another fibrinolytic inhibitor, thrombin activatable fibri-
nolysis inhibitor (TafI), regulates TPa within the fibrin clot. TafI cleaves lysine from 
 partially degraded fibrin, preventing plasminogen and TPa from binding to fibrin.

The fibrinolytic pathway and inhibitors of fibrinolysis are generally balanced, but 
occasionally systemic fibrinolysis can occur when excessive plasma TPa is present 
in conjunction with deficiency of fibrinolytic inhibitors such as PaI-1. additionally, 
impaired ability of the liver to remove TPa and plasmin can also produce a fibrino-
lytic state, as can certain conditions such as malignancy, which may secrete novel fibri-
nolytic procoagulants.

Laboratory testing of fibrinolysis: The following tests are important in assess-
ing the patient who is clinically bleeding when routine screening testing has not 
uncovered a cause, and where antifibrinolytic therapy might be helpful.

euglobulin lysis time: The euglobulin lysis time (eLT) is the standard screen-
ing test for hyperfibrinolysis. The euglobulin fraction of plasma contains: fibrinogen, 
plasminogen, plasminogen activators and plasmin, and is formed as a precipitate. The 
precipitate is lacking fibrinolytic inhibitors. The eLT is performed by isolating the 
euglobulin fraction from patient plasma, suspending it in buffer to which thrombin is 
added, allowing a clot to form, and then measuring clot lysis. a positive test is evident 
with a shortened eLT (usually  60 minutes). This indicates that increased fibrinoly-
sis is present, although the exact cause of the excessive fibrinolysis is not determined 
by this methodology. It is important to note that the eLT can be shortened in con-
sumptive coagulopathies (e.g. DIC); thus, primary hyperfibrinolysis would consist 
of a shortened eLT in the absence of other labs that indicate consumptive processes  
(e.g. schistocytes on peripheral smear).

Alpha 2 Antiplasmin: Low levels of 2aP are associated with excessive fibrinolysis 
due primarily to the low (50%) ratio of 2aP compared to plasminogen. accordingly, 
excessive plasmin, unopposed by 2aP, will contribute to a bleeding state. 2aP is 
measured by its ability to inactivate a known amount of plasmin, with the endpoint 
detected chromogenically.
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Plasminogen Activator inhibitor 1: PaI-1 may be measured by a functional 
assay involving its reaction with either TPa or urokinase. Several methods have been 
described, most utilizing a chromogenic endpoint. available commercial methods have 
been developed to detect high levels of PaI-1 as a thrombotic risk factor, but, for reasons 
stated below, these are not helpful in this setting. additionally, they are not well stand-
ardized for detecting low levels of PaI-1, which may cause excessive bleeding. PaI-1 anti-
gen may also be measured by eLISa, which detects both the active and inactive forms.

tissue Plasminogen Activator: TPa may be measured by a functional assay due 
to its ability to convert plasminogen to plasmin with cleavage of a chromogenic sub-
strate. TPa antigen may also be measured by eLISa. PaI-1 and TPa functional meas-
urements vary inversely, and often are measured together. Patients with decreased 
PaI-1 may have increased TPa. Most assays are designed to detect low TPa as a risk 
factor for thrombosis, but, for reasons described below, are quite variable.

thrombin Activatable Fibrinolysis inhibitor: TafI may be measured by a 
functional assay or immunologically. activated TafI (TafIa) can also be measured. 
although the clinical significance of these tests is not yet clear, TafI provides a marker 
for thrombin generation and the role of thrombin in regulating fibrinolysis.

Fibrinogen: fibrinogen assays are a readily available, and can aid in determining the 
effectiveness of fibrinolytic therapy. Usually, fibrinogen levels are approximately 50% 
of normal during fibrinolytic therapy, such as occurs with the use of TPa. However, 
attempts should be made to maintain the fibrinogen level above 100 mg/dl to mini-
mize the bleeding potential.

Fibrin degradation Products: a variety of tests have been described to moni-
tor different fDPs. In general, these represent more global tests for fibrinolysis and 
fibrinogen/fibrin breakdown. These assays are most sensitive to the smaller fibrino-
lytic fragments of fibrin/fibrinogen, fragments D and e. It is performed utilizing a 
latex agglutination methodology (latex particles coated with antibodies to fragments 
D and e). D-dimers can be particularly informative because, unlike fragments D 
and e, D-dimers are only formed after factor XIIIa has cross-linked fibrin. Thus, D-
dimers indicate a more stable clot formation.

Sources of error: There is a variety of pre-analytical errors that can occur in tests 
of fibrinolysis. It is important that these specimens are carefully drawn from patients 
in a fasting state, usually in the morning and, if possible, without concomitant inflam-
mation and stress. Lack of attention to these variables may contribute to false eleva-
tion, especially for TPa and PaI-1. The variability associated with testing is one reason 
why it is difficult to correctly attribute lack of fibrinolysis to either an acquired or a 
congenital thrombotic state, and why many investigators are not convinced that either 
reduced synthesis of TPa or high levels of PaI-1 actually contribute to thrombosis.

In general, increased circulating plasminogen activators can occur with excessive 
thrombolytic agents such as TPa, or in conditions such as liver disease, certain malig-
nancies (e.g. acute promyelocytic leukemia) and CPB. Decreased inhibitors to fibri-
nolysis, such as diminished 2aP and decreased PaI-1, can rarely occur on a genetic 
basis or in the acquired conditions of liver disease, and occasionally in amyloidosis.
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finally, D-dimers constitute a special case that deserves particular attention. first, 
D-dimers are cleared by the liver. Thus, in advanced liver failure, D-dimers can be 
elevated by mechanisms other than increased fibrinolysis. However, plasminogen acti-
vators are also cleared more slowly in liver failure and there is decreased production 
of 2aP, which can contribute to authentic hyperfibrinolysis. Thus, interpretation of 
elevated D-dimers in liver failure must include these confounding factors. as the fDP 
assays are often agglutination based (including D-dimers), they are susceptible to the 
prozone effect. In particular, very high levels of D-dimers may give a false-negative 
result. If there is a clinical picture that would lead to a high index of suspicion for 
pathophysiology that would typically result in elevated D-dimers, but the D-dimer 
levels are normal, the laboratory should be asked to perform a dilution of the speci-
men to test for the prozone effect. If the prozone effect is present, dilution of the spec-
imen will convert a low or normal level to a high level.
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C H A P T E r  131
It has long been appreciated that multiple factors can contribute to the evolution 
of a thrombophilic state. Virchow’s triad is a concept delineating the pathogenesis of 
venous thromboembolism (VTE) proposing that a predisposition to VTE occurs as 
a result of (1) alterations in blood flow (blood stasis), (2) vascular endothelial injury, 
and (3) alterations in the constituents of the blood that favor clotting (hypercoagu-
ability). In normal hemostasis, the complex interaction between endothelium, plate-
lets and clotting cascade sets in motion a hemostatic response, which is rapid and 
localized to the injury site. In contrast, the thrombophilic state ensues when clotting 
occurs in the absence of injury, or when appropriate clotting extends beyond appro-
priate boundaries in an unchecked response. Perturbation in each of the components 
of Virchow’s triad can lead to thrombophilia, due either to inappropriately increased 
activation or to deficits in natural anticoagulant and/or clot removal pathways.

Pathophysiology:

Blood Stasis: Venous stasis represents an important pathogenic factor in the devel-
opment of thrombosis. The role of venous stasis has been investigated in patients with 
spinal cord injury and other forms of paralysis. These studies show that the majority 
of venous thrombi originate in regions of slow blood flow, such as the large venous 
sinuses of the calf and thigh or in valve cusp pockets or bifurcations of the venous 
system. This becomes particularly apparent in situations of physical inactivity such as 
bed rest and during air travel, where the lack of pumping action of the large muscles 
causes decreased blood flow or stasis. It has been suggested that blood-pooling leads 
to activation of the coagulation system, thus resulting in a state of local hypercoagu-
ability. In addition, possible endothelial damage from distension of the vessel walls by 
the pooling blood leads to further activation of the homeostasis system. The activa-
tion products of clotting and fibrinolysis can also induce endothelial damage, which, 
in a feed-forward loop, promotes a local state of hypercoaguability.

Vessel Wall Injury: Vessel wall injury can occur due to physical trauma, inflam-
matory vasculitis from a variety of etiologies, or coagulation activation itself by 
effects of coagulation factors on the endothelium. Surgical manipulation of ves-
sels is a key source of vessel wall injury and vascular activation. For example, dam-
age to the vascular endothelium is a key predisposing factor to venous thrombosis 
after major hip or knee surgery.

Hypercoaguability: The risk of venous thrombosis is increased when the homeo-
static balance between pro- and anti-coagulant forces is shifted in favor of coagula-
tion. When this imbalance is due to an inherited defect, the resulting hypercoaguable 
677
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state remains a lifelong risk factor for thrombosis. In contrast, hypercoaguability due 
to a transient factor should be treated only as long as the risk factor is present. In most 
cases, disturbances in the coagulation cascade arise in inherited thrombophilias. Since 
each genetic defect represents an independent risk factor for thrombosis, individuals 
with multiple defects have a significantly increased risk of thrombosis.

Specific Perturbations Leading to Hypercoaguability: A variety of changes 
in the balance of coagulation activation and natural anticoagulation are now under-
stood to play a role in thrombophilic states, as a result of either increased coagula-
tion activation or decreased natural anticoagulation. The list of such factors continues 
to grow, with an evolving array of potential molecular changes that may promote 
thrombosis. Such factors include (but are not limited to) increased coagulation fac-
tors, decreased antithrombin, decreased protein C and protein S, and decreased tis-
sue factor pathway inhibitor. Moreover, mutations that make factors resistant to their 
natural inhibitors (e.g. Factor V Leiden) can lead to thrombophilia. Thrombosis can 
also be promoted due to decreased fibrinolysis from changes in proteins such as plas-
min, tissue plasminogen activator (t-PA) and PAI-1. A general overview of these fac-
tors is presented here, and more thorough details can be found in individual chapters 
devoted to these different factors.

Increased Coagulation Factors: Increased levels of certain coagulation factors 
are in themselves an independent risk factor for thrombosis. Most notably, elevated 
Factor VIII levels increase thrombotic risk. In addition, the G20210A mutation in the 
prothrombin gene results in increased levels of prothrombin, which can promote clot 
formation.

Antithrombin System: There are two principal mechanisms by which thrombin 
activity is regulated. Antithrombin (AT) is a circulating plasma protease inhibitor. It 
neutralizes several of the enzymes in the clotting cascade, especially thrombin, Factors 
Xa and IXa, as well as Factors XIIa and XIa. AT has two active functional sites: the 
reactive center, Arg393-Ser394; and the heparin-binding site located at the amino 
terminus of the molecule. The binding of endogenous or exogenous heparins to the 
heparin-binding site on AT produces a conformational change in AT which acceler-
ates the inactivating process 1000- to 4000-fold.

Heparins contain a specific pentasaccharide that is important for binding to AT. 
The glycosaminoglycan heparan sulfate found on endothelial surfaces also contains 
this pentasaccharide and may mediate part of the physiologic action of AT. This 
endothelial system in which the cell surface is coated with activated AT is poised to 
rapidly inactivate any excess thrombin in the general circulation. The potential of this 
system is magnified by the surface–volume geometry of the microcirculation, in which 
1 ml of blood can be exposed to as much as 5000 cm2 of endothelial surface. Thrombin 
activity is also inhibited by 2-macroglobulin, heparin cofactor II and 1-antitrypsin.

Activated Protein C and Protein S System: As coagulation activation progresses, 
thrombin activates protein C which, together with its natural cofactor protein S, inac-
tivates Factors Va and VIIIa. In this way, proteins C and S inactivate the prothrombi-
nase and the intrinsic tenase, complexes. Deficiencies in either protein C or S can lead 
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to a hypercoaguable state. In addition, a functional equivalent of a defect in protein C 
activity can arise from altered Factor V. In particular, the Factor V Leiden trait carries 
a mutation such that it is a poor substrate for protein C and is therefore inactivated 
more slowly, resulting in a hypercoaguable state.

Tissue Factor Pathway Inhibitor: Tissue factor pathway inhibitor (TFPI) circu-
lates in plasma, but at very low concentrations compared to AT. TFPI inhibits Factor 
Xa in two ways: it directly inhibits Factor Xa, and it complexes with Factor Xa and the 
complex inhibits TF/FVIIa, thereby impairing the triggering mechanism of the extrin-
sic pathway. TFPI is primarily synthesized by the microvascular endothelium. About 
20 % of TFPI circulates in plasma in association with lipoproteins, while the major-
ity remains associated with the endothelial surface, apparently bound to cell-surface 
glycosaminoglycans. The plasma concentration of TFPI is greatly increased following 
intravenous heparin administration; this release of endothelial TFPI may contrib-
ute to the anti-thrombotic efficacy of heparin and low-molecular-weight-heparin. 
recombinant TFPI is currently being evaluated as one of several new anticoagulants.

Fibrinolytic System: The fibrinolytic system is essential for removal of excess fibrin 
deposits in order to preserve vascular patency. The circulating proenzyme plasmino-
gen is a single-chain glycoprotein with an molecular weight of 90 kDa. Cleavage of the 
Arg560–Val561 bond converts plasminogen to an active two-chain plasmin molecule. 
Plasmin digests cross linked fibrin. Conversion of plasminogen to plasmin is achieved 
by a variety of plasminogen activators that include physiological substances such as 
urokinase and t-PA, as well as streptokinase. Hereditary or acquired defects in finbri-
nolysis can lead to hypercoaguability.

The most important circulating plasminogen activator in humans is t-PA. As both 
t-PA and plasminogen bind to the fibrin gel and are incorporated into the develop-
ing thrombus, the stage is set for dissolution of the fibrin clot from its inception. The 
control of plasmin generation is as important as the previously described control of 
thrombin. The strongest inhibitor of plasmin is 2-antiplasmin, a single-chain protein 
that forms a 1 : 1 complex with plasmin so rapidly that, under normal circumstances, 
free plasmin is never detectable. Other inhibitors of minor significance are 2-mac-
roglobulin and 1-antitrypsin. The most important inhibitor of t-PA is the PAI-1, 
which not only inhibits t-PA but also urokinase plasminogen activator (u-PA). PAI-1 
circulates in plasma in a free, non-complexed form of 48 kDa and as a complex with t-
PA of 110 kDa. In normal human plasma, most of the t-PA is complexed. Plasma-PAI-1 
behaves as an acute phase reactant, rising in a variety of pathological conditions and 
occurring in relatively large quantities in platelets.
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C H A P T e r  132
Antithrombin (AT) (previously called antithrombin III) is a natural anticoagulant 
which, upon activation by heparin, is a potent inactivator of coagulation. The pre-
dominant activities of AT are inhibition of distal coagulation factors thrombin (Factor 
IIa) and Factor Xa. However, AT also has some activity against more proximal factors 
(Factors IXa, XIa and XIIa), contact factors and, in some cases, Factor VIIa.

AT functions normally in the absence of administered heparin, presumably by 
activation by heparan sulfate associated with the vascular endothelium. However, 
therapeutic administration of heparin greatly enhances this activity. Inherited AT 
deficiency can consist of quantitative (type I) deficiencies in which AT is normal but 
present at decreased levels, or qualitative (type II) deficiencies in which AT is present 
but mutations alter AT function. AT deficiency can also be acquired through mecha-
nisms resulting in decreased synthesis (e.g. hepatic disease) or increased loss (e.g.  
consumptive coagulopathies and nephrotic syndrome). Due to the presence of type I 
and type II defects, tests of both AT activity and AT protein quantities (antigen test) 
are required.

Both thrombosis itself and treatment with anticoagulants can substantially alter 
measurable levels of AT. Thus, when possible, AT testing should be performed after a 
thrombotic event has resolved and when the patient is not on anticoagulant therapy. 
The risk of decreasing anticoagulation in order to assess AT deficiency must be evalu-
ated on a case-by-case basis, based upon clinical judgment. In addition, AT levels can 
be decreased in the neonatal period; during pregnancy; in the presence of liver disease, 
burn injury, trauma, sepsis, disseminated intravascular coagulation and nephrotic syn-
drome; and secondary to treatment with L-asparaginase and estrogens.

AT Activity: The indication for measuring AT activity is the clinical assessment of 
congenital or acquired AT deficiency such as in patients with thrombophilia. Several 
methodologies have been described and used, but in general AT activity is determined 
by measuring the ability to inhibit a known quantity of natural targets Factors IIa or 
Xa. Typically, heparin is added to the patient specimen in order to activate all of the 
AT present. Usually, an amidolytic peptide substrate for Factors II or X is used, which 
gives a chromogenic readout.

Test Interpretation: Decreased AT activity is consistent with either a type I or a 
type II deficiency. Additional testing for AT antigen is required to distinguish these 
possibilities.

Sources of Error: Although inhibition of either Factor IIa or Factor Xa can pro-
vide accurate measurements of AT activity, there is an additional serum factor 
that can inhibit Factor IIa in a heparin-dependent fashion (i.e. heparin cofactor II 
681
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(HCII)). Thus, in some cases, HCII will mask an AT deficiency. Unlike Factor IIa, 
which is inhibited by both AT and HCII, Factor Xa is inhibited by AT but not HCII. 
Thus, decreases in AT are not obfuscated by HCII when FXa is used as a substrate. 
Compared to human thrombin, bovine thrombin is less sensitive to the effects of 
HCII. Thus, assays using either Factor Xa or bovine thrombin are preferred to human 
thrombin. HCII deficiency alone is not known to be a risk factor for thrombosis, 
although it may contribute to thrombosis in combination with other risk factors.

AT Antigen: As for AT activity, the indication for measuring the AT antigen level is 
for clinical assessment of congenital or acquired AT deficiency, such as seen in patients 
with thrombophila. AT antigen is measured using monoclonal antibodies that recog-
nize AT by several techniques, most commonly by eLISA. AT antigen levels are typ-
ically ordered after an abnormal AT activity assay, to distinguish type I and type II 
defects.

Test Interpretation: Decreased AT antigen indicates either a type I inherited defect 
or an acquired AT decrease. However, a normal AT antigen level alone does not rule 
out a type II defect, which has normal amounts of AT (antigen levels) but decreased 
activity on a molecule by molecule basis.

Recommended Reading
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C h a P T e r  133
Proteins C, S and Z are vitamin K dependent factors that function as anticoagulant 
proteins. Congenital or acquired deficiencies in protein C and/or S can lead to clini-
cal thrombophilia, and therefore the measurement of their activity is indicated in the 
evaluation of thrombophilia. The role of protein Z in the evaluation of thrombophilia 
is unclear.

Protein C and Protein S: Proteins C and S are vitamin K dependent factors that 
function as anticoagulant proteins, and congenital or acquired deficiencies in these 
proteins can lead to clinical thrombophilia. Proteins C and S are cofactors, which 
largely become active as a negative feedback in response to coagulation activation. 
activation of coagulation converts prothrombin to thrombin (T) (Figure 133.1). In 
addition to promoting clot formation by converting fibrinogen to fibrin, thrombin 
also activates a negative feedback anticoagulation pathway by activating protein C. 
although low levels of protein C can be activated directly by free thrombin, the proc-
ess is greatly enhanced by the formation of thrombin thrombomodulin (TTM) com-
plexes, when thrombin binds to thrombomodulin on the endothelial surface. This 
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process is enhanced further by the binding of protein C to an endothelial protein C 
receptor (ePCr), which places protein C in close proximity to the TTM complex. 
Once activated and freed from the ePCr, protein C can inhibit clotting Factors Va 
and VIIIa, but only does so very weakly unless complexed to protein S as a cofactor. 
The protein C/S complex provides strong anticoagulant activity and negative feedback 
to coagulation.

The activity of protein S, and therefore the ability of the protein C/S complex 
to function, is tightly regulated by another protein named C4b binding protein 
(C4bBP). Under normal conditions, approximately 60% of protein S is complexed 
to C4bBP, and is in equilibrium with free protein S. as only free protein S is able to 
complex with protein C, protein S activity is a function of both total protein S and 
C4bBP levels.

In general, testing for protein C and/or protein S can be broken down into func-
tional assays (measuring the amount of activity) versus antigen assays (measuring the 
amount of the protein present). These two assays can be combined to assess qualitative 
versus quantitative defects. There is a variety of methodologies for both types of assays.

Protein C Activity (Coagulation-based Assays): Functional assays measure the 
activity of protein C. Because much of the protein C in a patient’s specimen has not yet 
been activated, a protein C activation step is required prior to assaying protein C activ-
ity. This can be accomplished by addition of the physiological activators (thrombin or 
TTM). alternatively, protein C can be activated by copperhead snake venom. after this 
step, the specimen is added to protein C deficient plasma, and a partial thromboplastin 
test (PTT) is performed. Prolongation of the PTT is a measure of the protein C activity. 
accurate interpolation of protein C levels requires a standard curve of known protein 
C quantities.

False Positives and Negatives: Because the readout of PTT based assays is 
dependent upon the other factors of the intrinsic pathway functioning normally, it is 
susceptible to underestimation of protein C activity by changes that shorten the PTT, 
such as elevated Factor VIII levels during acute phase reactions. Protein C activity can 
likewise be underestimated if the PTT has decreased susceptibility to protein C activity 
due to a Factor V Leiden mutation. Conversely, protein C may be overestimated 
due to other factors that prolong the PTT, such as a lupus anticoagulant. Finally, the 
functional assay may not be valid in the context of anticoagulant therapy that alters 
the PTT (e.g. heparin or a direct thrombin inhibitor).

Protein C Activity using Artificial Substrates: Instead of measuring the activ-
ity of protein C in the context of the entire PTT, a separate strategy is to engineer a 
small peptide substrate that contains the recognition sequence for protein C activity 
(amidolytic assays). By linking the peptide to an indicator to measure cleavage (e.g. a 
para-nitroaniline group), protein C activity can be measured directly. This assay is not 
susceptible to interfering factors involving other members of the coagulation system.

False Positives and False Negatives: Because the peptide substrate is artificial in its 
cleavage conditions, it does not require that protein C interact with its normal binding 
partners. For example, a defect in the protein C domain that binds Factor V would 
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prevent protein C from cleaving Factor Va (even if its enzymatic activity were intact), 
because the Factor V affinity was decreased. Such a defect would be detected in a PTT-
based assay where protein C binds its authentic substrate, but would not be detected 
by a peptide substrate. In addition, in theory, an antibody inhibitor of protein C could 
prevent protein C from binding to its natural substrates, while a peptide substrate may 
still access the enzymatic domain. Case reports of patients with decreased protein C 
activity in a PTT-based but not peptide based assay have been described due to either 
a specific mutation in protein C or, more commonly, an incompletely characterized 
inhibitor found in uremic patients that inhibits the PTT but not a peptide-based assay.

Protein C Antigen Assays: Determination of protein C antigen can be carried out by 
a variety of antibody-based detection methodologies (e.g. eLISa). however, the lev-
els of protein C antigen do not necessarily reflect potential protein C activity. Normal 
antigen with decreased activity can be found in type II qualitative genetic deficiency 
or, in very rare cases, the presence of an acquired protein C inhibitor. Measuring anti-
gen levels may be helpful in evaluating patients on warfarin, whose protein C is inac-
tive due to lack of vitamin K dependent modification. however, this approach is likely 
of limited value, as warfarin can also decrease the amount of protein C present.

False Positives and Negatives: assays for protein C antigen are susceptible to the 
general factors that cause artifacts in antibody–antigen-based assays. The presence of 
heterophilic antibodies can lead to false positives, whereas very high concentrations can 
lead to false negatives in eLISa testing (i.e. the hook effect) or in bead agglutination 
assays (i.e. the prozone effect).

Protein S Activity: Due to the fact that protein S does not have an intrinsic activity 
of its own but functions by enhancing the activity of protein C, the tests of protein S 
function depend upon enhancement of protein C activity. Thus, functional protein S 
assays can be performed by mixing patient specimens with protein S deficient plasma. 
Increases in coagulation time correspond to levels of protein S. any of the above assays 
for protein C activity can be used for the readout; however, in practice, PTT-based 
tests are most common. accordingly, measurement of protein S levels is susceptible to 
each of the above factors that can lead to false positives or negatives in the measure-
ment of protein C activity.

Assays of Protein S Antigen: Protein S is only able to act as a cofactor for protein C 
when it is in its free form (i.e. not bound by C4bBP). Some protein S antigen assays 
only give a total protein S level. Normally, about 60% of protein S is bound by C4bBP. 
however, C4bBP is an acute phase reactant that can be induced to high levels by 
inflammation and illness; C4bBP is also elevated during pregnancy. To distinguish free 
protein S from C4bBP bound protein S, antibody reagents that distinguish between 
the two forms can be utilized, or a precipitation step can be performed with polyethyl-
ene glycol, which precipitates C4bBP bound, but not free protein S.

False Positives and Negatives: assays for protein S antigen are susceptible to the 
general factors that cause artifacts in antibody–antigen-based assays. The presence of 
heterophilic antibodies can lead to false positives, whereas very high concentrations 
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can lead to false negatives in eLISa testing (i.e. the hook effect) or in bead 
agglutination assays (i.e. the prozone effect).

Iatrogenic Alterations in Protein C and Protein S: Perhaps the most common 
confusion in protein C and protein S testing comes from patients who have had a 
thrombosis and have begun warfarin therapy prior to a laboratory work-up that 
includes protein C and protein S testing. This is not a “false” negative per se, as the 
assays are correctly measuring protein C and S; rather, the levels are actually low due 
to anticoagulant therapy. Similar to Factors II, VII, IX and X, proteins C and S are 
vitamin K dependent factors. Thus, patients on warfarin have decreased protein C and 
protein S activity.

a genetic deficiency in both protein C and S would be expected to present with 
profound thrombophilia from birth. Thus, any sample showing decrease in both pro-
tein C and S in an adult should immediately be suspected of warfarin. Measuring pro-
tein C and S antigen levels may address this issue to some extent, as warfarin mainly 
targets the activity. however, warfarin can also decrease total antigen levels. Some 
would consider whether it is worth switching patients to different anticoagulation to 
allow for more accurate protein C and S testing. Implementation of such a maneuver 
depends upon clinical judgment on a case-by-case basis.

Diagnosis of Clinically Significant Protein C and/or Protein S Defects: 
Diagnosis of protein C or protein S deficiency is complicated by several issues. The 
lower levels of these factors in normal individuals overlap with the upper levels of 
these factors in heterozygous deficient states. Overall, less than 50% activity is typi-
cally associated with a deficient state. Often, 60–70% is a borderline finding that leads 
to retesting. Genetic defects in either protein C or protein S can present as a quan-
titative defect (type I) that has decreased activity and antigen levels, or a qualitative 
defect (type II) that has normal antigen levels with decreased activity. as above, some 
type II protein C patients have normal activity in amidolytic assays and require a PTT-
based assay to detect the deficiency, due to a defect in required binding domains other 
than the enzymatic site. a type III protein S deficiency has been described, which has 
decreased total protein S with normal free protein S, but recent data challenge whether 
type III patients have an increased risk of thrombosis.

Both protein C and protein S deficiencies can be acquired. Decreased levels of 
either can be seen during the neonatal period, sepsis, DIC, acute thrombosis, liver dis-
ease, and as a result of warfarin or L-asparaginase treatment. Selective acquired pro-
tein S deficiency is usually the result of increased levels of C4bBP, which occur during 
inflammation, in pregnancy, and as a result of oral contraception (estrogens). relative 
elevated levels of C4bBP can also be seen in nephrotic syndrome due to renal loss of 
free protein S but not C4bBP-bound protein S.

Protein Z: Like proteins C and S, protein Z is a vitamin K dependent factor that 
participates in anticoagulant pathways. however, the activity of protein Z is a distinct 
pathway from the protein C/S complex. Protein Z is a cofactor for the Z dependent 
protease inhibitor, and together these two proteins can inactivate Factor Xa. There are 
conflicting data as to whether isolated perturbed protein Z levels are of clinical rel-
evance. evidence exists to suggest that the combination of protein Z deficiency with 
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other thrombophilic factors (e.g. Factor V Leiden) may increase the risk of throm-
bosis. In contrast, some data indicate an apparently paradoxical protection against 
stroke by decreased levels of protein Z. In any case, while protein Z may theoretically 
play a role in predicting thrombosis, measurement of protein Z is not typically used in 
thrombophilia evaluations and remains a factor of unknown clinical significance. The 
indication for measuring protein Z level is in a thrombophilia evaluation; however, it 
is not a routine laboratory measurement. The primary method of evaluation is eLISa.



Activated Protein C Resistance and  
Factor V Leiden Testing
Anne M. Winkler, MD and James C. Zimring, MD, PhD

C H A P T e R  134
The Factor V Leiden (FVL) mutation promotes thrombophilia due to decreased 
efficiency of a natural anticoagulant pathway. Inactivation of Factor Va is one of 
the main targets by which proteins C and S exert their natural anticoagulant effects. 
However, several allelic variants of Factor V have been described, which contain amino 
acids substitutions that decrease the ability of Factor V to be inactivated by activated 
protein C (APC). The most predominant of these mutations is a single point muta-
tion in the Factor V gene (G1691A), known as Factor V Leiden. This mutation results 
in a substitution of arginine by glutamine at position 506 (R506Q), the dominant 
APC cleavage site of Factor Va. There are two main approaches to testing for FVL: 
APC resistance and direct genomic analysis.

Activated Protein C Resistance: APC resistance is a fluid phase functional assay 
that measures the ability of protein C to inactivate Factor Va. As the mechanism by 
which FVL promotes thrombosis is a decrease in its ability to be inactivated by APC, 
measuring this “APC resistance” can be predictive of FVL. The primary indication for 
this assay is the clinical assessment of thrombophilia.

Methods: Most commercially available assays for detection of APC resistance utilize  
PTT-based or PT-based Factor V assays for detection. The principle of the assay 
involves measuring a PTT prior to and after the addition of APC and calcium to a 
plasma sample. Theoretically, addition of APC to a normal plasma sample should pro-
long the PTT due to inactivation of Factors Va and VIIIa, whereas in an APC-resistant 
individual the degree of prolongation of the PTT should be decreased. As a result, a 
calculation known as the APC sensitivity ratio is performed:

 
APC sensitivity ratio

PTT in the presence of APC

PTT in the
=

  absence of APC  

A resultant ratio less than or equal to the cut-off value is consistent with resistance 
to APC. It has been reported that most patients with ratios less than 0.71 are hetero-
zygous or homozygous for FVL.

Test Interpretation: A positive APC resistance may indicate FVL, and should lead to 
direct molecular testing. It is essential to remember that there are mutations other than 
FVL that can affect APC resistance (see Table 134.1). FV Liverpool and R485K give a 
positive APC resistance, and may contribute to thrombosis. In contrast, FV Cambridge 
gives a positive APC resistance but does not appear to cause thrombosis. Additional 
689
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Table 134.1 Variant Factor V Mutations

Variant Nucleotide 
variation

Amino acid 
substitution

APC resistance Increased risk of 
thrombosis

FV Cambridge G1091C R306T Yes No

FV Hong Kong a1090G R306G No No

FV liverpool T1250C I359T Yes Yes

R485K mutation G1628a R485K Yes Yes

R2 haplotype T1328C M385T Yes Unknown

a4070G H1299R

a5380G M1736V

a6755G D2194G

a/G allele a2391G S739S Yes Unknown

a2663G K830R

a2684G H837R

a2863G K897D
mutations that give APC resistance have unknown clinical effects. Thus, a positive APC 
resistance in the absence of the FVL mutation can still be an independent risk factor for 
thrombosis.

A negative APC resistance has been used to rule out the presence of FVL. While 
false negatives are very rare, especially in second-generation assays, any coagulation 
activity based system is susceptible to interference from potentially unanticipated sub-
stances. Thus, a direct assay for the FVL mutation may be indicated despite a normal 
APC resistance if there is a high clinical suspicion of thrombophilia.

Test Performance: In first-generation assays, an additional normalization step was 
required; however, the addition of Factor V-deficient plasma to current assay systems has 
abrogated this requirement. Current generation assays have a sensitivity and specificity 
approaching 100%.

Sources of Error:

False Positives: Using Factor V-deficient plasma has substantially reduced inter-
ference from non-Factor V factor deficiencies and use of oral anticoagulants such as 
warfarin that were previously the causes of false-positive results. However, false posi-
tives can and still do occur in the second-generation assays due to baseline alterations 
of the PTT resulting from the presence of a lupus anticoagulant, other antibody-
based factor inhibitors, Factor V deficiency, increased Factor VIII levels, or as a result 
of newer anticoagulants such as direct thrombin inhibitors and Factor Xa antago-
nists. Prolongation of the PTT due to heparin can be avoided by the use of heparin- 
neutralizing agents, and further dilution with normal plasma or addition of exogenous 
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phospholipids can be utilized to neutralize lupus anticoagulants. However, any result 
consistent with APC resistance should be confirmed with a direct test for FVL.

Factor V Leiden: The FVL test directly detects the presence of a polymorphism in 
the Factor V gene. This polymorphism encodes for the FVL gene product, which is a 
risk factor for thrombosis. Testing for FVL is typically used in patients who have had 
an unexplained thrombosis and are being evaluated for thrombophilia, or for evalu-
ation of recurrent pregnancy loss. In some cases, it is used for genetic counseling of 
patients whose family members have been found to have the FVL mutation.

Methods: A variety of DNA analytic methods can be used to test for FVL, includ-
ing polymerase chain reaction (PCR) based and non-PCR based methods. As the FVL 
mutation (G1691A) creates a novel restriction endonuclease recognition site, initial 
PCR based methods included restriction fragment length polymorphism (RFLP) 
analysis. Primers that recognize conserved sequences in Factor V were used for PCR 
amplification of the Factor V gene followed by digestion using Mnl1 endonuclease 
and agarose gel electrophoresis. Subsequent methods have been developed, including 
(1) the amplification-refractory mutation system (ARMS), (2) single-strand confor-
mation polymorphism (SSCP), (3) enzyme-linked immunosorbent assays (eLISA) 
for nucleic acid products, (4) real-time PCR with fluorophore-labeled allele-specific 
hybridization probes and fluorescence resonance energy transfer (FReT) assays, and 
(5) direct sequencing of DNA. In addition, newer, non-PCR based assays have also 
been utilized for the detection of FVL.

Test Interpretation: As a general principle, nucleic-acid based tests result in either 
the presence or absence of the allele, interpreted as homozygous normal, heterozygous 
FVL or homozygous FVL. When compared, the various molecular methods for detec-
tion of FVL have a high concordance rate. However, it is important to note that the 
error rate in testing has been estimated as between 3% and 6%. As diagnosis for a 
genetic risk factor for thrombosis may result in lifelong anticoagulation, it has been rec-
ommended that positive tests for FVL be confirmed with repeat testing, preferably by 
an alternate method.

There are also other variants of Factor V, which are not routinely tested for, that 
may have clinical significance (see Table 134.1). Such variants will not be detected by 
methodologies focused on detecting the presence of the G1691A mutation.

Sources of Error: Sources of error are predominantly restricted to the general 
issues intrinsic to amplification based systems.

False Positives: With any PCR- or amplification-based systems, contamination (the-
oretically as few as 1–10 molecules) from a positive patient or a previous amplification 
is sufficient to give a false positive.

False Negatives: Inhibitors of PCR, such as heparin or unusual contaminat-
ing salts, can prevent amplification. This will give a false-positive result in systems 
geared to amplify the FVL, but not normal gene products by sequence-specific prim-
ers. However, in systems that amplify the Factor V gene and then detect FVL through 
RFLP or sequence-specific probe, the presence of an inhibitor will be easily detected, 
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as no amplification of any product will be observed. In addition, false negatives have 
been reported after allogeneic HPC transplantation, as peripheral blood was utilized 
as a source of DNA and the HPC donor did not carry the FVL polymorphism, but the 
patient carried the mutation.

There are additional polymorphisms that have been described in the Factor V gene 
other than FVL (e.g. Cambridge, Hong Kong, Liverpool, R485K, R2 haplotypes, and 
A/G allele – see Table 134.1). Of these, FV Liverpool and FV R485K appear to be of 
clinical significance, but will not be detected by DNA analytic techniques specific for 
FVL. Thus, a normal FVL test does not rule out an abnormal Factor V, which may 
lead to thrombophilia. However, as previously described, APC resistance assays will 
often detect these variants.

Recommended Reading
Cooper PC, Rezende SM. (2007). An overview of methods for detection of Factor V 

Leiden and the prothombin G20210A mutations. Intl J Lab Hem 29, 153–162.
Rosendorff A, Dorfman DM. (2007). Activated protein C resistance and Factor V 

Leiden: a review. Arch Pathol Lab Med 131, 866–871.
Segers K, Dahlbäck F, Nicolaes GA. (2007). Coagulation Factor V and thrombophilia: 

background and mechanisms. Thromb Haemost 98, 530–542.
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Prothrombin Gene Mutation Testing
Anne M. Winkler, MD and James C. Zimring, MD, PhD

The prothrombin (Factor II) gene mutation assay detects the presence of the 
G20210A mutation in the 3 untranslated region of the prothrombin gene. This assay 
is indicated in the assessment of thrombophilia.

Prothrombin is a vitamin K dependent protein that is intimately involved in coagu-
lation. Upon activation, prothrombin is converted to thrombin, which in turn con-
verts fibrinogen into fibrin. Thus, thrombin is a critical component of the coagulation 
cascade, directly resulting in deposition of fibrin and clot formation. In addition, 
thrombin also activates compensatory negative-feedback anticoagulant and thrombo-
lytic pathways.

In 1996, a single guanosine to adenosine polymorphism at nucleotide position 20210 
of the prothrombin gene located on chromosome 11 was reported as a risk factor for 
venous thrombosis. Unlike many other mutations that change the amino acid sequence 
of a protein, G20210A is located in the 3 untranslated region of the prothrombin gene; 
hence, the amino acid sequence of the expressed prothrombin is unaltered. However, 
the G20210A mutation results in both increased mRNA production through enhanced 
RNA processing, and stabilization of mRNA leading to a longer half-life. Through 
these two mechanisms, greater amounts of prothrombin mRNA are present, leading to 
increased prothrombin and thrombin protein levels in plasma. This results in a risk fac-
tor for coagulation activation and thrombosis; in particular, increased rates of cerebral 
and deep vein thrombosis. Coincidence of the G20210A mutation with Factor V Leiden 
(see Chapter 134) synergistically increases risk of thrombosis.

Prothrombin Gene Mutation Assay:

Methods: A variety of assays have now been described for detecting the G20210A 
mutation. Direct tests for G20210A rely predominantly on polymerase chain reaction 
(PCR) based assays. Initial PCR based methods included restriction enzyme digestion 
to detect the G20210A mutation. Subsequent assays have been described using real-
time PCR, the amplification-refractory mutation system (ARMS), single-strand con-
formation polymorphism (SSCP), enzyme-linked immunosorbent assays (ELISA) for 
nucleic acid products, and direct sequencing of DNA. A non-PCR based assay has also 
been described.

Prothrombin protein levels can be measured in the plasma using Factor II activ-
ity or antigen assays. However, these assays are not recommended for screening of the 
prothrombin G20210A mutation due to the insufficient sensitivity and specificity.

Test Interpretation: As a general principle, nucleic-acid based tests result in either 
the presence or absence of the allele, interpreted as homozygous normal, heterozygous 
G20210A or homozygous G20210A. However, it is important to note that the error 
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rate in testing has been estimated between 3% and 6%. As diagnosis for a genetic risk 
factor for thrombosis may result in lifelong anticoagulation, it has been recommended 
that positive tests for G20210A be confirmed with repeat testing, preferably by an 
alternate method.

It is important to note that there are additional polymorphisms that have been 
described in the prothrombin gene that will not be detected by G20210A specific 
assays; polymorphisms have been found at positions 20207, 20209, 20218 and 20221. 
The clinical significance of these alternate mutations is unclear, although data exist to 
suggest that the polymorphism C20209T is not associated with an increased risk of  
thromboembolism. However, as the clinical significance of these mutations is deter-
mined, additional characterization of the prothrombin gene sequence may be required 
for assessment of thrombotic risk.

Sources of Error: Sources of error are predominantly restricted to general issues 
intrinsic to amplification-based systems.

False Positives: With any PCR or amplification based systems, contamination (theo-
retically as little as 1–10 molecules) from a positive patient or a previous amplification 
is sufficient to give a false-positive result.

False Negatives: Inhibitors of PCR, such as heparin or unusual contaminating salts, 
can prevent amplification. This will give a false-negative result in systems geared to 
specifically amplify G20210A, but not the normal gene variant. However, in systems 
that amplify the prothrombin gene and then detect through RFLP or sequence-spe-
cific probes, the presence of an inhibitor will be easily detected, as no amplification 
of any product will be observed. In addition, false negatives for PCR based tests have 
been reported after allogeneic HPC transplant, as peripheral blood was used as a 
source of DNA and the HPC donor did not encode the mutation, but the patient car-
ried the mutation.

Recommended Reading
Cooper PC, Rezende SM. (2007). An overview of methods for detection of Factor V 
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McGlennen RC, Key NS. (2002). Clinical and laboratory management of the pro-
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Nguyen A. (2000). Prothrombin G20210A polymorphism and thrombophilia. Mayo 

Clin Proc 75, 595–604.
Poort SR, Rosendall FR, Reitsma PH, Bertina RM. (1996). A common genetic varia-
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Laboratory diagnosis of hyperhomocysteinemia
James C. Zimring, Md, Phd

C h A P T E R  136
The presence of hyperhomocysteinemia is associated with increased risk for 
atherosclerotic vascular disease and thrombophilia. homocysteine is an amino acid in 
humans, which is not incorporated into proteins during translation. Rather, it is an 
intermediate product that is synthesized from methionine, along the path of cysteine 
synthesis. Once formed, homocysteine can then be converted into cysteine, or recycled 
back into methionine. The conversion of homocysteine into cysteine or methionine 
requires vitamins B6 and B12, respectively. Thus, deficiencies in vitamin B6, B12 or 
folate can result in elevated homocysteine levels (hyperhomocysteinemia). In addition, 
homocysteine levels can be substantially elevated due to impaired metabolism in renal 
failure, and consumption of certain drugs (predominantly the fibrate class of lipid-
lowering drugs, methotrexate, and some anti-seizure medications). Environmental 
factors such as smoking and consuming large amounts of coffee have been linked to 
increased homocysteine levels, especially when combined with low folate. Finally, there 
are genetic causes of hyperhomocysteinemia, most commonly due to mutations in the 
methylene tetrahydrofolate reductase (MThFR) gene. The (T) mutation (C677T) is 
the best described mutation that leads to a thermolabile form of the enzyme.

hyperhomocysteinemia can promote both vascular thrombosis and venous throm-
boembolism. homocysteine is a reactive molecule that degrades proteins through thi-
olation of lysine and cysteine residues. Thus, elevated levels of homocysteine can have 
widespread effects on host proteins. With relevance to thrombosis, there is evidence 
that highly elevated levels of homocysteine can induce vascular injury and promote 
atherosclerotic plaques. Additional data indicate direct effects promoting platelet acti-
vation and decreasing thrombolytic pathways.

While profound elevations in homocysteine clearly cause substantial pathology, 
there are widespread conflicting data as to whether moderate elevations are a signifi-
cant risk factor for thrombotic disease. Thus, it is unclear whether homocysteine levels 
are an appropriate screening test for evaluating atherosclerosis and thrombosis risk. 
Currently, it is not included in most screening recommendations. however, given its 
known potential contribution, evaluation of homocysteine may be meaningful in the 
evaluation of patients with other risk factors (in particular Factor V Leiden) or in the 
setting of a thrombotic patient for whom no alternate cause can be found.

Plasma homocysteine level: Plasma homocysteine levels are used in the assess-
ment of increased risk of atherosclerotic vascular disease and thrombophilia.

Methods: high-pressure liquid chromatography (hPLC) is the most common 
methodology for assaying homocysteine in plasma. The readout can be detected 
either by electrochemical detection, or by using thiol-specific derivatization agents 
that contain fluorochromes. Alternate methods can also be employed, including 
695
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enzyme-linked immunosorbent assay (ELISA), capillary electrophoresis and gas- 
liquid chromatography.

Sources of error: Pre-analytical issues represent the predominant source of error 
in determination of homocysteine concentration.

Specimen Storage: One source of homocysteine in serum is direct release from red 
blood cells (RBCs). Because RBCs continue to release homocysteine ex vivo, storage of 
unseparated blood specimens for greater than 1 hour can result in an artificial increase 
in plasma homocysteine. If necessary, specimens can be stored for up to 4 hours on ice.

Random versus fasting homocysteine levels: Plasma homocysteine levels 
decrease in the first few hours after eating, followed by a progressive increase. It has 
been suggested that random screening be performed, followed by a fasting homo-
cysteine, if elevated levels are detected; others have suggested fasting homocysteine 
alone as a screening test. Although less convenient for the patient, fasting homo-
cysteine gives more consistent results.

Orthostatic variation: Plasma homocysteine has orthostatic variation, and can be 
decreased up to 30% at supine rest compared to standing, suggesting a role in blood 
pressure regulation and/or vascular tone. This factor should be controlled for, and 
becomes significant most often with supine hospitalized patients compared to outpa-
tient laboratory sampling.

MThFR Mutation: Genotyping of an individual for the C677T (T) mutation of 
MThFR is indicated in the assessment of potential genetic risk factors for atheroscle-
rotic disease or thrombophilia.

Methods: MThFR genotyping is carried out mainly by PCR, with either restriction 
length polymorphism as a sequence-specific readout or with sequence-specific fluo-
rescent probes in a real-time PCR assay. In addition, a cleavase invader assay is also 
available.

Test interpretation: The C677T mutation is a common variant that results in 
decreased MThFR activity due to lability of the enzyme. The presence of the (T) form 
is linked to increased levels of plasma homocysteine. however, whether this correlates 
to increased risk of vascular or thrombotic disease is a matter of dispute. Moreover, 
the (T) mutation appears to give substantial elevation of homocysteine, particularly 
when compounded with decreased folate levels.

An additional mutation has been described in MThFR (A1298C), which is found 
in trans with C677T. Together these mutations further destabilize MThFR, but the 
addition of A1298C may not result in further increases in homocysteine. Testing for 
A1298C is available by PCR in combination with C677T screening.

As a general principle, nucleic-acid based tests are interpreted as homozygous nor-
mal, heterozygous, or homozygous for the mutant allele. however, it is important to 
note that the error rate in testing is not zero. As diagnosis for a genetic risk factor for 
thrombosis may result in lifelong anticoagulation, it is recommended that positive tests 
for MThFR mutations be confirmed with repeat testing, preferably by an alternate 
method.
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Sources of error:

false positives: With any PCR- or amplification-based systems, contamination (the-
oretically as little as 1–10 molecules) from a positive patient or a previous amplifica-
tion is sufficient to give a false positive.

false negatives: Inhibitors of PCR, such as heparin or unusual contaminating salts, 
can prevent amplification. In addition, false negatives for PCR based tests have been 
reported after allogeneic hPC transplant, as peripheral blood was used as a source of 
dNA and the hPC donor did not encode the mutation, but the patient carried the 
mutation.

Recommended Reading
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plasma. Sem Thromb Hemost 26, 233–241.



Laboratory diagnosis of Lupus anticoagulant 
and antiphospholipid antibodies
Michael a. Briones, dO

C H a P T E r  137
The lupus anticoagulant (La) was first described as a poorly characterized sub-
stance that prolonged a partial thromboplastin time (PTT) and was associated with 
systemic lupus erythematosus (SLE). However, it has subsequently been appreciated 
that, in contrast to the bleeding tendencies that might be expected as a result of its 
PTT-prolonging activity, Las promote thrombophilia in vivo, leading to outcomes 
such as venous and arterial thrombosis, thrombocytopenia and/or recurrent preg-
nancy loss (see Chapter 94). Las can be observed in the context of SLE and other col-
lagen vascular diseases, and as a primary syndrome without associated autoimmune 
diseases. The “lupus anticoagulant” is neither associated exclusively with SLE, nor is 
it an anticoagulant, and therefore La is an inaccurate name, which has led to much 
confusion.

Biochemical analysis has led to the identification of most Las as antiphospholipid 
antibodies, and the thrombotic pathophysiology caused by Las is called the antiphos-
pholipid antibody syndrome (aPS). However, these “antiphospholipid antibodies,” 
named due to their original detection using crude cardiolipin as a substrate, are in 
fact highly heterogeneous in their substrate specificity and can recognize a number 
of targets, including cardiolipin, -2-glycoprotein I (2GPI), prothrombin, annexin V, 
protein C and phospholipids. Thus, most of the “antiphospholipid” antibodies in aPS 
are not specific for phospholipids themselves, but recognize protein/phospholipid  
complexes.

Patient evaluation for aPS usually occurs in the setting of young patients without 
other known risk factors who have sustained a venous thromoboembolism, stroke, 
peripheral arterial thrombosis, myocardial infraction or pregnancy complication (e.g. 
recurrent fetal loss, pre-eclampsia, intrauterine growth retardation), or as part of the 
evaluation of SLE. The International Society of Thrombosis and Hemostasis (ISTH) 
has created the Sapporo criteria, and later the modified Sapporo criteria, for the classi-
fication of aPS. according to these criteria, aPS is present in patients with one clinical 
and one laboratory criterion. Clinical criteria include objectively confirmed arterial, 
venous or small-vessel thrombosis; or pregnancy complications consisting of recur-
rent fetal loss before the tenth week of gestation, one or more unexplained fetal deaths 
at or beyond the tenth week of gestation, or premature birth due to placental insuf-
ficiency, eclampsia or pre-eclampsia. Laboratory criteria include either an La or a 
medium to high titer antiphospholipid IgG or IgM on two or more occasions at least 
6 weeks apart. Thus, repeat testing with ongoing clinical monitoring is required for 
patients suspected of aPS. Moreover, evaluation of other causes of thrombophilia and 
the proper clinical identification of high-risk patients is required to limit the pre-test 
probability to a level that makes the testing meaningful.
699



700� Michael�A.�Briones,�DO
Diagnosis: Given the complexity of the biochemical nature of Las/antiphospholi-
pid antibodies, diagnosis of the aPS does not depend on any one laboratory test. 
Instead, a panel of tests is usually performed (fluid phase tests for La activity and 
solid phase tests for antiphospholipid antibodies). Laboratory support for the diagno-
sis of aPS relies on the demonstration of an La and/or an antiphospholipid antibody. 
diagnosis of aPS depends upon persistent positivity of the above tests in the context 
of clinical findings consistent with aPS (see Chapter 94).

Methods and interpretation: Las are identified as activities in coagulation-based 
assays, in which they prolong phospholipid-dependent clotting due to a phospholipid 
specific inhibitor, and not as a result of specific inhibition of any one coagulation fac-
tor. In addition to phospholipid neutralization (see below), specific factor assays and 
inhibitor assays can be employed to rule out inhibition due to a non-La based specific 
factor inhibitor.

Because Las are highly heterogeneous in their epitope specificity, it is necessary 
to perform more than one assay to have sufficient sensitivity. The more inclusive the 
diagnostic criteria, the less specific the tests become. Many diagnostic algorithms 
advocate sensitive screening tests, starting with a mixing-based study to assay for 
PTT inhibition, followed by more specific diagnostic assays. However, which assay(s) 
should be used for screening is a matter of debate, given the lack of predictability 
regarding which La assay may be positive for a given patient. Moreover, certain coin-
cident factors associated with acutely ill patients (e.g. an elevated Factor VIII [FVIII]) 
can sufficiently shorten PTT-based tests that a “positive” screening test may be missed 
due to an abnormally short PTT, which is moved back into the normal range by a 
La. In contrast, other approaches advocate using multiple assay systems as part of the 
screening test, which decreases the likelihood of missing a given patient but can lead 
to a high rate of false positives.

Like La activity, detection of antiphospholipid antibodies is difficult secondary to 
the fact that the epitope specificity of such antibodies varies from patient to patient. 
Thus, an ELISa restricted to a given specificity may not detect a pathogenic antibody  
in a given patient. due to this heterogeneous nature of antiphospholipid antibodies, 
multiple assays are often used. Some diagnosticians advocate use of anticardiolipin as 
a screening test, especially 2 GPI dependent anticardiolipin tests that are more spe-
cific. However, others argue that clinically significant antiphospholipid antibodies that 
do not react with cardiolipin are too frequent to give this approach sufficient sensitiv-
ity; thus, multiple screening tests with different epitope specificities are often used.

Lupus anticoagulant: The La is defined as an activity that prolongs a clotting 
test in a phospholipid-dependent fashion. Prolongation is measured by assessing the 
clotting time in a given test platform. Phospholipid dependency is measured either by 
neutralizing with excess phospholipid or by juxtaposing a phospholipids-dependent 
and -independent activity. Typically, the source of neutralizing phospholipids is either 
hexagonal phase extracts, or preparations from platelet membranes.

PTT sensitive to LA: a La-sensitive PTT requires a PTT reagent containing a low 
amount of phospholipid, specifically designed as a screening test for an La. However, 
in the setting of acute phase reactants (e.g. elevated FVIII levels), the La-sensitive  



Laboratory�Diagnosis�of�Lupus�Anticoagulant�and�Antiphospholipid�Antibodies� 701
PTT may not be prolonged even if a La is present. Therefore, if an La is clinically 
suspected, further tests should be performed even if the La-sensitive PTT result 
is normal. an additional problem in the La-sensitive PTT is mistaking an inhibitor 
against an intrinsic factor as a La. Phospholipid neutralization typically addresses this 
issue, but as some FVIII inhibitors target the phospholipid binding site of FVIII, FVIII 
inhibitors can potentially be mistaken for an La in some settings. However, FVIII 
inhibitors typically lead to clinical bleeding, whereas Las typically lead to clotting.

Dilute Russell’s viper venom Test: russell’s viper venom activates FX in the 
patient’s plasma in a phospholipid-dependent fashion. Because the dilute russell’s 
viper venom test (drVVT) screening reagents contain a low amount of phospholi-
pids, a drVVT phospholipid neutralization test can be performed to assay phos-
pholipid dependence. a ratio is derived from the screen clotting time divided by the 
confirmatory clotting time. If the ratio exceeds the established cut-off, then a La is 
confirmed. In some laboratories, drVVT screen and drVVT confirmation are per-
formed simultaneously for convenience. Because russell’s viper venom directly acti-
vates FX, then any inhibitors against intrinsic pathway factors upstream of FX should 
not interfere with the drVVT.

Textarin/ecarin Time: Textarin is a snake toxin that directly activates prothrombin 
in a phospholipids-dependent fashion, whereas ecarin activates prothrombin in a 
phospholipids-independent fashion. Thus, in the presence of phospholipid, the ratio 
of activities reflects the phospholipid dependence of clotting, which can be used to 
test for an La. Because textarin also requires FV, a FV inhibitor or FV deficiency can 
give a false positive. In contrast, a false negative can result from heparin, which pro-
longs the ecarin time through activation of heparin cofactor II.

Dilute Prothrombin Diagnostic Assay: a new dilute PT assay has recently 
become available, which uses a re-lipidated recombinant human tissue factor-based 
reagent in the presence of calcium to activate the tissue factor pathway. Similar to the 
above tests, the screening test contains a lower amount of phospholipids and the con-
firmatory test contains a higher amount. The clotting times of the screening assay are 
compared with those of the confirmatory assay. a ratio is derived from the screen clot-
ting time divided by the confirmatory clotting time and used to determine if the test is 
positive.

Kaolin clotting Time: The Kaolin clotting time (KCT) utilizes mineral clay (kaolin) 
to initiate the PTT. For reasons not entirely clear, PTT-based tests utilizing kaolin are 
particularly sensitive to Las. Mixing studies carried out on samples with a prolonged 
KCT can be very sensitive to detecting Las. although a prolonged KCT may indicate a 
La, the KCT does not in of itself contain a phospholipid neutralization step, and thus 
doesn’t establish phosopholipid dependence.

antiphospholipid antibodies: antiphospholipid antibodies form a heterogeneous 
group of IgG or IgM antibodies directed against phospholipid or phospholipidprotein 
components. Epitopes that have been shown to be recognized by antiphospholipid anti-
bodies associated with thrombosis include cardiolipin, 2GPI, prothrombin, annexin 
V, protein C and phospholipids. as above, use of multiple substrates gives the highest  
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sensitivity but at the cost of specificity, and different screening approaches are utilized 
by different labs. In the event that a patient has a high clinical index of suspicion for aPS 
but routine enzyme-linked immunosorbent assays (ELISa) are negative, an extended 
panel encompassing each of the known substrates might be warranted. a detailed review 
of each of these substrates is outside of the scope of this chapter. However, discussions of 
cardiolipin and 2GPI are provided to highlight specific details.

Anticardiolipin Antibodies: anticardiolipin antibodies share a common in vitro 
binding affinity for cardiolipin, and can be detected using enzyme-linked immuno-
sorbent assays. Traditionally, anticardiolipin antibodies were used as a screening test; 
however, specificity is poor. The immunoglobulin isotype may be IgG, IgM or Iga. 
It is widely believed that the IgG isotype is most strongly associated with thrombosis. 
IgM anticardiolipin antibodies can be seen during inflammatory responses, common 
to ill or hospitalized patients, and are of unknown significance. However, the con-
tribution to thrombosis cannot be unequivocally ruled out in a patient with an IgM 
antiphospholipid antibody, especially at very high titer. ELISas for anticardiolipin 
antibodies are poorly standardized, and anticardiolipin antibody testing has shown 
poor concordance between laboratories. anticardiolipin antibodies are reported as a 
titer specific to the isotype (IgG, IgM or Iga phospholipid antibody titer) but, because 
the accuracy and reliability of assays are limited, consensus guidelines recommend 
semiquantitative reporting of results (low, medium or high titer). as a general princi-
ple, many groups advocate using anticardiolipin antibody tests that measure antibod-
ies in a 2GPI-dependent fashion to add specificity.

Anti-2-glycoprotein i Antibodies: It has been observed that many of the anti-
cardiolipin antibodies that correlate with thrombosis are directed to an epitope on 
2GPI contained in the cardiolipin. This led to the development of the anti-2GPI 
immunoassay. anti-2GPI is strongly associated with thrombosis and other features 
of the aPS. although rarely the case, anti-2GPI has been found to be the sole anti-
body detected in patients with clinical features of aPS. There is some evidence that 
anti-2GPI is more specific for aPS.
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Lipoprotein(a) Testing
Anne M. Winkler, MD and James C. Zimring, MD, PhD

C H A P T E R  138
Elevated lipoprotein(a) [Lp(a)] levels may be associated with an increased risk of 
atherosclerosis and thrombosis; however, current data do not provide a conclusive role 
for Lp(a) in this setting. Lp(a) is a complex of a apolipoprotein(a) [apo(a)] linked by a 
disulfide bond to a modified low density lipoprotein (LDL) that is complexed with apo 
B. The apo(a) component of Lp(a) is composed of multiple kringle-like domains with 
significant homology with plasminogen. As a result Lp(a) has the capacity to competi-
tively interfere with the binding of plasminogen to fibrin or other cell surfaces, resulting 
in inhibition of fibrinolysis. These biochemical observations, along with early retro-
spective studies associating elevated Lp(a) with thrombotic disease, suggested a role for 
Lp(a) in the pathophysiology of atherosclerosis. However, subsequent prospective stud-
ies have provided conflicting results. Thus, there is little conclusive evidence demon-
strating that Lp(a) can be used as a general screening test for atherosclerotic disease. Of 
clinical importance, cholesterol-lowering drugs and lifestyle changes do not alter Lp(a) 
levels. Thus, due to its potential lack of predictive power and the inability to therapeuti-
cally alter levels, monitoring Lp(a) in routine thrombosis evaluation is not currently rec-
ommended. However, in high-risk populations, or in the setting of a thrombotic patient 
for whom no alternate cause can be found, Lp(a) monitoring may have clinical utility.

Laboratory Test: Initial assays for identification of Lp(a) were based upon lipo-
protein size and charge. Electrophoresis and ultracentrifugation can be used, but are 
time-consuming, expensive, and difficult to use for fine quantification. Newer immu-
nochemical methods, such as enzyme-linked immunosorbent assays (ELISA) and 
immunoturbidimetric assays, are currently used for the direct measurement and 
quantification of Lp(a). Monoclonal antibodies initially used for ELISA demonstrated 
cross-reactivity with plasminogen; however, newer reagents utilizing capture antibodies 
against apo(a) and oxidized Lp(a) have minimized this interference, increasing the sen-
sitivity and specificity of the assays. Immunoturbidimetric assays recognize the amount 
of Lp(a) by measuring turbidity as immune complexes form, and can quantify Lp(a).

Sources of Error: When Lp(a) levels contribute greater than 10 mg/dl of the LDL 
measurement, Lp(a) may migrate into an additional band. In this case it is important 
to perform quantitative immunoturbidimetric methods, and LDL-C measurements 
may need to be adjusted for Lp(a) levels by use of the Friedewald equation.

Recommended Reading
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Laboratory Diagnosis of Factor Level 
Abnormalities Associated with Thrombosis
James C. Zimring, MD, PhD

C H A P T E r  139
Laboratory diagnosis of independent risk factors for thrombophilia has been an 
intense area of recent research. In recent decades, great progress has been made in 
identifying such risk factors – for example Factor V Leiden, the prothrombin gene 
mutation, lupus anticoagulant, etc. However, genetic analysis of familial thrombophilia 
indicates that additional risk factors remain to be identified. Moreover, acquired risk 
factors not strictly associated with heritable traits may also be important.

It has long been appreciated that natural deficiencies in anticoagulant proteins 
can lead to thrombophilic states. For example, defects in protein C, protein S or anti-
thrombin can lead to thrombotic tendencies (see Chapters 132 and 133). It has thus 
been seen as logical that congenitally elevated levels of procoagulant human factors 
may be associated with increased risks of thrombosis; along these lines, levels of indi-
vidual coagulation factors have been assessed as risk factors for thrombosis.

Association of Factor Level Abnormalities with Thrombosis: Based upon 
current data, elevation of certain clotting factors is indeed associated with thrombophilia, 
and in some cases constitutes an independent risk factor. Most notably, elevated plasma 
Factor VIII is an independent risk factor for venous thrombosis. Elevation of Factors IX 
and XI has likewise been associated with venous thrombosis. Furthermore, elevation 
of Factors V and VII, fibrinogen and VWF is associated with risk of arterial thrombosis. 
Finally, decreased levels of Factor XII are associated with thrombotic tendencies.

Recommendations for Testing Individual Factors: Of the above-named fac-
tors, some have been established as independent risk factors by randomized prospective 
trials, whereas associations of others are less well established and have relied upon ret-
rospective studies. A comprehensive synopsis of these trials is outside the scope of the 
current text, but has been reviewed in the literature (Chander et al., 2002). However, the 
current utility of these associations from the standpoint of screening for thrombophilia 
is tenuous; as described below, measuring these factors is not currently recommended 
as a part of routine screening for thrombophilia.

Each of the factors involved in coagulation is part of an intricate network of multiple 
proteins and factors cascading in a cooperative and cross-talking fashion. Thus, it is highly 
problematic to determine whether the association of an individual elevated risk factor with 
thrombosis is actually causal, or a correlation secondary to other interactions. Perhaps even 
more complicating is the problem that a number of coagulation proteins are acute phase 
reactants, the level of which can be significantly altered in the context of disease.

Factor VIII serves as the best example of the intrinsic problems in using isolated 
factors to screen for thrombophilia. Perhaps more than any other factor studied, base-
line elevation of Factor VIII is associated as an independent risk factor for thrombosis. 
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However, accurately measuring the baseline Factor VIII in a given patient can be quite 
difficult. Baseline Factor VIII levels vary with blood type, are increased substantially 
due to inflammation and pregnancy, can be altered by physical activity and can change 
in response to therapy (e.g. in response to estrogen).

Additional complexities in using isolated factor levels to predict thrombosis lie 
in the nature of the testing methodologies currently employed. Current assays for 
measuring independent factor levels were designed to analyze patients with bleeding 
disorders, and have focused on detecting significant decreases. However, establish-
ing increased factor levels, especially subtle levels, is not within the capability of the 
current generation of assays. Although substantially elevated factor levels can be dem-
onstrated, the reproducibility of these systems is poor. Thus, in addition to the physio-
logical problems of interpretation listed above, laboratory methodologies are currently 
insufficient for use of isolated factors in screening for thrombophilia.

Current and Future Applications: The above explanations are not intended to 
imply that there is no place in monitoring individual factors in the context of clinically 
confirmed thrombophilia. Whether correlative or not, substantially increased factor 
levels may nevertheless be meaningful. However, at the current time, such measures 
are not recommended for general screening for thrombophilia. Future improvements 
in the assays for accurately and precisely measuring increased levels may allow use in 
screening. Moreover, genetic traits that lead to increased levels may allow analysis at a 
different level. Indeed, the prothrombin gene mutation, which is an independent risk 
factor used in thrombophilia screening, is believed to increase risk of thrombosis by 
resulting in elevated levels of Factor II (thrombin). Future associations of polymor-
phisms with elevations of other factor levels may be discovered.

Recommended Reading
Bertina rM. (2004). Elevated clotting factor levels in venous thrombosis. Pathophysiol 

Haemost Thromb 33, 395–400.
Chandler WL, rodgers GM, Sprouse JT, Thompson Ar. (2002). Elevated hemo-

static factor levels as potential risk factors for thrombosis. Arch Path Lab Med 126, 
1405–1414.



Laboratory Management of DIC
Thomas C. Abshire, MD

C h A P T e r  140
Disseminated intravascular coagulopathy (DIC) is a syndrome characterized by 
the consumption and degradation of coagulation factors as a consequence of the 
unregulated and excessive generation of thrombin, and can result from a heterogene-
ous group of medical disorders, including sepsis, malignancy and tissue injury. DIC 
can lead to bleeding and/or clotting, but bleeding is the more common manifestation 
of DIC (75% of cases), with thrombosis as the primary clinical manifestation in the 
remaining 25%. As the tests utilized in assessing DIC as well as an overview of clinical 
DIC are discussed elsewhere (Chapter 110), this chapter will focus upon testing used 
to help manage the two major clinical problems associated with DIC: bleeding and 
thrombosis. First, however, the role of laboratory testing in the assessment and man-
agement of DIC will be addressed.

Laboratory Diagnosis of DIC: The following laboratory testing is essential in 
considering the diagnosis of DIC: prothombrin time (PT), partial thromboplas-
tin time (PTT), fibrinogen, D-dimer, complete blood count with platelet count, and 
review of the peripheral blood smear. If the PT is inappropriately elevated greater than 
the PTT, then FVII and FV levels should be drawn. If the PTT is markedly elevated, a 
FVIII level should be drawn. If both the PT and PTT levels are elevated, a fibrinogen 
level should be performed, as severe DIC might cause markedly low fibrinogen levels. 
In most cases of DIC, it is not important to assay the contact pathway factors (FXII, 
prekallikrein, high molecular weight kininogen and FXI) due to their relative lack of 
effect on a bleeding diathesis.

As mentioned, it is important to draw a complete blood count and platelet 
count. It is unusual to have severe anemia from DIC, but thrombocytopenia is quite 
common. Additionally, mildly depressed platelet counts between 50,000/l and 
100,000/l might also contribute to bleeding, not because of the platelet number but 
due to the impaired platelet function common with the increased fibrinolysis and 
elevated fibrin degradation products (FDP) and D-dimer. If there is clinical throm-
bosis, it is essential to perform a protein C and antithrombin level.

One of the more recognized laboratory features of DIC is microangiopathic hemo-
lytic anemia, which occurs in about two-thirds of cases. Microangiopathic hemolytic 
anemia is detected by observing fragmented red blood cells (schistocytes) on peripheral 
smear; however, this is mostly a diagnostic finding, and the degree of hemolytic anemia 
is rarely sufficient to cause a clinical problem.

A special consideration in diagnosis is that most forms of DIC are intrinsically 
unstable states. It can be very difficult to confirm a diagnosis of DIC from a single 
specimen. Serial monitoring should demonstrate an increasing PT and PTT with 
a progressively decreasing platelet count. It could be argued that if the coagulation 
parameters and platelets in a patient are stable over 12–24 hours, then the patient is 
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not actively in DIC (except for compensated DIC – see below). This is not to imply 
that it is necessary to wait for serial sampling before treating a patient with suspected 
DIC; however, serial samples should be drawn to assess and monitor the ongoing 
 evolution of the consumptive coagulopathy.

Monitoring of a Bleeding Patient in DIC:

Prothrombin Time, Partial Thromboplastin Time, and Fibrinogen: 
Bleeding is typically caused when disseminated coagulation activation has consumed 
clotting factors to levels no longer capable of maintaining hemostasis. The extent of 
 factor consumption can be monitored by the screening tests, PT and PTT. An elevated 
PT is most sensitive to low FV levels, and an elevated PTT is sensitive to low FVIII levels 
as well as FV. Low fibrinogen levels do not usually affect the PT or PTT unless less than 
50–75 mg/dl (depending on instrumentation and reagents); more moderate decreases 
in fibrinogen can be detected using a specific fibrinogen assay. The elevated PT and PTT 
may also be affected by other diminished clotting factors, such as FII and FVII (espe-
cially if there is excessive tissue factor release as the primary cause for DIC), or decreased 
contact factor activity such as low FXII and prekallikrein. Individual clotting factors can 
each be measured by standard one-stage clotting tests (see Chapter 126). however, as 
management of the bleeding aspects of DIC requires evaluation of the global level of 
clotting factors, the PT and PTT are typically utilized for monitoring in this setting.

Fibrin Degradation Products and D-dimer: elevated FDP or D-dimer are seen 
in the majority of DIC cases, and are a measure of ongoing fibrinolysis. These tests 
are performed by agglutination based or eLISA assays (see Chapter 130). In addi-
tion to indicating fibrinolysis, FDP can also have a functional effect. They can inhibit 
platelet function as well as delaying conversion of fibrinogen and formation of fibrin 
monomer and fibrin. elevation of FDP can also prolong the thrombin clotting time 
due to impaired fibrin formation, which may also complicate laboratory monitoring 
of fibrinogen and dysfibrinogenemia.

Thrombocytopenia: Similar to the previously mentioned consumption of coagula-
tion factors, platelets are likewise consumed through activation and destruction in the 
abnormal microvasculature. Thrombocytopenia is one of the hallmark findings of DIC.

Monitoring of a Thrombotic Patient in DIC: The clinical manifestations of 
thrombosis include venous thromboembolism and arterial occlusion. These can man-
ifest as end-organ dysfunction, such as renal insufficiency and hepatic dysfunction. 
Purpura fulminans can also occur, which clinically is visually similar to necrotic skin 
lesions and appears to be related to microvascular clotting within the skin. This lat-
ter condition is seen most commonly in DIC induced by infectious diseases such as: 
meningococemia, varicella and rocky Mountain Spotted Fever. It is now well known 
that there is inappropriate reduction in the natural inhibitor protein C in comparison 
to the other clotting factors. This is due to the relatively short half-life of protein C 
(similar to that of FVII). Occasionally there is decreased production of antithrombin 
(ATIII) or protein S, but these are less commonly encountered. When there is clini-
cal or laboratory evidence of excessive thrombin activation, the replacement of these 
natural inhibitors of coagulation should be considered. however, such maneuvers are 
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only temporizing measures, and eliminating the initiating factor (e.g. treating the sep-
ticemia) is essential to breaking the DIC cycle.

Unique Laboratory Findings Associated with Certain Conditions of DIC:

Compensated DIC: Compensated DIC consists of ongoing activation of the coag-
ulation pathway with compensatory inactivation by the natural anticoagulant pro-
teins. Thus, an unnatural equilibrium is achieved where clotting does not occur but 
thrombin activation is ongoing. This state, although physiologically stable for a time, 
is extremely dangerous, as loss of the compensatory mechanisms can lead to throm-
bosis and conversion into classic unstable DIC. Compensated DIC is extremely dif-
ficult to diagnose. This may occur in any clinical situation, but may be more common 
in children with hemangiomas and in adults with disseminated carcinoma. Ongoing 
thrombin activation can be monitored by measuring generation of prothrombin 
fragment 1.2, and compensation by antithrombin can be assessed by thrombin–anti-
thrombin complexes. The net amount of active thrombin can be inferred by analyz-
ing the generation of fibrin monomers, FDP and D-dimers. Occasionally, a slightly 
decreased FVII level is seen in conditions of DIC associated with excessive tissue fac-
tor release and, despite the low FVII, the PT may be normal.

Early DIC with Sepsis and Hypoxia: Occasionally, DIC induced by sepsis or 
overwhelming infections can initially present with isolated thrombocytopenia and only 
mildly depressed screening laboratory values; other classic DIC laboratory findings (see 
above) will follow within 1–2 days. In DIC associated with hypoxia, initially a markedly 
low fibrinogen level may be found, which will be followed in 1–2 days with a markedly 
prolonged PT and PTT as seen in classic DIC.

Excessive Fibrinolysis: Conditions of hyperfibrinolysis or primary fibrinolysis 
may be seen in certain malignancies (e.g. acute promyelocytic leukemia, metastatic  
carcinoma) or in some obstetric complications (e.g. amniotic fluid embolism). In 
these situations, it is essential to have the laboratory perform a test for FDP as opposed 
to D-dimer testing, since measurement of FDP is more indicative of excessive plas-
min affect and fibrinolysis on each of the steps in conversion of fibrinogen to fibrin. 
The D-dimer can only be formed by the action of thrombin and FXIII forming cross-
linked fibrin, which is then digested by plasmin. Accordingly, it is not the best indica-
tor of excessive fibrinolysis. Additionally, the euglobulin lysis time (eLT) may be used. 
A short eLT is suggestive of hyperfibrinolysis (see Chapter 130).
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C H A P T e r  141
Heparin is one of the most widely utilized anticoagulants for thrombophrophy-
laxis. Unfractionated heparin (UFH) exerts its anticoagulant effect by complexing 
with and potentiating the activity of the natural anticoagulant, antithrombin (AT). 
The anticoagulant activities of AT are mainly due to inhibition of activated thrombin 
(FIIa) and activated Factor Xa (FXa). Preparations of low molecular weight heparin 
(LMWH) maintain anti-FXa activity, but may have decreased relative amounts of 
anti-FIIa activity based upon the preparation method.

Both UFH and LMWH have relatively short half-lives of approximately 2 hours 
and 1 hour, respectively. Thus, frequent monitoring is required to maintain therapeu-
tic doses whilst minimizing the risk of bleeding complications associated with supra-
therapeutic dosing. Two separate laboratory assays are routinely used to guide heparin 
therapy: activated partial thromboplastin time (PTT) and anti-Xa activity assay. The 
advantages and disadvantages of these approaches are discussed below.

PTT: The PTT measures the simultaneous function of multiple coagulation factors 
in the intrinsic pathway. The PTT is measured by adding a source of phospholipid 
and activation factor to recalcified plasma, and assessing coagulation by monitoring 
conversion of fibrinogen to fibrin (see Chapter 113).

Interpretation: Traditionally, the PTT has been used to monitor heparin therapy 
because of the sensitivity of the PTT to physiologic fluctuations in the activity of FII 
and FX. Prolongation of the PTT by 1.5–2.5 times the upper limit of the normal refer-
ence range is generally considered therapeutic. In addition, at the initiation of heparin 
therapy it is the goal to reach a PTT of 1.5 times the upper limit of the normal refer-
ence range within 24 hours.

Special Considerations and Sources of Error in Heparin Monitoring by 
PTT: Although the PTT is a routine test that is widely used for heparin monitoring, 
it has several distinct problems.

Lack of Specificity for Heparin Effects: First, the PTT measures the functional 
activity of multiple factors in the intrinsic pathway in addition to FII and FX; per-
turbations in any of these other factors can substantially alter the PTT. Deficiencies, 
factor inhibitors, and lupus anticoagulants can prolong the PTT, whereas acute 
phase levels of FVIII can shorten the PTT. Thus, there are multiple other independ-
ent variables that affect the PTT and that may change during the course of treatment. 
Determining the proper therapeutic value of a patient who presents with or acquires 
an altered baseline PTT is a clinical challenge.

Difficulty in Standardization: A variety of commercial assays exists to meas-
ure the PTT, many of which use different reagents and instrumentation. Unlike the  
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prothrombin time (PT), there is no international normalized ratio (INr) for the PTT 
to allow standardization. To attempt to remedy this, it is recommended that clinical 
laboratories calibrate their therapeutic range using a minimum of 30–40 samples with 
values obtained by a protamine sulfate titration or anti-Xa activity assay. In addition, 
this standardization should be repeated with each new lot of PTT reagent, even from 
the same manufacturer.

Dynamic Range of the PTT: The PTT is sensitive over a range of heparin concen-
trations from 0.1 to 1.0 units/ml, but is not quantitative with concentrations 1 unit/
ml. For this reason, the PTT is not useful in patients who require large doses of 
heparin, such as patients undergoing cardiac bypass procedures. In this case, a point-
of-care activated clotting time (ACT) is often used.

Chromogenic Anti-Xa Activity Assay: The anti-Xa test quantifies the amount 
of heparin in a specimen by measuring heparin activity through the ability to inhibit 
FXa. In addition to monitoring heparin activity, the anti-Xa activity assay can be used 
to monitor fondaparinux (an inhibitor of FXa), but different calibration curves and 
reference ranges must be used.

Anti-Xa activity is measured by adding a known quantity of purified FXa to the 
patient plasma along with a chromogenic substrate for FXa. The presence of heparin 
in the specimen will inhibit the FXa and decrease generation of the signal from cleav-
age of the chromogenic substrate. Unlike the PTT, the assay does not depend upon 
other coagulation factors of the intrinsic pathway in the patient plasma. Thus, the 
number of uncontrolled variables is substantially decreased and there are fewer pre-
analytical and analytical variables affecting the result.

Since heparin requires AT to inhibit FXa, if the patient has an acquired or congeni-
tal AT deficiency, then the assay will underestimate the heparin levels in the patient. 
Some systems remedy this by adding AT into the FXa reagent; however, addition of AT 
is not included in all commercial systems.

Whether or not AT should be added to the assay is a matter of debate. Addition of 
AT will more accurately reflect the pharmacological levels of heparin in the patient, 
however, it may overestimate the heparin activity in vivo and lead to a false conclu-
sion that a therapeutic level has been reached. This could lead to inadequate throm-
boprophylaxis. In contrast, not adding AT may underestimate the amount of heparin 
present. This is relevant if the patient has a transient AT deficiency. In such a case, 
resynthesis of AT by the patient’s liver may shift a therapeutic dose to a superthera-
peutic dose over time. This issue is not a matter of concern in patients unless they 
have decreased amounts of AT.

Interpretation: Because heparin is determined through inhibition of FXa activity, 
the amount of residual FXa activity is inversely proportional to the amount of heparin 
in the sample. A therapeutic range for thrombophrophylaxis is generally considered to 
be 0.3–0.7 units/ml.

Comparison of the PTT and Anti-Xa Activity Assay for Monitoring 
Heparin Therapy: Numerous studies have been performed comparing PTT and 
anti-Xa assays for monitoring heparin therapy. No statistically significant difference 
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between the two assays has been found when evaluating recurrent thromboembolism 
or bleeding complications. However, anti-Xa activity assays are superior in several 
regards, including time to first therapeutic level, quantity of heparin administered, 
number of dosing changes, and number of monitoring tests.

The anti-Xa activity assay has several additional advantages. First, the anticoagulant 
fondaparinux, which targets Factor Xa, can only be monitored by the anti-Xa assay 
and not the PTT (see above). Second, most preparations of LMWH have decreased 
anti-FIIa activity relative to anti-FXa activity. Thus, the anti-Xa assay is a better meas-
ure of LMWH activity.

PTT and Anti-Xa to Monitor Heparin Resistance: A subset of patients has 
been described who require an inordinately large dose of heparin to achieve a thera-
peutic range as measured by the PTT. Understanding of the causes and management 
of heparin-resistant patients is an evolving field. Currently, heparin resistance appears 
to occur as a result of multiple factors, such as a shortened PTT due to increased acute 
phase proteins (i.e. FVIII and fibrinogen), shortened heparin half-life due to plasma 
protein binding or increased clearance, deficiency of AT that removes heparin’s phar-
macological target, and use of medications such as aprotinin or nitroglycerin.

The proper management of such patients is an area of study, and may vary based 
upon the underlying cause of heparin resistance. However, currently, heparin is given 
and monitored by either a PTT or anti-Xa assay. A randomized controlled trial has 
shown that lower doses of heparin were ultimately given to patients being monitored 
with the anti-Xa activity assay; however, no difference was observed in clinical out-
comes of recurrent venous thromboembolism or hemorrhage when using these two 
assays.
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Anne M. Winkler, MD

C H A P T e R  142
Warfarin has been the most widely utilized oral anticoagulant since its introduction 
over 50 years ago. Warfarin is a vitamin K antagonist, which exerts its anticoagulant 
effect by interfering with -carboxylation of glutamate residues of the N-terminus of 
coagulation Factors II (FII), VII (FVII), IX (FIX) and X (FX) through inhibition of 
enzymatic reduction of vitamin K, resulting in decreased coagulant activity. However, 
warfarin also inhibits carboxylation of the intrinsic anticoagulants, proteins C, S and 
Z, producing a less dominant, paradoxical procoagulant effect.

Warfarin is available as a racemic mixture of R and S enantiomers with a half-life 
of 36–42 hours, and its pharmacodynamics are strongly influenced by both environ-
mental and genetic factors. As a result, frequent monitoring is required to maintain 
therapeutic dosing while minimizing the risk of supratherapeutic dosing. The pro-
thrombin time (PT) modified in the form of the international normalized ratio (INR) 
is traditionally used to monitor warfarin treatment, and remains the mainstay of war-
farin monitoring. Recently, genetic testing including analysis of mutations of the cyto-
chrome P450 complex CYP2C9 and vitamin K epoxide reductase (VKOR) has lead to 
an explanation of the extremes of physiologic warfarin responses and a potential for 
more individualized treatment algorithms.

PT:  The PT measures the function of coagulation factors in the “extrinsic” and “com-
mon” pathways, namely fibrinogen, FII (prothrombin), FV, FVII and FX. The PT is 
performed by adding thromboplastin (a source of tissue factor and phospholipid 
extracted from tissues such as brain, lung or placenta) to recalcified plasma and assess-
ing coagulation (see Chapter 113).

Interpretation: Traditionally, the PT has been used to monitor warfarin therapy 
because of the sensitivity of the PT to the variability of the vitamin K dependent 
coagulation factors, FII, FVII and FX. Initially, the PT reflects the marked reduction 
of FVII by warfarin; however, with continued treatment, further prolongation results 
from reduction of FII and FX.

Special Considerations and Sources of Error and Warfarin Monitoring by 
PT: Although the PT is a routine test that is widely used for coumadin monitoring, 
reporting the PT alone has several distinct problems.

Variability in Responsiveness to Thromboplastin Reagents: Thromboplastin 
reagents vary in responsiveness to reduction of the vitamin K dependent coagulation 
factors, phospholipid content, and preparation. More specifically, responsive throm-
boplastin reagents produce more prolongation of the PT as compared to unresponsive 
reagents, and this variability can be measured by determining the international sensi-
tivity index (ISI) for each thromboplastin reagent. This is accomplished by comparison 
715
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of the PT of the working reagent of normal controls and patients who have received 
stable oral anticoagulation therapy for at least 6 weeks to results obtained using a 
standard reagent calibrated against the World Health Organization standard. In gen-
eral, thromboplastin reagents with lower ISI values are more responsive and may result 
in a lower coefficient of variation (CV) as compared to a thromboplastin reagent with 
a higher ISI. As a result, the College of American Pathologists (CAP) recommends use 
of thromboplastin reagents with an ISI  1.7 (moderately responsive) that have been 
validated for a specific reagent/instrument combination, of which over 150 are cur-
rently commercially available.

However, despite this recommendation, problems exist with incorrect manufac-
ture-designated ISI values for a given reagent, and with additional variables such as 
the common use of automated clot detectors that can affect the reliability of the PT. 
As a result, local calibration using reagents of a certified PT value can be performed to 
improve INR results, and guidelines have been established by the Clinical Laboratory 
Standards Institute (CLSI).

Standardization of PT Reporting: Owing to the variability of the PT, adoption of 
the INR has improved oral anticoagulation monitoring and can be calculated using 
the following formula:

INR (patient PT/mean normal PT)ISI

Upon initiation of oral anticoagulation, INR monitoring should begin after two to 
three doses of warfarin; once stable, monitoring should occur at intervals no greater 
than 4 weeks. The American College of Chest Physicians (ACCP) has recently pub-
lished evidence-based clinical practice guidelines for warfarin treatment over a range 
of clinical indications and additional information concerning the management of 
supratherapeutic INR values is published within the same supplement as recom-
mended below.

The use of the INR to monitor patients with antiphospholipid antibody syndrome 
has been criticized, due to the varying effects of lupus anticoagulations on thrombo-
plastin reagents. There is potential for spurious results without adequate reduction of 
vitamin K dependent coagulation factors, and therefore subtherapeutic INR results. In 
addition, use of the INR in initial monitoring and in patients with liver disease may be 
less reliable due to the variation in reduction of factors measured in the PT. Despite 
all these criticisms, the INR remains the gold-standard laboratory test for warfarin 
monitoring.

Abnormal Warfarin Responsiveness:

Genetic Factors: As previously stated, warfarin is composed of R and S enantiom-
ers, which are metabolized by different cytochrome P450 enzymes. The more potent S 
enantiomer is metabolized by the CYP2C9 enzyme, while the R enantiomer is metab-
olized by CYP1A2 and CYP3A4 enzymes. As a result, mutations in the genes encoding 
the cytochrome P450 2C9 enzymes produce impaired metabolism of the S enanti-
omer, resulting in increased half-life and therefore reduced dosing requirements. The 
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CYP2C9*2 and CYP2C9*3 have been the most characterized variants, and the specific 
demographics are displayed in Table 142.1.
Table 142.1 CYP2C9 allele Prevalence

CYP2C9 allele CYP2C9*1 CYP2C9*2 CYP2C9*3

ethnic group

White (%) 79–86 8–19.1 6–10

african american (%) 98.5 3 6

asian (%) 95–98.3 0 1.7–5
In addition, mutations in the gene encoding the VKOR protein and comprising 
the vitamin K oxide reductase complex 1 (VKORC1) have been identified as a cause 
of hereditary warfarin resistance, which results in increased warfarin dosing require-
ments. More specifically, three haplotypes have been identified, which have a reported 
prevalence of 58% in europeans, 49% in Africans and 10% in Asians.

Lastly, an additional mutation affecting FIX propeptide has been shown to affect 
warfarin pharmacokinetics, causing reduction of FIX, which is not measuring using 
the PT. This mutation increases the risk of bleeding associated with warfarin, and has 
been identified in less than 1.5% of the population.

Recently, the FDA has approved assays for detection of 2C9 and VKORC1 mutants. 
Also, additional information concerning pharmacogenetic testing has been added 
to the warfarin-prescribing information. However, at the present time, and in the 
absence of randomized trials, there is no evidence to recommend universal screening 
of genetic mutations in patients beginning warfarin therapy, even though customized 
dosing algorithms exist.

Environmental and Drug Interactions: The pharmacokinetics of warfarin 
is heavily influenced by environmental factors and drug interaction, including pre-
scribed medications, over-the-counter drugs, nutritional supplements, diet, and herbal 
products (see Table 142.2).
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Table 142.2 Drug, Food and bictary Supplement Interaction with Warfarin by level of Su
(Section 1.1.2)*

Level of 
Causation

Anti-infectives Cardiovascular 
Drugs

Analgesics, Anti-
inflammatories and 
Immunologics

Central Nervous 
System Drugs

Gastro
Drugs

Potentiation

Highly 
probable

Ciprofloxacin
Cotrimoxazole
erythromycin
Fluconazole
Isoniazid 

(600 mg/day)
Metronidazole
Miconazole oral 

gel
Miconazole 

vaginal 
suppositories

Voriconazole

amiodarone
Clofibrate
Diltiazem
Fenofibrate
Propafenone
Propanolol
Sulfinpyrazone 

(biphasic with 
later inhibition)

Phenylbutazone
Piroxicam

alcohol (if 
concomitant 
liver disease)

Citalopram
entacapone
Sertraline

Cimeti
Fish oi
Mango
Omep

Probable amoxicillin/
clavulanate

azithromycin
Clarithromycin
Itraconazole
levofloxacin
Ritonavir
Tetracycline

acetylsalicylic 
acid

Fluvastatin
Quinidine
Ropinirole
Simvastatin

acetaminophen
acetylsalicylic acid
Celecoxib
Dextropropoxyphene
Interferon
Tramadol

Disulfiram
Choral hydrate
Fluvoxamine
Phenytoin 

(biphasic 
with later 
inhibition)

Grapef

Possible amoxicillin
amoxicillin/

tranexamic 
rinse

Chloramphenicol

amiodarone-
induced 
toxicosis

Disopyramide
Gemfibrozil

Celecoxib
Indomethacin
leflunomide
Propoxyphene
Rofecoxib

Felbamate Cranb
Orlista



Laboratory�Support�for�W
arfarin�M

onitoring�
719

Curbicin
Danazol
Ifosphamide
Trastuzumab

etoposide/carboplatin
levonorgestrel

igh vitamin K 
content foods/
enteral feeds

vocado (large 
amounts)

Mercaptopurine

oy milk
ucralfate

Ginseng Chelation therapy
Influenza vaccine
Multivitamin 

supplement
Raloxifene 

hydrochloride

ushi containing 
seaweed

Cyclosporine
etretinate
Ubidicarenone

Green tea

ns. Arch Intern Med 165, 1095–1106.
Gatifloxacin
Miconazole 

topical gel
Nalidixic acid
Norfloxacin
Ofloxacin
Saquinavir
Terbinafine

Metolazone Sulindac
Tolmetin
Topical salicylates

Highly 
improbable

Cefamandole
Cefazolin
Sulfisoxazole

bezafibrate
Heparin

levamisole
Methylprednisolone
Nabumetone

Fluoxetine/
diazepam

Quetiapine

Inhibition

Highly 
probable

Griseofulvin
Nafcillin
Ribavirin
Rifampin

Cholestyramine Mesalamine barbiturates
Carbamazepine

H

a

Probable Dicloxacillin
Ritonavir

bosentan azathioprine Chlordiazepoxide S
S

Possible Terbinafine Telmisartan Sulfasalazine S

Highly 
improbable

Cloxacillin
Nafcillin/

dicloxacillin
Teicoplanin

Furosemide Propofol

From Holbrook AM, Pereira JA, Labiris R et al. (2005). Systematic overview of warfarin and its drug and food interactio
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Prothrombin Complex Concentrates
Christine L. Kempton, MD

C H A P T E r  143
Products: Products are prothrombin complex concentrates (PCCs, also termed 
Factor IX complex concentrates; in the US these products include Bebulin VH and 
Profilnine SD) and activated prothrombin complex concentrates (aPCCs, also termed 
anti-inhibitor complex concentrates; in the US this product is supplied as FEIBA VH).

Description: Both PCCs and aPCCs are plasma derivates manufactured from 
pooled human plasma. Various purification (including ion exchange chromatogra-
phy and DEAE cellulose adsorption) and viral inactivation (including vapor heat and 
solvent detergent) methods are employed in the manufacturing process. All prod-
ucts contain vitamin K dependent clotting factors, Factors II, VII, IX and X, though 
the relative proportions may vary. PCCs consist mainly of unactivated Factors II, IX 
and X, but also contain protein C and protein S and small amounts of activated fac-
tors. aPCCs also consist mainly of unactivated Factors II, IX and X but, in contrast 
to the PCCs, have higher amounts of the factors in the activated form (FVIIa, FXa). 
Prothrombin (Factor II) and Factor Xa are thought to be the critical components 
for the hemostatitic activity of aPCCs. Both PCCs and aPCCs vary in the amount of 
factors they contain; this variation is not only manufacture dependent, but also lot 
dependent.

Indications: These two products have different indications; neither is indicated for 
the treatment of hemophilia B (Factor IX deficiency) patients without inhibitors, as 
there are recombinant or purified Factor IX products for this indication.

PCCs have been used in congenital prothrombin or Factor X deficient patients. 
Although not FDA approved for use in hemorrhage associated with oral anticoagu-
lants, off-label use of PCCs for reversal of warfarin anticoagulation is recommended 
by the 8th ACCP Consensus Conference on Antithrombotic Therapy for treatment of 
severe or life-threatening bleeding while on warfarin anticoagulation (see Table 29.2 
for details). Alternate treatments in these patients include plasma or recombinant 
Factor VIIa, with product choice dependent on the clinical situation and product 
availability.

aPCCs are approved for the treatment of acute bleeds in patients with hemophilia 
A or B (Factor VIII or Factor IX deficiency) and inhibitors (see Chapters 96 and 97). 
They have also been successfully used in patients with acquired Factor VIII inhibitors 
(see Chapter 111). An alternate product used in the treatment of hemophilia patients 
with inhibitors is recombinant Factor VIIa.

Storage and Stability: Information regarding the purification, viral inactivation 
and storage of currently available products is presented in Table 143.1. After reconsti-
tution, products can be stored at room temperature for up to 3 hours.
721
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Table 143.1 Product information on currently available PCCs and aPCC

Purification method Viral inactivation method Prior to reconstitution

PCC
bebulin VH Ion exchange 

chromatography
Vapor heat 2–8°C refrigeration; do 

not freeze

Profilnine SD Deae cellulose 
adsorption

Solvent detergent 2–8°C refrigeration; 
do not freeze; may 
be stored at room 
temperature ( 30°C) 
up to 3 months

aPCC
FeIba VH Vapor heat 2–8°C refrigeration; 

may be stored at room 
temperature ( 25°C) 
up to 6 months
Dosage: The activity of PCCs is labeled by the number of Factor IX IUs, upon which 
dosing is based. For warfarin reversal in the setting of an INr 5, a single 500-IU injec-
tion is thought to be optimal. Alternatively, a 25- to 50-IU/kg injection of PCCs can be 
used in the setting of more severely elevated INrs. Vitamin K should be used concomi-
tantly for warfarin reversal and, since these doses are based on case reports and small 
clinical studies, careful monitoring of continued bleeding and INr level is necessary.

The potency units of aPCCs are designated as such that one unit is the amount that 
shortens the PTT of Factor VIII inhibitor-containing reference plasma by 50%. For treat-
ment of Factor VIII and IX inhibitors, aPCC typical dosing is 50–100 U/kg every 8–12 
hours. Daily dosing should not exceed 200 U/kg. aPCC dosing of 50–100 U/kg three times 
per week may be used to prevent bleeding in persons with hemophilia and an inhibitor.

Adverse Reactions/Precautions: Thrombosis and DIC have been reported to 
occur with both PCCs and aPCCs. Thrombosis is rare in persons with hemophilia 
receiving aPCC, occurring in 1% of patients. However, the risk of thrombosis 
increases when other thrombophilic risk factors are present (including the elderly or 
those with clinical indications for warfarin anticoagulation). Laboratory parameters 
of DIC should be monitored in those that are receiving treatment for multiple con-
secutive days (see Chapter 140). To decrease the risk of thrombosis, PCCs or aPCCs 
should not be given concomitantly with antifibrinolytics, or to patients in DIC.

Since PCCs and aPCCs are plasma proteins, allergic reactions can occur. 
Additionally, persons with hemophilia B and allergic reactions to Factor IX concen-
trates may also have an allergic reaction upon exposure to Factor IX contained in 
aPCC products.

Although the viral inactivation methods are able to reduce many viruses to unde-
tectable levels, they are less effective at removal of parvovirus B19 and hepatitis A 
virus. Accordingly, infusion of these products carries a risk of infection with these 
viruses. Patients receiving these products may benefit from hepatitis A vaccination 
if not previously exposed. In addition, as prions are not removed by the treatments, 
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there is a risk of transmitting spongiform encephalopathy. However, there have been 
no cases of prion transmission from PCCs or aPCCs to date.

Bebulin contains a small amount of heparin ( 0.15 IU heparin per IU Factor IX). 
Therefore, this product should not be used in a patient with a history of heparin-
induced thrombocytopenia.
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Baglin P, Keeling DM, Watson HG et al. (2005). Guidelines on oral anticoagulation 
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lines, on behalf of the Australasian Society of Thrombosis and Haemostasis. Med J 
Aust 181, 492–497.
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von Willebrand Factor Concentrates
Thomas C. Abshire, MD

C H A P T E R  144
There are currently three Factor VIII (FVIII)/von Willebrand factor (VWF) con-
taining concentrates on the US market, two of which have been approved by the FDA 
for treatment of von Willebrand disease (VWD) (Table 144.1). The amount of FVIII 
and functional von Willebrand Factor (VWF:RCo) contained in each product varies. 
Two of the products are labeled in FVIII units (Alphanate and Koate-DVI) and one 
is labeled according to VWF:RCo units (Humate-P). Since Alphanate was recently 
licensed by the FDA for treating VWD types 1 and 2 during surgery, the company has 
added VWF:RCo units on the vial as well.

All three products are derived from human plasma. The methods of viral inactiva-
tion are defined in detail in Table 144.1, and have been highly effective at effectively 
eliminating potential viral pathogens.
Table 144.1 FVIII/VWF Plasma Derived Clotting Factor Concentrates available for 
Treatment of  VWD in the United States

Product Manufacturer Mechanics of viral 
inactivation

FDA approval for 
VWD

Ratio of VWF:
FVIII

alphanate Grifols 1. affinity 
chromatography

Yes 1 : 1

2. Solvent/detergent 
(TNbP/polysorbate 80)

Surgery; Type 1 and 
2 NOT responsive to 
DDaVP

*HMWM not 
well retained

3. Dry heat (80°C, 72 h)

Humate P CSl behring 1. Pasteurization (60°C, 
10 h)

Yes 2 : 1

HMWM well 
retained

Koate-DVI Talecris 1. Solvent/detergent 
(TNbP/polysorbate 80)

No  1 : 1

2. Dry heat (80°C, 72 h) HMWM not well 
retained

*HMWM, high molecular weight multimers.
Humate P is the only product that is licensed for all types of VWD treatment. The 
ratio of VWF:RCo : FVIII is highest in Humate P (2 : 1), and this product also con-
tains the largest proportion of high molecular weight multimers, which are thought 
to be most effective in platelet vessel adhesion. Alphanate has been recently approved 
by the FDA for treating types 1 and 2 VWD during surgery, in patients not responsive 
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to DDAVP. Koate-DVI has been utilized to treat VWD, but is not licensed for this 
indication by the FDA. Compared to Humate P, both Alphanate and Koate-DVI have 
less well-retained high molecular weight multimers; the ratio of VWF:RCo : FVIII for 
Alphanate is 1 : 1 and for Koate-DVI is less than 1 : 1.

Indications: VWD results from a deficiency in quantity and/or function of the 
VWF, resulting in defective bridging of platelets to the vessel wall and/or destabi-
lization of FVIII (see Chapter 95). The larger molecular weight multimers are best 
equipped to provide bridging of the platelet to the vessel wall, and therefore products 
that are deficient in these higher molecular weight multimers are not as effective in 
achieving this result.

The majority of VWD (75–80%) is type 1 (quantitative defect), and type 1 patients 
usually respond to DDAVP. However, in those who do not respond (e.g. type 1C or 
Vincenza type), replacement with a VWF containing product may be necessary. In 
type 2 VWD, which is characterized by a qualitative defect of VWF, DDAVP treatment 
may result in increased levels of VWF, which is often defective. This is particularly the 
case in VWD types 2A, 2B and 2M. The defect in type 2N is the result of improper 
binding of FVIII to the VWF. DDAVP response in type 2 is highly variable, and 
should be tested, especially in type 2A patients. DDAVP is often contraindicated in 
type 2B, and is ineffective in type 2N. Thus, for those patients who fail to respond to a 
trial of DDAVP, or who have type 2B or 2N VWD, VWF replacement is the preferred 
treatment. For type 3 VWD, there is no functional gene to synthesize VWF and FVIII 
is quickly degraded. Accordingly, treatment with a FVIII:VWF containing product for 
type 3 VWD is essential. When they become available, recombinant VWF or purified 
VWF (containing essentially no FVIII) will need FVIII products to be given simul-
taneously, at least initially, until the releasable pool of FVIII is mobilized to bind to 
the exogenously administered VWF. Finally, patients with platelet-type/pseudo-VWD 
have a defect in the GPIb binding site of platelets. The VWF is normal; therefore, 
these patients respond best to platelet infusions and not a VWF containing product.

When considering treatment for bleeding, invasive procedures or for surgery in 
patients needing a FVIII/VWF containing product, it is important to consider the 
function of both the VWF and FVIII when determining a treatment plan. Since the 
VWF initially allows for adhesion of platelets to the blood-vessel wall and subse-
quent aggregation, treatment of these patients is initially directed towards preventing 
mucosal bleeding and providing immediate surgical hemostasis. Subsequent treat-
ment is focused on preventing the FVIII related bleeding symptoms (delayed bleed-
ing). Accordingly, it is important to keep the FVIII level in a hemostatic range.

Treatment of VWD with FVIII/VWF containing products results in an increase in 
both VWF and FVIII. Additionally, both VWF and FVIII are released from endothelial 
storage sites (Weibel Palade bodies) and from megakaryocytes/platelets, similar to what 
occurs after administration of DDAVP. The usefulness of the VWF and FVIII released in 
this setting will be dependent upon the type of VWD being treated, and this fact must be 
taken into consideration when devising a treatment plan. Additionally, it is important to 
realize that the defect in VWD is in the VWF, and therefore the clinician cannot utilize 
a recombinant FVIII product, as this product will not contain the von Willebrand pro-
tein. Likewise, highly purified FVIII that does not contain VWF is not efficacious in this 
setting.
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Storage and Stability: All three products are supplied as a lyophilized powder in 
single-use vials. They are reconstituted with Sterile Water for Injection, USP. Prior to 
reconstitution, the vials should be refrigerated (2–8°C) (with the exception of Humate 
P which can be stored at 25°C). Exposure to direct sunlight should be avoided. After 
reconstitution, the product may be refrigerated or stored at room temperature for up 
to 3 hours.

Dosing: The half-life of VWF is similar to that of FVIII, and dosing of a FVIII/VWF 
containing product is similar to the dosing of FVIII products. The half-life of VWF 
is approximately 10–12 hours, and 1 unit of VWF:RCo will raise the VWF activ-
ity by approximately 2%. As previously discussed, the hemostatic level of the VWF:
RCo should be emphasized in the first 3 days after surgery or an invasive procedure, 
with a subsequent focus on maintaining a hemostatic level of FVIII for the 7–10 days 
after surgery or an invasive procedure. As mentioned, endogenous stores of FVIII and 
sometimes VWF (though it may be defective) are being released post-surgery, there-
fore, both VWF:RCo and FVIII levels should be monitored. It is important not only to 
keep these levels in a hemostatic range, but also to guard against the levels becoming 
too elevated – especially to a FVIII level greater than 200%, which might contribute to 
thrombosis. This potential concern is particularly the case in elderly patients.

The VWF:RCo should be maintained near 100% during the first 1–2 days after 
surgery, then kept above 50% for the first week after surgery and above 30% for the 
second week. These levels are initially maintained by 12-hourly infusions of an appro-
priate FVIII/VWF containing product, and then reduced to daily or every other day 
dosing. FVIII levels should also be maintained initially at 100% and then above 50% 
for the first week after surgery and above 30% for the second week or until healing is 
complete. Daily or every other day infusions of the FVIII:VWF containing product 
may be all that is needed to maintain adequate levels of both proteins.

Minor surgery usually only requires levels of VWF and FVIII above 30–50%. This 
is particularly the case with dental extractions, which may only need one dose of the 
product to keep the levels above 30%.

Adverse Reactions of FVIII/VWF Containing Products: A potential concern 
from a patient perspective is the possible risk of infectious exposure from a FVIII:VWF 
containing product, which is plasma derived. However, modern plasma manufacturing 
has essentially eliminated the risk of both lipid (e.g. HIV, hepatitis B and hepatitis C) 
and non-lipid enveloped viruses (e.g. hepatitis A, Epstein-Barr virus and cytomegalovi-
rus) as a real concern. Additionally, donor selection and the plasma fractionation proc-
ess remove any significant risk of other non-lipid evolved viruses or infectious prions 
such as Creutzfeldt-Jakob disease (CJD). Accordingly, patients can by most measures be 
assured of the safety of these plasma derived FVIII/VWF containing products. Note that 
at least one viral inactivation step is included in the manufacturing of all three products, 
and studies so far have found them to be safe against the previously mentioned viruses.

However, a more important potential concern is the risk of thrombosis with very 
high levels of FVIII – particularly in the elderly, who may have risk factors for stroke or 
cardiac disease. Other potential risks are antibody formation directed against the von 
Willebrand protein, seen occasionally in type 3 VWD. If this occurs, large doses of FVIII/ 
VWF containing products may overwhelm the antibody, but sometimes bypassing 
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agents such as rFVIIa need to be utilized. Additionally, efforts may be directed against 
removing the antibody with intravenous immunoglobulin and immunosuppres-
sive agents. Another concern is that of cost. It is important to keep in mind the ratio 
of the VWF:RCo:FVIII in the product of choice to best determine the overall cost to 
the patient. Utilizing a FVIII:VWF containing product with higher concentrations of 
VWF may be helpful in both treatment of VWD and reducing cost. Finally, fresh frozen 
plasma (FFP) or cryoprecipitate should not be utilized routinely in the treatment of 
VWD, but only in emergent situations when no suitable FVIII:VWF containing prod-
uct is available. Plasma or cryoprecipitate are not virally inactivated and, in the case of 
FFP, too large a volume is needed to maintain hemostatic levels of VWF and FVIII.
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Factor VIII (FVIII) concentrates are either manufactured from human plasma 
pools or genetically engineered. FVIII concentrates are indicated in the treatment 
of hemophilia A. Intermediate purity products that contain von Willebrand Factor 
(VWF), and which were previously used for the treatment of hemophilia A, are cur-
rently used primarily in the management of von Willebrand disease (see Chapter 144) 
now that more highly purified FVIII concentrates are available.

Factor VII Products:

Factor VIII Purified from Donors: There is a variety of available Factor VIII 
products that are manufactured from donor pools of human plasma. Plasma con-
centrates are manufactured from either recovered plasma or source plasma from all-
ogeneic donors who fulfill whole blood donation eligibility criteria and testing (see 
Chapters 5 and 11). This process is highly regulated through the FDA and the Plasma 
Protein Therapeutics Association (PPTA). Purification and potential pathogen-atten-
uation steps include cryoprecipitation, which concentrates the FVIII; ion exchange 
or gel permeation chromatography, which purifies the FVIII from the plasma; and 
monoclonal antibody immunoaffinity chromatography, which purifies the FVIII and 
removes contaminating proteins. Immunoaffinity chromatography has the added ben-
efit of reducing non-lipid enveloped viruses such as hepatitis A and parvovirus B19.

Products that are purified utilizing murine monoclonal antibody chromatography 
have little residual VWF, and are referred to as high purity products. Those that do not 
go through this step have residual VWF of varying amounts and multimer pattern. 
These are commonly referred to as intermediate purity FVIII concentrates, and may 
also be useful in treatment of patients with VWD.

Transmission of pathogens is a major concern for products purified from human 
plasma. Pathogen contamination is minimized by utilizing a variety of blood donor 
screening techniques, including nucleic acid testing (NAT) and 60-day inventory hold 
periods. Additional viral attenuation steps are also utilized, which can include solvent 
detergent treatment that inactivates lipid-enveloped viruses such as HIV and hepatitis 
C, and heat treatment/pasteurization that inactivates both lipid enveloped and non-lipid 
enveloped viruses. These products are stabilized with human albumin. The final product 
is lyophilized; this has been shown to reduce the risk of hepatitis A contamination. A 
comparison of currently available products is presented in Table 145.1.

Recombinant FVIII Products: Expression of the cloned FVIII gene in recom-
binant expression systems has the promise of eliminating pathogen contamina-
tion from human donors. The process involves expression of the human FVIII gene 
by an animal cell line, purification, stabilization, lyophilization and final packaging. 
729
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Table 145.1 Comparison of Currently available Plasma Derived Factor VIII 
Concentrates*

Product Plasma source Pathogen attenuation Reconstituted 
volume per vial

low VWF Hemofil M Pooled human 
plasma

Moab Ia, Ie, SD 10 ml

Monoclate-P Pooled human 
plasma

Moab Ia, 
pasteurization

5–20 ml

High VWF alphanate Pooled human 
plasma

Ia, Ie, SD 5–10 ml

Koate-DVI Pooled human 
plasma 

SD, heat, gel permeation 
chromatography

5–10 ml

Humate-P Pooled human 
plasma 

Cryoprecipitation, 
al(OH)3 adsorption, 
glycine precipitation, 
NaCl precipitation, 
pasteurization

5–15 ml

*Information on the above products is available in the package insert of each product.
VWF, von Willebrand Factor; MoAb IA, monoclonal antibody immunoaffinity chromatography; IA, immunoaffinity 
chromatography; IE, ion exchange; SD, solvent detergent.
Although the FVIII has not been purified from humans, some human or animal pro-
teins can be required for proper culturing of the expression systems; thus, products are 
also subjected to pathogen inactivation. Three different generations of recombinant 
FVIII products have been produced. In general, the goal with successive generations 
of products is to reduce the use of human or animal proteins in the manufacturing 
process to decrease the chance of introducing pathogens.

First Generation: In the first-generation product, the FVIII gene is expressed 
by Chinese hamster ovary (CHO) cells. During fermentation the cells are grown in 
culture media containing human albumin, bovine albumin and insulin, to help the 
growth process and ensure production of a sufficient amount of FVIII. During puri-
fication, murine monoclonal antibody immunoaffinity chromatography is utilized to 
isolate the FVIII. Human albumin is added to stabilize the product. The product is 
then lyophilized and packaged into single-dose vials of varying potency (Table 145.2).

Second Generation: In the second-generation product, the FVIII gene is expressed by 
baby hamster kidney (BHK) or CHO cell lines. Human albumin, but no other animal 
protein, is used as an ingredient in the fermentation step. Instead, recombinant human 
insulin has replaced the bovine form, and no bovine albumin is used. The products 
are purified using murine monoclonal antibody immunoaffinity chromatography,  
solvent detergent, ion exchange chromatography, and ultrafiltration. In the stabilization 
process, no human albumin is added to stabilize the molecule. Instead, sugars, salts or 
amino acids are used as stabilizers. These products are then lyophilized and packaged 
into single-dose vials containing various amounts of FVIII protein (Table 145.2).
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Table 145.2 Comparison of Currently available Recombinant Factor VIII 
Concentrates*

Product Host cell Purification/
pathogen 
attenuation

Stabilizer Reconstituted 
volume per vial

First generation Recombinant CHO Moab Ia, Ie albumin 10 ml

Second 
generation

HelixateFS/ 
Kogenate FS

bHK 
CHO

Moab Ia, Ie, 
SD,UF

Sucrose 2.5–5 ml

Third generation advate CHO Moab Ia, Ie, SD Trehalose 5 ml
Xyntha CHO Ia, SD, peptide 

affinity 
chromatography, 
nanofiltration

Sucrose 4 ml

*Information on the above products is available in the package insert of each product.
MoAb IA, monoclonal antibody immunoaffinity chromatography; IE, ion exchange; SD, solvent detergent;  
UF, ultrafiltration.
Third Generation: Third-generation recombinant FVIII is produced in CHO cells 
without the addition of human or animal proteins during fermentation, purification 
or final formulation. The final step for both products is lyophilization and unit-dose 
packaging (Table 145.2). Xyntha is a unique third-generation product which lacks the 
B domain of FVIII. The B domain is not necessary for coagulant activity and the result-
ant shorter molecule is secreted more efficiently in cell culture. In addition the mouse  
monoclonal antibody purification step, which is common to all other recombinant 
products, has been replaced by a synthetic peptide ligand purification step.

Indications, Dosing and Administration: Whether purified from human 
donors or from recombinant expression systems, FVIII is predominantly used to treat 
patients with a congenital deficiency in FVIII (hemophilia A). FVIII products can also 
be used in some cases of acquired Factor VIII deficiency; however, in the case of high-
titer autoanti-FVIII inhibitors, bypassing treatments are often required (e.g. activated 
prothrombin complex concentrates or recombinant FVIIa).

There are several important considerations when caring for a person with hemo-
philia A. The first is that prevention of bleeding episodes should be a primary goal. 
The second involves treating bleeding episodes early and aggressively. Additionally, 
supportive and adjunctive measures for each bleeding episode in the context of a 
multidisciplinary team approach should be strongly considered. FVIII concentrates 
are licensed for use as intermittent infusions. These products have been utilized in 
continuous infusion, either diluted in IV bags or undiluted in syringe pumps, with 
good results. The continuous infusion products should be reconstituted in a sterile 
environment, and usually the container is changed every 12–24 hours; however, stud-
ies have found maintained activity for much longer periods of time.

Processing and Storage: Factor products are available as lyophilized powders  
that are reconstituted with diluents provided with the packaged factor prior to  
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administration. It is important to handle the factor carefully, as extreme temperatures 
and agitation will diminish potency. Factor should be reconstituted immediately prior 
to dosing, to avoid loss of activity and minimize the risk of bacterial contamination. 
The products are available in single-dose vials containing differing amounts of FVIII 
protein.

FVIII Dosing and Administration: Upon reconstitution with the provided dilu-
ent, the product is delivered by slow intravenous push. In general, 1 unit/kg of infused 
FVIII product will raise the plasma level by 2%. The half-life of infused product is on 
average 12 hours, but may be shorter for individual patients – particularly young chil-
dren. General suggested treatment guidelines are presented in Table 145.3, but should 
be individualized to the patient.
Table 145.3 Suggested approach to Treatment of bleeding episodes based Upon 
Guidelines from Hemophilia of Georgia

Bleed site Desired % activity Length of therapy

Central nervous 
system

100% 7–14 days then consider prophylactic therapy 
for a minimum of 6 months

Persistent oral/
mucosal

30–60% 3–7 days

Retropharyngeal 80–100% 7–14 days

Persistent nasal 30–60% 1–3 days

Gastrointestinal 40–80% 3–7 days

Persistent gross 
urinary

40–60% 1–3 days

Muscle 40–80% every other day until pain-free movement

Iliopsoas 80–100% Until radiographic evidence of resolution

Joint 40–80% 1–2 days

Target joint 80% day 1 3–4 days

40% days 2 & 4
Complications of FVIII Therapy:

Inhibitor Development: A common complication of treating hemophilia A with 
FVIII is development of inhibitory anti-FVIII antibodies. As the FVIII protein is altered 
or absent in hemophilia A patients, infused FVIII represents a foreign antigen to the 
immune system. These inhibitory antibodies occur in approximately 30% of patients 
with severe hemophilia A, and to a lesser extent in mild and moderate disease. They 
are more likely to occur in the setting of a positive family history of inhibitors, in asso-
ciation with large gene deletions such as introns 1 and 22 inversions, and in non-white 
patients. There is no clear evidence as to whether the rate of antibody formation is 
influenced by the type of product utilized; however, it has been suggested that plasma 
derived products that contain VWF may be less immunogenic.
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Infection: Although extensive efforts are taken to screen out infectious donors, 
purify products and treat them with pathogen inactivation, the potential for pathogen 
transmission is not zero. In addition, the effectiveness of current pathogen-inactiva-
tion steps for removal of prions is not known; therefore transmission of spongiform 
encephalopathy is a theoretical risk.

Allergic Reactions: Trace contaminating proteins can induce allergic responses in 
hypersensitive individuals. These can be of human origin for human-derived prod-
ucts. In addition, as the recombinant expression systems involve cultured cells of ham-
ster origin, residual contaminating proteins have the potential to cause a reaction in 
patients hypersensitized to rodents.
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Factor IX (FIX) concentrates are either manufactured from human plasma pools 
or genetically engineered without the use of human plasma or proteins. FIX concen-
trates are indicated in the treatment of hemophilia B.

Factor IX Products:

FIX Purified from Donor Plasma: Two plasma derived FIX concentrates, 
AlphaNine SD and Mononine, are currently available. Plasma concentrates are manufac-
tured from either recovered plasma or source plasma from allogeneic donors who fulfill 
whole blood donation eligibility criteria and testing (see Chapters 5 and 11). This process 
is highly regulated through the FDA and the Plasma Protein Therapeutics Association 
(PPTA). A comparison of AlphaNine SD and Mononine is presented in Table 146.1.
Table 146.1 Comparison of Currently available Plasma-Derived Factor IX Products*

Product Plasma source Pathogen attenuation Reconstituted 
volume per vial

alphaNine SD Pooled human plasma Deae chromatography, Dual 
affinity chromatography, NF, SD

10 ml

Mononine Pooled human plasma Moab Ia, UF, sodium thiocynate 
incubation

10–20 ml

*Information obtained from package insert.
MoAb IA, monoclonal antibody immunoaffinity; Ie, ion exchange; SD, solvent detergent; NF, nanofiltration; UF, 
ultrafiltration.
Recombinant Factor IX: BeneFIX is currently the only available recombinant  
FIX concentrate in the US, and uses no human or animal protein for stabilization 
or production – i.e. it is a third-generation recombinant product (see Chapter 145) 
(Table 146.2).
Table 146.2 Recombinant Factor IX Product*

Product Host cell Pathogen 
attenuation

Stabilizer Reconstituted 
volume per vial

beneFIX CHO Moab Ia, UF Sucrose, amino 
acids

5–10 ml

*Information obtained from package insert.
ChO, Chinese hamster ovary; MoAb IA, monoclonal antibody immunoaffinity; Ie, ion exchange; SD, solvent detergent; 
UF, ultrafiltration.
735
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Prothrombin Complex Concentrates: In the past, prothrombin complex con-
centrates (PCCs) which contain varying amounts of FIX in addition to other factors 
(Factors II, VII and X) have been utilized as replacement products. As more highly 
purified FIX concentrates are now available, PCCs are not routinely used for this indi-
cation. While FIX concentrates are the preferred products, PCCs can be used under 
emergency situations when FIX concentrates are unavailable (see Chapter 143).

Indications, Dosing and Administration: Factor products are available as 
lyophilized powders that must be reconstituted with diluents provided with the pack-
aged factor prior to administration. It is important to handle the product with care, as 
extreme temperatures and agitation will diminish potency. Factor should be reconsti-
tuted immediately prior to dosing, to avoid loss of activity and minimize the risk of 
bacterial contamination. Upon reconstitution with the provided diluent, the product 
is delivered by slow intravenous push. In general, 1 unit/kg of infused plasma derived 
FIX will raise the plasma level by 1%. The half-life of infused product is on average 24 
hours, but varies between patients. recombinant FIX should be dosed at 1.4 units/kg 
for young children and 1.2 units/kg for adults to achieve a plasma rise of 1%. General 
suggested treatment guidelines are presented in Table 146.3, but should be individual-
ized on a case-by-case basis.
Table 146.3 Suggested Treatment Guidelines for Hemophilia bleeding episodes based 
upon the Guidelines from Hemophilia of Georgia

Bleed site Desired % activity Length of therapy

Central nervous system 100% 7–14 days then consider prophylactic 
therapy for a minimum of 6 months

Persistent oral/mucosal 30–60% 3–7 days

Retropharyngeal 80–100% 7–14 days

Persistent nasal 30–60% 1–3 days

Gastrointestinal 40–80% 3–7 days

Persistent gross urinary 40– 60% 1–3 days

Muscle 40– 80% every other day until pain-free 
movement

Iliopsoas 80–100% Until radiographic evidence of 
resolution

Joint 40–80% 1–2 days

Target joint 80% day 1 3–4 days

40% day 3
There are several important considerations when caring for a person with hemo-
philia. The first is that prevention of bleeding episodes should be a primary goal. The 
second involves treating bleeding episodes early and aggressively. Additionally, sup-
portive and adjunctive measures for each bleeding episode in the context of a multi-
disciplinary team approach should be strongly considered. FIX concentrates are 
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licensed for use as intermittent infusions. These products have been utilized in con-
tinuous infusion, either diluted in IV bags or undiluted in syringe pumps, with good 
results. The continuous infusion products should be reconstituted in a sterile environ-
ment and usually the container is changed every 12–24 hours; however, studies have 
found maintained activity for much longer periods of time.

Complications of FIX Therapy:

Inhibitor Development: A complication of treatment with FIX products is devel-
opment of inhibitory antibodies to the infused protein. In addition to limiting effi-
cacy due to inhibiting the activity of the infused FIX, patients with these antibodies 
may also manifest life-threatening anaphylaxis and or nephrotic syndrome when 
challenged with these products. The rate of antibody formation appears to be similar 
between recombinant and plasma derived products.

Infection: Although extensive efforts are taken to screen out infectious donors, 
purify products and treat them with pathogen inactivation, the potential for pathogen 
transmission is not zero. In addition, the effectiveness of current pathogen inactiva-
tion steps for removal of prions is not known; therefore transmission of spongiform 
encephalopathy is a theoretical risk.

Allergic Reactions: Trace contaminating proteins can induce allergic responses in 
hypersensitive individuals. These can be of human origin for human-plasma derived 
products. In addition, as the recombinant expression systems involve cultured cells of 
hamster origin; residual contaminating proteins have the potential to cause a reaction 
in patients hypersensitized to rodents.
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C H A p T e R  147
Recombinant Factor VIIa (rFVIIa; supplied as Novoseven in the US) is approved 
for use in patients with congenital hemophilia with inhibitor, acquired Factor VIII 
inhibitor and Factor VII (FVII) deficiency. In addition to its approved use, there is 
widespread use of rFVIIa for off-label indications, including trauma and surgery, and 
emergency reversal of warfarin, with variable success.

Although some clinical studies have demonstrated that rFVIIa reduces red blood 
cell transfusion requirements in some, but not all, surgical settings, improvements 
in more clinically relevant outcomes, such as reduced morbidity, mortality or length 
of hospital stay, have not been demonstrated. Moreover, there is a risk of inducing 
thrombosis. A recent review of 17 randomized clinical trials for off-label use of rFVIIa 
showed little evidence to support use of rFVIIa to treat massive bleeding; in addition, 
increased risk of thromboembolic events was suggested in patients with intracranial 
hemorrhage. In a phase III study, rFVIIa reduced hematoma growth, but did not 
improve survival or functional outcome. The off-label use and dosing of rFVIIa needs 
to be carefully evaluated on a case-by-case basis.

Manufacturing: rFVIIa is produced from the cloned human FVII gene that is 
expressed in baby hamster kidney (BHK) cells. The BHK cells produce the single-
chain form of FVII. After secretion into the media, it is autocatalyzed to its active 
form. The culture media containing rFVIIa is then purified using a chromatographic 
purification process. Although no human serum or proteins are used in production, 
there are trace proteins from BHK cells in the final product.

Pathophysiology: At doses used to replace FVIIa to physiological levels, rFVIIa 
functions by binding to tissue factor; however, when doses that lead to superphysi-
ological levels are used (e.g. treatment of hemophilia with inhibitors), rFVIIa also 
binds to the surface of activated platelets and can activate FX directly. Because rFVIIa 
directly activates X, with subsequent activation of thrombin and conversion of fibrin-
ogen to fibrin, pathways requiring FVIII are bypassed. This allows rFVIIa to circum-
vent inhibitors directed against intrinsic pathway factors. For this reason, platelets and 
coagulation factors distal to FX are required for efficacy in promoting hemostasis.

Storage and Stability: rFVIIa is supplied as a lyophilized powder in single-use 
vials. Current vial sizes are 1 mg, 2 mg and 5 mg. The new formulation, as of August 
2008, is stored at room temperature, and is reconstituted using the accompanying 
diluent (histidine diluent). After reconstitution, rFVIIa may be refrigerated or stored 
at room temperature for up to 3 hours.

Dosage: For a summary of dosage, see Table 147.1.
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Table 147.1 Recommended Dosing of rFVIIa

Clinical indication Dose

Congenital hemophilia with inhibitor 90–120 g/kg

acquired Factor VIII inhibitor 70–90 g/kg

Congenital Factor VII deficiency 15–30 g/kg
For treatment of congenital hemophilia with inhibitors, the recommended dose is 
90–120 g/kg infused over 2–5 minutes. Since the half-life is 2.3 hours in adults, and 
potentially shorter in children, repeat doses should be given every 2–3 hours, as needed.

Although 90–120 g/kg is the recommended dose, neither the minimally effective nor 
the maximum tolerated dose has been determined. In clinical trials, 35 g/kg and 70 g/
kg appeared to be equally effective for the treatment of hemarthrosis (61% effective); 
however, 90 g/kg was superior to 35 g/kg for management of perioperative hemos-
tasis. Subsequently, 90 g/kg given every 3 hours was tested for the home treatment of 
mild to moderate bleeds (joint, muscle and mucocutaneous bleeding) in patients with 
hemophilia and inhibitors, and was effective in 92% of subjects after a median of 2.2 
injections. In another clinical study, a single injection of 270 g/kg was compared with 
three injections of 90 g/kg and was found to have similar efficacy and safety.

Use of a continuous infusion of rFVIIa for perioperative management has also 
been investigated. In an open-label randomized study, 24 subjects received either 
90 g/kg every 2 hours for 5 days followed by every 4 hours for an additional 5 days, 
or 50 g/kg per hour by continuous infusion for 5 days followed by 25 g/kg per hour 
for an additional 5 days. Both groups received a 90-g/kg bolus prior to surgery. The 
hemostatic efficacy and safety of the two regimens was similar; however, the sample 
size is too small to conclude statistical equivalency.

For treatment of acquired FVIII inhibitors, lower doses (70–90 g/kg) are recom-
mended. This dosing range was determined from a compassionate use study and a 
registry supported by the Hemophilia and Thrombosis Research Society. The mean 
dose used was 90 g/kg (range: 31–197 g/kg). No dose response was seen when doses 
between 70 and 90 g/kg were used. Doses should be repeated every 2–3 hours until 
hemostasis is achieved.

When treating FVII deficiency, the goal of treatment is to replace the missing clot-
ting factor rather than bypass the tenase complex; therefore, lower doses (15–30 g/kg) 
are effective.

No laboratory monitoring has been demonstrated to correlate with efficacy. The 
dosing interval and number of doses used should be based on the clinical assessment 
of hemostasis. In the setting of severe bleeding, or postoperatively, treatment should 
continue past the point that hemostasis has been achieved in order to assure mainte-
nance of hemostasis.

Adverse Reactions/Precautions: rFVIIa represents a risk of allergic reactions in 
persons with known hypersensitivity to mouse, hamster or bovine proteins, as such 
proteins are introduced at trace levels during recombinant expression. Since rFVIIa 
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will bind to tissue factor and initiate coagulation, it should be avoided in clinical situ-
ations in which tissue factor expression is increased, such as DIC, sepsis and crush 
injury.

Thrombosis is rare in patients with congenital hemophilia with inhibitor who 
receive rFVIIa ( 1%). Thrombotic complications have not been documented in case 
reports of rFVIIa used in congenital FVII deficiency.

Arterial and venous thromboembolic events have been reported in association 
with rFVIIa use in acquired Factor VIII inhibitors. Of 139 patients with acquired 
FVIII inhibitors who were treated with rFVIIa for 204 bleeding episodes, 10 patients 
had 12 thrombotic events. The increased rate of thromboembolic events in those with 
acquired FVIII inhibitors is most likely secondary to underlying vascular disease in 
an elderly population. Therefore, patients should be monitored for thromboembolic 
complications when using rFVIIa, particularly the elderly and those with other risk 
factors for thromboembolism (e.g. surgery, trauma, etc.). Furthermore, the majority 
of adverse events reported to the FDA occurred in those receiving rFVIIa for off-label 
indications.
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Antithrombin III (antithrombin [AT]) is the major inhibitor of thrombin and 
Factor Xa, and therefore plays a critical role in regulation of the coagulation system. 
AT products are predominately administered to patients with hereditary AT deficiency 
for prophylaxis or treatment of thromboembolic complications. In addition, the use 
of AT has been investigated in patients with heparin resistance scheduled to undergo 
cardiac surgery necessitating cardiopulmonary bypass, and in patients with dissemi-
nated intravascular coagulopathy (DIC).

Description: AT is a plasma-derived, single-chain glycoprotein with a molecular 
weight of 58 kDa. It is a serine protease inhibitor (serpin), sharing about 30% homol-
ogy in amino acid sequence with other serpins. AT has potent anticoagulant activity, 
which is significantly enhanced by heparin and vessel-wall associated glycosaminogly-
cans (GAGs). AT inhibits the activity of several activated clotting factors, predominantly 
thrombin and Factor Xa, but also others including Factors IXa and XIa. The presence of 
heparin dramatically increases factor inhibition by AT. The normal antithrombin activity 
level in adults is 80–120% (0.8–1.2 IU/ml), and in neonates is 40–60% (0.4–0.6 IU/ml).

Indications:

Hereditary AT Deficiency: Inherited AT deficiency is an autosomal dominant dis-
order with AT levels of 40–50% and a prevalence of 1 in 2000 adults. Approximately 
50% of individuals with AT deficiency will have a thrombotic event. The diagnosis of 
hereditary AT deficiency is based on a clear family history of venous thrombosis as 
well as decreased plasma AT levels, and exclusion of acquired deficiency. Conventional 
treatment with heparin of acute venous thromboembolism (VTE) in patients with AT 
deficiency may be effective; however, if an additional thrombogenic factor, such as preg-
nancy, coexists there may be a variable response to heparin, and symptoms may progress 
despite adequate heparin treatment. In such situations, additional support with AT con-
centrate may be necessary. In addition, AT concentrates have been used in the periop-
erative period for surgical prophylaxis in patients with a known AT deficiency.

Acquired AT Deficiency: Acquired AT deficiency occurs more frequently than 
congenital deficiency. In the neonatal period, AT levels are reduced in premature 
infants, and in neonates with respiratory distress necrotizing enterocolitis, sepsis 
and DIC. Outside the neonatal period, acquired AT deficiency occurs in DIC, liver 
disease (decreased synthesis), nephrotic syndrome (increased urinary excretion), 
and with medications such as oral contraceptive and hormone replacement therapy, 
heparin and L-asparaginase. AT levels are not reduced during normal pregnancy, 
however, levels may be reduced in pre-eclampsia, eclampsia, and pregnancy-induced 
hypertension.
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The use of AT in situations not associated with congenital deficiency is non-FDA 
approved, and is at the discretion of the prescribing physician. Currently, debate 
continues about the use of AT concentrates in patients with acquired AT deficiency. 
Debate is also ongoing regarding the use of AT in DIC (see below), sepsis, and those 
with relative heparin resistance during surgery and extracorporeal circulation. AT 
is not FDA approved for pediatric use but is used off-label, and has been utilized in 
pediatric patients such as in the setting of sepsis and DIC, in neonates with respiratory 
distress syndrome and in neonates with necrotizing entercolitis, with mixed results.

Disseminated Intravascular Coagulopathy: AT can be decreased in patients 
with DIC, where low AT levels are associated with a poor prognosis. Due to this 
association, AT replacement has been studied for the treatment of DIC. In the first 
clinical study, 51 randomized patients with shock and DIC were infused with either 
AT, heparin, or both AT and heparin. AT treatment was associated with significantly 
shorter duration of symptoms and more rapid normalization of coagulation parame-
ters. In patients given AT and heparin, the addition of heparin showed no advantages, 
and resulted in increased bleeding but not increased mortality. Meta-analyses of sev-
eral smaller randomized clinical trials with AT suggested significant reduction in mor-
tality from severe DIC. It should be noted that the efficacy of AT in terms of reduced 
all-cause 28-day mortality has not been proven. Lacking a clear result regarding mor-
tality, the documented improvement of DIC parameters and organ dysfunction, and 
of the reduction in length of stay, may justify the treatment with AT; however, current 
available evidence is not suited to sufficiently inform clinical practice.

Heparin Resistance: heparin resistance is defined as requiring larger than typical 
doses of heparin to achieve a therapeutic dose based on laboratory monitoring, such 
as pTT or anti-Xa. heparin resistance can be secondary to increased FVIII or fibrino-
gen levels, increased binding to plasma proteins, increased plasma clearance, decreased 
AT levels, aprotinin or nitroglycerin. heparin resistance may occur in approximately 
20% of patients undergoing cardiopulmonary bypass, and is associated with acquired 
AT deficiency. Therapeutic options include fresh frozen plasma (FFp) transfusion and 
AT infusion. Both have demonstrated efficacy in the treatment of heparin resistance; 
currently, no clinical trial has demonstrated a benefit of one versus another.

Dosing/Administration and Stability: AT concentrate is a plasma derived, ster-
ile, non-pyrogenic, stable, lyophylized preparation of purified human AT. A recom-
binant form of AT is being developed and has been used in clinical trials of heparin 
resistance and hereditary AT deficiency, but is currently not FDA approved.

AT concentrate is supplied in 500 and 1000 IU vials. The potency assignment has 
been determined with a standard calibrated against a World health Organization AT 
reference preparation. Dosage should be determined on an individual basis, based 
on the pre-therapy plasma AT level, in order to increase plasma AT levels to the level 
found in normal human plasma (100%). Dosage of AT can be calculated from the fol-
lowing formula:

 
Units required

[Desired Baseline AT level] Weight (kg)


 

1 4.  
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The above formula is based on an expected incremental in vivo recovery above 
baseline levels for AT of 1.4% per IU/kg administered. Thus, if a 70-kg individual has 
a baseline AT level of 57%, in order to increase plasma AT to 120%, the initial AT dose 
would be [(120  57)  70]/1.4  3150 IU total. A more practical dosing guideline 
is that 1 unit/kg will produce a rise of approximately 2%, with a half-life of approxi-
mately 60 hours.

Due to variability in AT recovery, initially levels should be drawn at baseline and 
20 minutes post-infusion. Subsequent doses can be calculated based on the recovery 
of the first dose. It is recommended that, following an initial dose of AT, plasma levels 
of AT be initially monitored at least every 12 hours and before the next infusion of 
antithrombin to maintain plasma AT levels greater than 80%. In some situations – e.g. 
following surgery, hemorrhage or acute thrombosis, and during intravenous heparin 
administration – the half-life of AT has been reported to be shortened. In such con-
ditions, plasma AT levels should be monitored more frequently, and antithrombin 
administered as necessary.

When an infusion of AT is indicated for a patient with hereditary deficiency to con-
trol an acute thrombotic episode or prevent thrombosis following surgical or obstetri-
cal procedures, it is desirable to raise the AT level to normal and maintain this level 
for 2–8 days, depending on the indication for treatment, type and extent of surgery, 
patient’s medical condition, past history and physician’s judgment. Concomitant 
administration of heparin in each of these situations should be based on the medical 
judgment of the physician.

AT should be stored refrigerated (2–8°C). Freezing should be avoided, as breakage 
of the diluent bottle might occur. reconstitution of the vial is with a suitable volume 
of Sterile Water for Injection, USp; usually a sterile double-ended transfer needle; and 
a sterile filter needle are provided with each vial. The rate of administration should 
be adapted to the response of the individual patient, but administration of the entire 
dose in 10–20 minutes is generally well tolerated.

Adverse Reactions/Precautions: It is important to note that the anticoagulant 
effect of heparin is enhanced by concurrent treatment with AT in patients with hered-
itary AT deficiency. Thus, in order to avoid bleeding, a reduced dosage of heparin is 
recommended during treatment with AT in this population.

In clinical studies involving AT, adverse reactions were reported in association with 
17 of the 340 infusions during the clinical studies. Such reactions included dizziness, 
chest tightness, nausea, a foul taste in mouth, chills, cramps, shortness of breath, chest 
pain, film over eye, light-headedness, bowel fullness, hives, fever, and bleeding and 
hematoma formation. If adverse reactions are experienced the infusion rate should be 
decreased or, if indicated, interrupted until symptoms abate. reinitiating infusion is at 
the discretion of the clinician.
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Protein C is a natural anticoagulant. Upon activation, and in complex with its 
cofactor (protein S), activated protein C (APC) exerts its effect predominantly by 
inhibiting Factors Va and VIIIa (see Chapter 78). APC has also been shown to have 
profibrinolytic effects. Moreover, APC is now appreciated to have additional regu-
latory effects outside of the context of coagulation; in particular, APC also inhib-
its tumor necrosis factor production by monocytes, blocks leukocyte adhesion to 
selectins, and limits thrombin-induced microvascular damage.

Patients can have decreased protein C through genetic protein C deficiency, but in 
adults low protein C is more commonly an acquired state. Protein C is synthesized by 
the liver in a vitamin K dependent fashion. Thus, liver failure, vitamin K deficiency or 
administration of warfarin can all lead to low protein C levels. Finally, protein C can 
be depleted through consumptive coagulopathy.

Protein C replacement is a mainstay of treatment in congenital deficiency. In 
acquired deficiency, because protein C works in balance with multiple other coagula-
tion parameters, the choice to replace protein C in a deficient patient must always be 
made in the context of the overall clinical picture.

There are currently two protein C products available: Ceprotin (used for replacement 
of protein C), and Xigris (used predominantly for treatment of sepsis). Ceprotin, a pro-
tein C concentrate (Human), is manufactured from human plasma and purified by a 
combination of filtration and chromatographic procedures, including a column of immo-
bilized mouse monoclonal antibodies on gel beads. The manufacturing process includes 
steps designed to reduce the risk of viral transmission, including extensive donor screen-
ing and pathogen-inactivation steps (Polysorbate 80 [P80] treatment and vapor heating). 
Xigris (Drotrecogin alfa [activated]) is a recombinant form of human activated protein C 
(APC) that is manufactured as an inactive zymogen and is then enzymatically activated 
by cleavage with thrombin, followed by purification using monoclonal antibodies.

Indications:

Ceprotin: Ceprotin is indicated as a replacement therapy for patients with severe 
congenital protein C deficiency, and for the prevention and treatment of venous 
thrombosis and purpura fulminans secondary to protein C deficiency. Ceprotin is 
approved for use in both pediatric and adult patients.

Xigris: Xigris is approved by the FDA for use in severe sepsis, based on the finding 
that it decreases mortality and the development of DIC in high-risk patients (defined 
by APACHE II scores   25) by about 20%. Thus, clinical use of Xigris focuses on the 
non-coagulation based anti-inflammatory properties of APC. When used in sepsis, 
the clinician must always balance potential efficacy with risk of inducing hemorrhage. 
Use of Xigris may not be beneficial, and may be contraindicated in patients who do 
747



748� Michael�A.�Briones,�DO
not meet APACHE II criteria, due to the risk of bleeding. Xigris is only approved for 
acquired deficiency in the presence of severe sepsis, and it is not approved for pediat-
ric use. However, there are several documented instances of successful use in treating 
familial protein C deficiency.

Dosage and Administration:

Ceprotin: Ceprotin for acute episode/short-term prophylaxis is given with an initial 
dose of 100–120 IU/kg, followed with subsequent dosing of 60–80 IU/kg every 6 hours 
and maintenance dosing of 45–60 IU/kg every 6 or 12 hours.

Because packaging requirements and administration guidelines can be changed, 
dosing and administration should always be confirmed using the product insert pro-
vided by the manufacturer.

Xigris: Xigris should be administered intravenously at a continuous infusion rate of 
24 g/kg per hour (based on actual body weight at start of infusion), for a total dura-
tion of infusion of 96 hours. The dose should not be adjusted during the infusion for 
changes in actual body weight. Each IV administration should be completed within 12 
hours after the solution has been prepared. If the infusion is interrupted, Xigris should 
be restarted at the initial infusion rate and continued to finish the rest of the over-
all recommended duration of infusion. Should clinically significant bleeding occur, 
Xigris infusion should be stopped immediately. No dosage adjustment is required for 
age, hepatic impairment or renal impairment.

Because packaging requirements and administration guidelines can be changed, 
dosing and administration should always be confirmed using the product insert pro-
vided by the manufacturer.

Storage and Stability:

Ceprotin: Ceprotin is available in single-dose vials that contain nominally 500 (blue 
color bar) or 1000 (green color bar) International Units (IU) of human protein C. The 
500 and 1000 IU vials are reconstituted with 5 ml and 10 ml of sterile water, respectively. 
This results in human protein C at a concentration of 100 IU/ml.

Ceprotin, packaged for sale, is stable for 3 years when stored refrigerated at 2–8°C. 
The product should not be frozen, so as to avoid damage to the diluent vial, and 
should be stored in the original carton and protected from light. The solution should 
be used within 3 hours. As with all products, Ceprotin should not be used after the 
expiration date on the vial.

Xigris: Xigris is available in 5 mg and 20 mg single-use vials. Xigris should be stored 
in a refrigerator at 2–8°C, in its original carton. Freezing and exposure to light should 
be avoided. As with all products, Xigris should not be used after the expiration date on 
the vial.

Adverse Reactions:

Ceprotin: The most serious and common adverse reactions observed related to 
Ceprotin treatment are hypersensitivity or allergic reactions (itching and rash) and 
lightheadedness.
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Xigris: Bleeding is the most common adverse reaction associated with Xigris.

Recommended Reading
Bernard Gr, Vincent J-L, Laterre P-F et al. (2001). Efficacy and safety of recombinant 

human activated protein C for severe sepsis. N Engl J Med 344, 699–709.
De Backer D. (2007). Benefit-risk assessment of Drotrecogin Alfa (activated) in the 

treatment of sepsis. Drug Safety 30, 995–1010.
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Bovine spongiform encephalopathy (BSE), 371
Brain natriuretic peptide (BNP), transfusion-

associated cardiovascular overload 
diagnosis, 327

BSE, see Bovine spongiform encephalopathy
BT, see Bleeding time
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C
CAD, see Cold agglutinin disease
Cancer-associated bleeding

clinical manifestations, 585–586
diagnosis, 586
management, 587

CAP, see College of American Pathologists
CAPS, see Catastrophic antiphospholipid syndrome
Cardiolipin, anticardiolipin antibodies, 702
Cardiopulmonary bypass (CPB), bleeding

clinical manifestations, 578
diagnosis, 578–579
management, 579–580
pathophysiology, 577

Catastrophic antiphospholipid syndrome (CAPS), 
plasmapheresis, 386

CCI, see Corrected count increment
Ceprotin

adverse reactions, 748
dosing and administration, 748
indications, 747
storage and stability, 748

CFR, see Code of Federal Regulations
CGD, see Chronic granulomatous disease
cGMP, see Current good manufacturing practices
Chagas’ disease, see Trypanosoma cruzi
Chediak-Higashi syndrome, 470
Chemotherapy

cancer-associated bleeding, 586
transfusion-associated graft-versus-host 

disease risks, 350
Chido/Rogers blood group, 145
Chronic granulomatous disease (CGD), 

granulocyte transfusion indication, 180
Chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP)
intravenous immune globulin therapy, 196
plasmapheresis, 387

CIDP, see Chronic inflammatory demyelinating 
polyradiculoneuropathy 

Cirrhosis, spontaneous bacterial peritonitis and 
albumin transfusion, 186

Citrate
therapeutic apheresis anticoagulation, 380
toxicity, 380, 396

Citrate-phosphate-dextrose (CPD), 46, 152
Citrate-phosphate-dextrose-adenine (CPDA-1), 

46, 152
Citrate-phosphate-dextrose-dextrose (CP2D), 46
CMV, see Cytomegalovirus
Coagulation factors, see specific Factors
Coagulation, see also Fibrinolysis

cascade, 607
disorders, see specific components and 

diseases

platelet role, 436
testing, see also specific tests

cellular biology, 603–604
clotting factor function, see specific Factors
overview, 443–444, 601–602
patient care integration, 604–605
proteins

activity, 602–603
quantification, 603
sequencing of genes, 603

therapeutic intervention monitoring, 604
thrombin formation, 436–437

Code of Federal Regulations (CFR)
blood industry regulation, 6–7
current good manufacturing practices, 7

Cohn fractionation
historical perspective, 10
plasma, 193

Cold agglutinin disease (CAD)
blood bank and transfusion management, 

255–256
diagnosis, 254–255
pathogenesis, 255
plasmapheresis, 386
treatment, 255

College of American Pathologists (CAP), blood 
industry oversight, 8

Colon blood group, 145
Compatibility testing, see Pretransfusion 

compatibility testing
Compliance, versus quality, 13
Congenital amegakaryocytic thrombocytopenia, 

448–449
Congenital thrombocytopenia, see also specific 

diseases
clinical features, 445–446
differential diagnosis, 445
heredity modes, 447
large platelet diseases, 449–450
management, 445
normal platelet size diseases, 447–449
small platelet diseases, 445

Continuous quality improvement, 17
Controlled hypotension, perioperative blood 

management, 300
Cordiocentesis, see Percutaneous umbilical blood 

sampling
Coronary artery bypass grafting, heparin-induced 

thrombocytopenia patients, 497
Corrected count increment (CCI), calculation, 

284
Cost blood group collection, 148
Coulter counter, 611
CP2D, see Citrate-phosphate-dextrose-dextrose
CPB, see Cardiopulmonary bypass
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CPD, see Citrate-phosphate-dextrose
CPDA-1, see Citrate-phosphate-dextrose-adenine
Creutzfeldt-Jakob disease, 371
Cromer blood group, 145, 147
Crossmatching

antibody identification, 110
pretransfusion compatibility testing, 99

Cryoglobulinemia, plasmapheresis, 387
Cryoprecipitate

ABO group compatibility, 98
adverse events, 178
description, 175
dose, 178
indications, 48
indications, 175–177
international standards, 178
neonate and child transfusion, 238
preparation and administration, 177
processing and storage, 177
product names, 175
quality assurance, 177–178

Cryoprecipitate-reduced plasma, 48, 162
CTCL, see Cutaneous T-cell lymphoma
Current good manufacturing practices (cGMP), 

7, 13
Cutaneous T-cell lymphoma (CTCL), 

extracorporeal photophoresis therapy, 
408

Cyclophosphamide, Factor VIII inhibitor 
management, 597

CYP2C9, polymorphisms and warfarin 
metabolism, 715–716

Cytomegalovirus (CMV)
blood screening requirements, 57
consequences of infection, 219, 367
diagnosis, 367
human immunodeficiency virus and 

transfusion transmission, 277–278
leukoreduction in prevention, 216, 219
safe products

adverse events, 221
indications, 219–220
international differences, 221–222
processing and storage

leukoreduction products, 220–221
seronegative products, 220

quality assurance, 221
transfusion risks, 367

D
D antigen, see Rh blood group
DAT, see Direct antiglobulin test
DDAVP, see Desmopressin
Deferasirox, iron overload management, 360

Delayed hemolytic transfusion reaction (DHTR)
clinical manifestations, 323
diagnosis, 323–324
differential diagnosis, 324
hyperhemolytic transfusion reaction, 325–326
incidence, 323
management, 324–325
pathophysiology, 323
prevention, 325
timeline, 324–325

Delayed serologic transfusion reaction (DSTR), 
323

Dermatomyositis, intravenous immune globulin 
therapy, 196

Desmopressin (DDAVP)
adverse effects, 296
cardiopulmonary bypass bleeding 

management, 579
dose, 295
Factor VIII inhibitor management, 596
hemophilia A management, 529
liver disease bleeding disorder management, 

568
mechanism of action, 295
renal disease bleeding management, 583
von Willebrand disease management, 524–525
von Willebrand disease management and 

monitoring, 655–656
Dextrans, plasma expansion, 189–190
DHTR, see Delayed hemolytic transfusion 

reaction
DIC, see Disseminated intravascular coagulopathy
Diego blood group, 147
DiGeorge syndrome, thrombocytopenia, 464
Dilutional coagulopthy, plasmapheresis, 395–396
Dimethylsulfoxide (DMSO), hematopoietic 

progenitor cell cryoprotection, 225
Diphenhydramine, allergic reaction management 

and risks, 313
Direct antiglobulin test (DAT)

evaluation, 113–114
false-negatives, 114
indications, 112
phenotyping of red blood cells, 106
positive test

causes, 112
clinical significance, 114
false-positives, 114
frequency, 111

principles, 111
specimen requirements, 113
technique, 113

Direct Coombs test, see Direct antiglobulin test
Directed blood donation, 37–38

autologous donation, 38–39
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criteria for allogeneic and autologous donors, 
39

Disseminated intravascular coagulopathy (DIC)
antithrombin therapy, 744
cancer-associated bleeding, 586
clinical manifestations, 589
diagnosis, 589–590
differential diagnosis, 591
infections, 562–563
laboratory assessment

bleeding patient monitoring, 708
compensated disease, 709
diagnosis, 707–708
early disease with sepsis and hypoxia, 709
excessive fibrinolysis, 709
thrombotic patient monitoring, 708–709

laboratory diagnosis of acquired platelet 
function defects, 629

liver disease, 566
management, 591–593
pathophysiology, 589
plasma transfusion indications, 165
pregnancy management, 558

DIT, see Drug-induced thrombocytopenia
Diversion pouch, bacterial contamination 

reduction, 84
DLI, see Donor lymphocyte infusion
DMSO, see Dimethylsulfoxide
Documents and records, quality system 

essentials, 15
Dombrock blood group, 147
Donor lymphocyte infusion (DLI)

adverse events, 425
collection, 425
dosing, 425
indications, 424–425

Donors, see Blood donors
Drug-induced hemolytic anemia

autoantibody induction, 258
mechanisms, 256–257
non-immunologic protein adsorption, 258

Drug-induced thrombocytopenia (DIT)
clinical manifestations, 489
diagnosis, 489
differential diagnosis, 489–490
drug types, 487
management, 490
pathology, 488–489

DSTR, see Delayed serologic transfusion reaction
D type

blood component selection, 99
platelet products, 172
pretransfusion compatibility testing, 97

Duffy blood group
antibodies, 136

antigens
expression, 136
types, 135–136

Duffy protein structure, 135
phenotype prevalences, 136

Dysibrinogenemia, see Fibrinogen

E
EACA, see -Aminocaproic acid
EBV, see Epstein-Barr virus
ECP, see Extracorporeal photophoresis
Ehlers-Danlos syndrome, 562
Electron microscopy, platelet genetic disorder 

analysis, 623
ELISA, see Enzyme-linked immunosorbent assay
ELT, see Euglobulin lysis time
Endothelial cell, 433–434
Enzyme-linked immunosorbent assay (ELISA), 

platelet antibody testing, 632–633
Epstein-Barr virus (EBV)

blood screening requirements, 57
clinical features, 367–368
human immunodeficiency virus and 

transfusion transmission, 277
leukoreduction in prevention, 216

Equipment, quality system essentials, 14–15
Er blood group collection, 149
Erythrocytosis, therapeutic erythrocytapheresis, 

400
Erythropoietin

adverse events, 294
indications, 294
reversal, 294

Euglobulin lysis time (ELT), fibrinolysis assay, 673
Extracorporeal membrane oxygenation, platelet 

function defects, 629
Extracorporeal photophoresis (ECP)

adverse effects, 410
indications, 407–409
pathophysiology, 407
techniques, 407

F
Facilities and safety, quality system essentials, 16
Factor II, see Prothrombin
Factor V

activity assay, 658–659
antibodies after fibrin glue usage, 580
coagulation role, 551
deficiency

diagnosis, 552
differential diagnosis, 552–553
genetics, 551–552
pathophysiology, 551–552
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Factor V (Continued)
inhibitors

assays, 664
types, 599

mutations, 689–690
Factor V Leiden

mutation, 689
testing

error sources, 691–692
interpretation, 691
techniques, 691

Factor VII
activity assay, 658–659
antibody neutralization, 530–531
concentrates

complications, 740–741
dosing and administration, 739–740
indications, 739
manufacturing, 739
pathophysiology, 739
storage and stability, 739

deficiency
liver disease, 565
pregnancy management, 557

hemophilia A management, 528–529
inhibitor assays, 664
replacement therapy guidelines, 529

Factor VIIa
adverse effects, 297
dosing, 296
perioperative blood management, 296–297

Factor VIII
activity assay, 658–659
antigen assay, 658–659
autoantibodies and cancer-associated bleeding, 

586
coagulation role, 541
concentrates

complications, 732–733
dosing, 731–732
indications, 731
processing and storage, 731–732
products, 729–731
von Willebrand factor concentrates, see von 

Willebrand factor
deficiency

clinical manifestations, 543
diagnosis, 543
differential diagnosis, 543
genetics, 542
management, 543–544
pathophysiology, 541

hypercoaguable state, 678, 705–706
inhibitors

assays, 663–664

clinical manifestations, 595–596
management, 596–597
pathophysiology, 595

pregnancy
acquired inhibitors, 557
deficiency management, 557

von Willebrand disease diagnosis
coagulant activity assay, 650
von Willebrand factor-binding assay, 651

Factor IX
activity assay, 658–659
antigen assay, 658–659
complications of therapy, 534–535, 737
concentrates

dosing and administration, 736–737
indications, 736
products, 735–736

hemophilia B management, 534
inhibitor assays, 669

Factor X
activity assay, 658–659
coagulation role, 551
deficiency

diagnosis, 552
differential diagnosis, 552–553
genetics, 551–552
pathophysiology, 551–552

inhibitor assays, 664
Factor Xa

chromogenic anti Xa activity assay and 
heparin monitoring, 712–713

inhibitors, 294
Factor XI deficiency

activity assay, 658–659
clinical manifestations, 546
diagnosis, 546
differential diagnosis, 546
genetics, 545–546
inhibitor assays, 664
management, 547
pathophysiology, 545–546
pregnancy management, 556

Factor XII deficiency
activity assay, 658–659
diagnosis, 549
differential diagnosis, 549–550
management, 550
pathophysiology, 549

Factor XIII deficiency
activity assay, 658–659
cryoprecipitate indication, 176–178
inhibitor assays, 664

Familial hypercholesterolemia
low-density lipoprotein pheresis, 411
plasmapheresis, 387–388
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FDA, see Food and Drug Administration
Febrile non-hemolytic transfusion reaction 

(FNHTR)
definition, 309
diagnosis and evaluation, 309–310
incidence, 309
leukoreduction, 215–216
management, 310
pathophysiology, 310
prevention, 310
volume-reduced platelets in prevention, 233

Fetomaternal hemorrhage (FMH), testing, 243
FFP, see Fresh frozen plasma
Fibrin degradation products

assay, 674
bleeding monitoring in disseminated 

intravascular coagulopathy patients, 708
Fibrin sealant, 176, 297, 580
Fibrinogen, see also Fibrinolysis

coagulation role, 538
congenital disorders

clinical manifestations, 538–539
diagnosis, 539
differential diagnosis, 539
genetics, 538
management, 539
pathophysiology, 537–538

laboratory diagnosis of dysfibrinogenemia and 
afibrinogenemia

afibrinogenemia, 668
assays, 668
dysfibrinogenemia, 668
error sources, 669
genetic testing, 669
hypofibrinogenemia, 668

liver disease and abnormalities, 566–567
pregnancy deficiency management, 557
structure, 537, 667–668

Fibrinolysis
disseminated intravascular coagulopathy, 709
laboratory testing
2-antiplasmin, 673
error sources, 674–675
euglobulin lysis time, 673
fibrin degradation products, 674
fibrinogen assay, 674
plasminogen activator inhibitor-1, 674
thrombin-activatable fibrinolysis inhibitor, 

674
tissue plasminogen activator, 674

pathway, 671–673
Filtration leukoreduction, 217
Flow cytometry

coagulation assays, 604
fetomaternal hemorrhage testing, 243

platelet antibody testing, 631–632
platelet counting, 611

Fludarabine, transfusion-associated graft-versus-
host disease risks, 349

FMH, see Fetomaternal hemorrhage
FNHTR, see Febrile non-hemolytic transfusion 

reaction
Focal segmental glomerulosclerosis (FSGS), 

plasmapheresis, 388
Food and Drug Administration (FDA)

blood industry regulation, 6–7
enforcement, 171
infectious agent testing approach, 55–56
quality oversight, 13–14

Fresh frozen plasma (FFP), administration, 161
FSGS, see Focal segmental glomerulosclerosis
Fulminant hepatic failure, plasmapheresis, 385

G
GATA-1-related thrombocytopenia, 450
Gel test, pretransfusion compatibility testing, 96
Gelatins, plasma expansion, 190
Genotyping

ABO typing, 121–122
antibody identification, 108
RH genotyping, 126

Gerbich blood group, 147
Gestational thrombocytopenia, 557–558
Giant cavernous hemangioma, 561–562
Glanzmann thrombasthenia

diagnosis, 467–468
laboratory testing, 625
management, 468
pathophysiology, 467

GLOB blood group, 143
Glycerol, red blood cell cryopreservation, 223
Glycophorins, MNS blood group antigens, 

133–134
Goodpasture’s syndrome, plasmapheresis, 386
Graft-versus-host disease (GVHD), see also 

Transfusion-associated graft-versus-
host disease

extracorporeal photophoresis therapy, 408–409
pathophysiology, 345–346

Granulocyte
ABO group compatibility, 98
apheresis collection adverse reactions, 44
collection, 181
hematopoietic progenitor cell transplantation 

patient transfusion, 271–272
neonate and child transfusion, 238–239
products

administration, 182
component manufacturing, 50
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Granulocyte (Continued)
description, 179
dose, 182
indications, 179–181
international issues, 182
patient selection, 181
processing and storage, 181
quality assurance, 182

Gray platelet syndrome, 470
Guillain-Barré syndrome

intravenous immune globulin therapy, 196
plasmapheresis, 385

GVHD, see Graft-versus-host disease

H
H blood group

antigen, 115–116
Bombay phenotype, 118

HBOCs, see Hemoglobin-based oxygen carriers
HBV, see Hepatitis B virus
HCV, see Hepatitis C virus
HDFN, see Hemolytic disease of the fetus and 

newborn
Heart transplant, see Organ transplantation
HELLP syndrome, pregnancy management, 558
Hematopoietic progenitor cell (HPC) 

transplantation
ABO incompatibility and plasmapheresis,  

384
adverse events, 423–424
anti-A and anti-B titers, 119
cell source and recipient conditioning, 269
cryopreservation

dimethylsulfoxide as cryoprotectant, 225
thawing, 225

donor lymphocyte infusion, 424–425
dose, 424
harvesting

apheresis, 418–419
cord blood, 420
marrow, 419–420

indications, 418
preparation and infusion, 423
processing

ABO-incompatible products, 420–422
CD34 selection, 422
T-cell reduction, 422
tumor cell purging, 422

products
apheresis, 417
cord blood, 418
marrow, 417

quality assurance, 424
storage, 423

transfusion of patients
granulocytes, 271–272
plasma, 271
platelets, 270–271
red blood cells, 269–270

transfusion-associated graft-versus-host 
disease, 346, 349

volume reduction, 233
Hemoglobin-based oxygen carriers (HBOCs), 

blood substitutes, 159
Hemolytic disease of the fetus and newborn 

(HDFN)
intravenous immune globulin therapy, 196
management, 247–248
pathophysiology, 241–242

Hemolytic transfusion reactions, see Acute 
hemolytic transfusion reaction; 
Delayed hemolytic transfusion reaction

Hemolytic uremic syndrome (HUS)
clinical manifestations, 505
diagnosis, 505
differential diagnosis, 505–506
forms, 503
management and prognosis, 506
pathophysiology

atypical disease, 504–505
diarrhea-associated disease, 504

plasmapheresis, 388
Hemophilia A

clinical manifestations, 527–528
complications, 530–531
diagnosis, 528
differential diagnosis, 528
management, 528–530
pathophysiology, 527
pregnancy management in carriers, 556

Hemophilia B
clinical manifestations, 533
complications, 534–536
diagnosis, 528, 534
differential diagnosis, 534
management, 534
pathophysiology, 533
pregnancy management in carriers, 556

Hemophilia C, see Factor XI deficiency
Henoch-Schönlein purpura (HSP), 563
Heparin

disseminated intravascular coagulopathy 
management, 593

mixing study contamination, 662
monitoring

activated partial thromboplastin time, 
711–713

chromogenic anti Xa activity assay, 
712–713
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resistance
monitoring, 713
treatment, 744

reversal, 293–294, 579
therapeutic apheresis anticoagulation, 380

Heparin-induced platelet activation assay (HIPA), 
642

Heparin-induced thrombocytopenia (HIT)
clinical manifestations, 491–492
diagnosis, 492–494
laboratory diagnosis

antibody detection, 639
antigen assays, 639–641
platelet function assays, 641–642

management, 494, 496–497
pathophysiology, 491

Hepatitis A, transfusion transmission, 362–363
Hepatitis B virus (HBV)

acute infection, 363
blood screening

core antigen, 68–69
international considerations, 69–70
nucleic acid testing, 69
requirements, 57, 67
surface antigen, 67–68
window period, 57–58

chronic infection, 363
features, 363
transfusion risks, 67, 363–364

Hepatitis C virus (HCV)
acute infection, 364
blood screening

antibody testing, 71–72
historical perspective, 11
international standards, 72
nucleic acid testing, 72
requirements, 57, 71

chronic infection, 364
features, 364
transfusion risks, 71, 364

Hepatitis D, transfusion transmission, 364
Hepatitis E, transfusion transmission, 364
Hepatitis G, transfusion transmission, 364
Hereditary hemochromatosis, therapeutic 

phlebotomy, 415
Hereditary hemorrhagic telangiectasia (HHT), 561
Hermansky-Pudlak syndrome, 469–470
HES, see Hydroxyethylene starch
HHT, see Hereditary hemorrhagic telangiectasia
HHTR, see Hyperhemolytic transfusion reaction
HHVs, see Human herpesviruses
HIPA, see Heparin-induced platelet activation 

assay
HIT, see Heparin-induced thrombocytopenia
HIV, see Human immunodeficiency virus

HLA, see Human leukocyte antigen
Hodgkin’s disease, transfusion-associated graft-

versus-host disease risks, 349
Homocysteine, see Hyperhomocysteinemia
HPA antibodies, detection in platelet 

refractoriness, 285
HPC transplantation, see Hematopoietic 

progenitor cell transplantation
HSP, see Henoch-Schönlein purpura
HTLV, see Human T-cell lymphotropic virus
Human herpesviruses (HHVs)

HHV-8, 278, 368
human immunodeficiency virus and 

transfusion transmission, 277–278
leukoreduction in prevention, 216

Human immunodeficiency virus (HIV)
anemia pathophysiology, 275
blood screening

approach, 64–65
historical perspective, 10–11, 61–62
international considerations, 65
nucleic acid testing, 63–64
p24 antigen, 62–63
requirements, 57, 64

clinical manifestations, 365–366
donor deferral, 62
features, 61
opportunistic infection, 277–278
thrombocytopenia pathophysiology, 275–276
transfusion-associated graft-versus-host 

disease risks, 350
transfusion of infected patients

adverse effects, 277–278
platelets, 277
red blood cells, 276–277

transfusion risks, 366
transmission, 61
types, 61–62, 365

Human leukocyte antigen (HLA)
alloimmunization and leukoreduction, 216
antibody detection, 285
desensitization and plasmapheresis, 393
polymorphisms and transfusion-associated 

graft-versus-host disease risks, 351
Human T-cell lymphotropic virus (HTLV)

blood screening
approaches, 79–80
international considerations, 80
requirements, 57, 79

clinical features of infection, 79
course of infection, 366
transfusion risks, 78–79, 366

HUS, see Hemolytic uremic syndrome
Hydroxyethylene starch (HES), plasma 

expansion, 190
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Hypercoaguable state
causative perturbations, 678
clotting factor level abnormalities in 

thrombosis, 678, 705–706
pathophysiology, 677–678

Hypergammaglobulinemia, intravenous immune 
globulin therapy, 196–197

Hyperhemolytic transfusion reaction (HHTR), 
325–326

Hyperhomocysteinemia
cardiovascular risks, 695
homocysteine assays

error sources, 696
techniques, 695–696

methylenetetrahydrofolate reductase gene 
mutations and testing, 695–697

Hyperimmune globulin products
administration, 202
adverse events, 202
indications and dosing, 201
mechanism of action, 202
preparations, 201

Hyperleukocytosis, therapeutic leukapheresis, 
405–406

Hypertriglyceridemic pancreatitis, 
plasmapheresis, 389

Hypoalbuminemia, albumin transfusion, 187
Hypocalcemia

adverse apheresis donor reaction, 43
clinical features, 340
diagnosis, 340
pathophysiology, 339
prevention, 340
treatment, 340

Hypotensive reactions
clinical features, 340
diagnosis, 341
pathophysiology, 340
prevention, 341
treatment, 341

Hypothermia
clinical features, 340
diagnosis, 340
pathophysiology, 339
prevention, 340
treatment, 340

I
IA, see Immunoadsorption
Idiopathic thrombocytopenic purpura (ITP)

acute childhood disease
clinical manifestations, 475–476
diagnosis, 476–477
differential diagnosis, 477

management, 477–478
pathophysiology, 475

cancer-associated bleeding, 585
chronic disease

clinical manifestations, 482
diagnosis, 482–483
differential diagnosis, 483
management, 483–484
pathophysiology, 481–482
refractory disease, 484–485
relapse, 484–485

immunoadsorption therapy, 413
intravenous immune globulin therapy, 196
laboratory diagnosis

acquired platelet function defects, 629
differential diagnosis, 631
platelet antibody testing, 631–633

pregnancy management, 558
Rh immune globulin therapy, 207

Ii antigens
antibodies

alloantibodies, 142
anti-IH, 142
autoantibodies, 142

expression, 142
structure, 141–142

Immediate spin phase
crossmatching, 99
pretransfusion compatibility testing, 95

Immune thrombocytopenic purpura, see 
Idiopathic thrombocytopenic  
purpura

Immunoadsorption (IA)
adverse effects, 414
indications, 413
techniques, 414

Immunoglobulin A deficiency
allergic response to immunoglobulin A 

exposure, 311
epidemiology, 314
prophylaxis of allergic reactions, 314

Immunoglobulin M paraproteinemic 
demyelinating neuropathy, intravenous 
immune globulin therapy, 197

Inclusion body myositis, intravenous immune 
globulin therapy, 197

Indian blood group, 147
Informed consent, blood donors, 29–30, 91
INR, see International normalized ratio
International normalized ratio (INR)

elevation management, 164
warfarin monitoring, 716

Intrahepatic cholestasis, sickle cell disease, 262
Intrauterine transfusion, see Perinatal transfusion 

medicine
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Intravenous immune globulin (IVIG)
administration, 200
adverse events, 200, 202
description, 194
Factor VIII inhibitor management, 597
indications and dosing, 194–198, 344
mechanism of action, 194
preparation, 198
product selection variables, 199–200

Iron overload
clinical features, 359
diagnosis, 359–360
hemoglobinopathy transfusion, 265–266
pathophysiology, 359
treatment, 360

Iron supplementation, preoperative, 294
Irradiated blood products

adverse events, 213
dosing, 212
indications, 209–210
international considerations, 210, 213
irradiation sources, 212
quality assurance, 212–213
storage, 212
transfusion-associated graft-versus-host 

disease
guidelines for irradiated blood products in 

prevention, 209–212
risks, 209

Irradiation
platelets, 50, 170
red blood cells, 47, 156

ITP, see Idiopathic thrombocytopenic purpura
IVIG, see Intravenous immune globulin

J
Jehovah’s Witnesses, position on medical 

therapy, 279–281
Jk antigens, see Kidd blood group
John Milton Hagen blood group, 147
The Joint Commission (TJC), blood industry 

oversight, 8
Jra antigen, 149

K
K antigen, see Kell blood group
Kaolin clotting time (KCT), lupus anticoagulant 

testing, 701
Kaposi sarcoma, 278, 368
Kasabach-Merritt syndrome (KMS), 459–460, 

561–562
Kawasaki disease, intravenous immune globulin 

therapy, 196
KCT, see Kaolin clotting time

Kell blood group
antibodies, 131
antigens

expression, 129
K antigen blood product testing, 53
structures, 130
types, 129

McLeod phenotype, 126
phenotype prevalences, 130

Kidd blood group
antibodies, 131–132
antigens

expression, 131
structure, 132
types, 131

phenotype prevalences, 131
Kleihauer-Betke test, fetomaternal hemorrhage 

testing, 243
KMS, see Kasabach-Merritt syndrome
Knops blood group, 147

L
LA, see Lupus anticoagulant
Lambert-Eaton myasthenic syndrome

intravenous immune globulin therapy, 197
plasmapheresis, 389

Lan antigen, 149
Latex allergy, 312
LDL pheresis, see Low-density lipoprotein 

pheresis
Leishmaniasis

forms, 370
transfusion risks, 370

Lepirudin, features and dosing, 495
Leukapheresis, see Therapeutic leukapheresis
Leukoreduction

bacterial contamination reduction, 84
contraindications, 217
indications, 215–217
international differences, 217
platelets, 49, 170
pre-storage versus bedside, 217
quality assurance, 217
rationale, 215
red blood cells, 47, 156
techniques, 217
universal versus diagnosis-specific, 217

Lewis blood group
antibodies, 141
antigens

expression, 139–140
synthesis, 140
types, 139

phenotype prevalences, 141
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Light transmission aggregometry (LTA), 617
Lipoprotein(a)

cardiovascular risks, 703
testing, 703

Liver disease, hemostatic defects
clinical manifestations, 567
diagnosis, 567–568
management, 568
pathophysiology, 565–567

Low-density lipoprotein (LDL) pheresis
adverse effects, 411
familial hypercholesterolemia, 411
techniques, 411

LTA, see Light transmission aggregometry
Lupus anticoagulant (LA), testing

activated partial thromboplastin time, 700–701
dilute prothrombin assay, 701
Kaolin clotting time, 701
overview, 699
Russell’s viper venom test, 701
textarin time, 701

Lutheran blood group, 148
LW blood group, 148

M
MAIPA, see Monoclonal antibody-specific 

immobilization of platelet antigen
Malaria

blood donors, 29
clinical features, 369
Plasmodium species, 369
therapeutic erythrocytapheresis, 399
transfusion risks, 369

Massive transfusion
clinical significance, 287
cryoprecipitate indication, 176
plasma transfusion indication, 163
red blood cell transfusion

complications, 291
resuscitation, 288–289

resuscitation approaches
component therapy-based approaches, 289
crystalloids versus colloids, 288
massive transfusion protocols, 289–290
multidisciplinary communication, 290

Material review board (MRB), process, 22
Maximum surgical blood order schedule 

(MSBOS), 91
McLeod phenotype, 126
Mediterranean.macrothrombocytopenia, 450,  

464
MELAS, see Mitochondrial encephalomyopathy 

with lactic acidosis and stroke-like 
episodes syndrome

Menorrhagia, 439–440
Metabolic complications, see Hypocalcemia; 

Hypothermia
Methylenetetrahydrofolate reductase (MTHFR), 

gene mutations and testing, 695–697
Middle cerebral artery peak systolic velocity, 

fetus, 245
Mistransfusion, 158, 305, 317, 320
Mitochondrial encephalomyopathy with lactic 

acidosis and stroke-like episodes 
syndrome (MELAS), 562

MNS blood group
antibodies, 134
antigens

expression, 134
types, 133–134

phenotype prevalences, 133
Monoclonal antibody-specific immobilization of 

platelet antigen (MAIPA), 632
Monoclonal gammopathy, plasmapheresis for 

hyperviscosity, 389
Mortality, transfusion, 306
MRB, see Material review board
MS, see Multiple sclerosis
MSBOS, see Maximum surgical blood order 

schedule
MTHFR, see Methylenetetrahydrofolate 

reductase
MTP, see Massive transfusion
Mucosal bleeding, 439
Multifocal motor neuropathy, intravenous 

immune globulin therapy, 197
Multiple sclerosis (MS)

intravenous immune globulin therapy, 197
plasmapheresis, 390

Myasthenia gravis
intravenous immune globulin therapy, 197
plasmapheresis, 390

MYH-9-related thrombocytopenia, 449–450

N
NAIT, see Neonatal alloimmune 

thrombocytopenia
NAT, see Nucleic acid testing
National Committee for Clinical Laboratory 

Standards (NCCLS), quality systems, 
16

NCCLS, see National Committee for Clinical 
Laboratory Standards

Neonatal alloimmune thrombocytopenia (NAIT)
clinical manifestations, 453
diagnosis, 453–454
differential diagnosis, 454
intravenous immune globulin therapy, 197
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delivery, 455
postnatal, 454

pathophysiology, 453
washed blood products, 227

Neonates, see also Perinatal transfusion medicine
antibody identification, 110
cryoprecipitate transfusion, 238
granulocyte transfusion, 238–239
plasma transfusion, 238
platelet transfusion

general considerations, 237
indications, 168
product selection, 237–238

pretransfusion compatibility testing, 99–100
red blood cell transfusion

compatibility testing, 236
exchange transfusion considerations, 

236–237
general considerations, 235
product selection, 235

thrombocytopenia, see Acquired neonatal 
thrombocytopenia; Neonatal 
alloimmune thrombocytopenia

transfusion-associated graft-versus-host 
disease risks, 349–350

washed blood products, 227–228
Nephrotic syndrome

albumin transfusion, 187
bleeding, 582

Nephrotic syndrome, Factor IX therapy 
complication, 535

Nerve injury, adverse blood donor reaction, 42
Neutropenia, granulocyte transfusion indication, 

180–181
Non-conformances and deviations, quality 

system essentials, 15
Non-infectious serious hazards of transfusion

developing hazards, 306
overview, 303–304

Nucleic acid testing (NAT)
hepatitis B virus, 69
hepatitis C virus, 72
human immunodeficiency virus, 63–64
window period, 57

O
OHSS, see Ovarian hyperstimulation syndrome
Ok blood group, 148
Organization, quality system essentials, 14
Organ transplantation

ABO incompatibility and plasmapheresis, 
384–385

anti-A and anti-B titers, 119
antibody-mediated rejection and 

plasmapheresis, 393
blood transfusion of patients

ABO-incompatible transplantation, 272
overview, 272
plasma, 274
red blood cells, 272–274

intravenous immune globulin therapy, 197–198
plasmapheresis in heart transplant, 388
plasma transfusion indications, 163
rejection and extracorporeal photophoresis 

therapy, 409
transfusion-associated graft-versus-host 

disease risks, 350
transfusion-related immunomodulation effects, 

357–358
Osler-Weber-Rendu disease, see Hereditary 

hemorrhagic telangiectasia
Ovarian hyperstimulation syndrome (OHSS), 

albumin transfusion, 186

P
PAI-1, see Plasminogen activator inhibitor-1
PANDAS, plasmapheresis, 391
Paroxysmal cold hemoglobinuria (PCH), 256
Paroxysmal nocturnal hemoglobinuria (PNH)

antibody identification for blood component 
selection, 110

washed blood products, 228
Parvovirus B19

intravenous immune globulin therapy for 
aplastic anemia, 196

transfusion risks, 368
P blood group

antibodies, 144
antigens, 143–144

PCC, see Prothrombin complex concentrate
PCH, see Paroxysmal cold hemoglobinuria
Pediatric transfusion medicine

cryoprecipitate transfusion, 238
granulocyte transfusion, 238–239
plasma transfusion, 238
platelet transfusion, 237
red blood cell transfusion, 237

PEG, see Polyethylene glycol
Pemphigus vulgaris

extracorporeal photophoresis therapy, 409
plasmapheresis, 391–392

Percent desired hemoglobin, equation, 260
Percutaneous umbilical blood sampling (PUBS), 

246
Perinatal transfusion medicine, see also specific 

diseases
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prenatal testing

alloantibodies, 244–246
D-negative, unsensitized to D antigen, 

242–243
D-positive, no alloantibodies, 242
fetomaternal hemorrhage, 243

red blood cell exchange transfusion, 248
Rh immune globulin, 205–206

Perioperative blood management
-aminocaproic acid, 296
aprotinin, 296
autologous blood, see Autologous blood 

donation
blood utilization guidelines, 295
controlled hypotension, 300
desmopressin, 295–296
Factor VIIa, 296–297
fibrin sealant, 297
tranexamic acid, 296
transfusion risk factors

intraoperative factors, 294
postoperative factors, 295
preoperative factors, 293–294

Personnel, quality system essentials, 14
PFA, see Platelet function analyzer
Phlebotomy

blood donation, 30–31
therapeutic, see Therapeutic phlebotomy

Physicians
blood center role

clinical services, 22–23
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financial issues and conflict of interest, 23
manufacturing and processing, 20
overview, 19–20
quality systems and laboratories, 20, 22
research, 23
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audit, 90
community hospitals, 92
education, 91
informed consent, 91
inventory management, 91
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maximum surgical blood order  

schedule, 91
overview, 87–88
patient care, 89
practice guidelines, 90–91
quality management, 89

research, 91–92
transfusion committee, 90
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ABO group compatibility, 98, 166
acute hemolytic transfusion reaction,  

321–322
Cohn fractionation, 193
hematopoietic progenitor cell transplantation 

patient transfusion, 271
neonate and child transfusion, 238
organ transplantation patient transfusion, 274
products, see also specific products

adverse events, 166
alternatives, 166
dosing, 165–166
indications, 162–165
international considerations, 166
manufacturing

components, 47–48
derivatives, 49–50

types, 161–162
Plasmapheresis, see Therapeutic plasma 

exchange
Plasma protein fraction (PPF), plasma  

expansion, 189
Plasminogen activator inhibitor-1 (PAI-1)

coagulation role, 541
deficiency

clinical manifestations, 543
diagnosis, 543
differential diagnosis, 543
genetics, 542
management, 543–544
pathophysiology, 541

fibrinolysis assay, 674t
Plasmodium, see Malaria
Platelet

adhesion, 435
antibody testing, 631–633
blood group compatibility, 172–173
cancer-associated bleeding and dysfunction, 

585
clot retraction and remodeling, 436
coagulation role, 436
collection for apheresis, 34, 44, 169
drug inhibition, 628
exchange, see Therapeutic 

thrombocytapheresis
genetic defect analysis

aggregation studies, 623
disorder types, 624
DNA sequencing, 623, 625
interpretation, 625–626
platelet function analyzer, 623

granules
release defects, 473–474
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hematopoietic progenitor cell transplantation 

patient transfusion, 270–271
heparin-induced thrombocytopenia functional 

assays, 641–642
human immunodeficiency virus-positive 

patient transfusion, 277
intrauterine transfusion, 247
laboratory diagnosis of acquired function 

defects, 627–629
liver disease and dysfunction, 566, 628
neonate and child transfusion

general considerations, 237
product selection, 237–238

physiology, 167
products

adverse events, 173
aliquots, 171
alternatives, 173
bacterial testing, 169–170
contraindications, 168
dose, 171–172
indications, 167–168
international standards, 173–174
preparation and administration, 168–171
quality assurance, 171
storage, 169
types, 167

renal disease and dysfunction, 581
secretion, 435
structure, 434–435
volume reduction, see Volume-reduced blood 

products
washing, see Washed blood products

Platelet aggregation
ATP release assay, 618–619
interpretation of assays, 619–620
light transmission aggregometry, 617
overview, 435–436
whole blood aggregometry, 617–618

Platelet count
electronic impedance aperture, 511
error sources, 611–613
flow cytometry, 611

Platelet function analyzer (PFA)
bleeding disorder evaluation, 441–442
error sources, 615–616
genetic disorder analysis, 623
quality assurance, 616
testing technique, 615

Platelet refractoriness
alloimmunized patient management, 285–286
bleeding patients, 286

causes, 283
corrected count increment calculation, 284
immune refractoriness, 284
non-immune refractoriness, 283–284
prevention, 286
testing, 285

PNH, see Paroxysmal nocturnal hemoglobinuria
POE, see Post-operative erythroderma
POEMS syndrome, plasmapheresis, 392
Poisoning, plasmapheresis, 391
Polyagglutination, red blood cells, 120
Polycythemia vera (PV)

therapeutic erythrocytapheresis, 400
therapeutic phlebotomy, 415–416

Polyethylene glycol (PEG), tube test, 95–96
Polymerase chain reaction, see Nucleic acid 

testing
Post-operative erythroderma (POE), see 

Transfusion-associated graft-versus-host 
disease

Posttransfusion purpura (PTP)
clinical features, 343
diagnosis, 343–344
incidence, 343
pathophysiology, 343
plasmapheresis, 392
prevention, 344
treatment, 344

PPF, see Plasma protein fraction
Pregnancy, see also Perinatal transfusion 

medicine
bleeding disorders

acquired disorders, 557–559
congenital disorders, 555–557

blood donors, 28
prenatal counseling of fetal blood disorders, 557
red blood cell alloimunization and 

plasmapheresis, 393
Pretransfusion compatibility testing

antibody screen, see Antibody identification
automation, 96
blood component selection, 98–99
blood types, see specific blood groups
crossmatching, 99
D type, 97
flow chart, 94
labeling and release of blood components, 100
methodology, 94–96
neonates, 99–100
overview, 93
patient identification, 93–94
quality assurance, 101
specimen requirements, 94
unexpected test result causes, 100–101

Prion disease, 216, 370–371
Process control, quality system essentials, 15
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Protein C, see also Activated protein C
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antigen assays, 685
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indications, 747–748
products, 747
storage and stability, 748

deficiency diagnosis, 686
functions, 683–684, 747
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iatrogenic alterations, 686
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deficiency diagnosis, 686
functions, 683–684
hypercoaguable state, 678–679
iatrogenic alterations, 686

Protein Z
assay, 687
function, 686–687

Prothrombin
activity assay, 658–659
coagulation role, 551, 693
deficiency

diagnosis, 552
differential diagnosis, 552–553
genetics, 551–552
pathophysiology, 551–552

dilute prothrombin assay, 701
inhibitors, 599–600
mutation testing

error sources, 694
interpretation, 693–694
techniques, 693

Prothrombin complex concentrate (PCC)
adverse reactions, 722–723
dosing, 722
indications, 721
products, 721–722
storage and stability, 721

Prothrombin time (PT)
bleeding disorder evaluation, 441–442
coagulation factors, 607
error sources, 608
indications, 608
interpretation, 609–610
mixing studies

error sources, 662
interpretation, 661–662

quality assurance, 662
technique, 661–662

tissue factor, 608
warfarin monitoring, 715–716

Pseudomonas, septic transfusion reactions, 337
Pseudothrombocytopenia, platelet count error, 

612–613
Pseudoxanthoma elasticum, 562
PT, see Prothrombin time
PTP, see Posttransfusion purpura
PTT, see Activated partial thromboplastin time
PUBS, see Percutaneous umbilical blood 

sampling
Pure red cell aphasia, plasmapheresis, 386
Purpura simplex, 562
PV, see Polycythemia vera

Q
QA, see Quality assurance
QSEs, see Quality system essentials
Quality

versus compliance, 13
philosophy and culture, 17

Quality assurance (QA)
antibody identification, 110
bleeding time, 616
clotting factor assays, 659
cryoprecipitate, 177–178
cytomegalovirus-safe products, 221
definition, 17
granulocyte products, 182
hematopoietic progenitor cells, 424
irradiated blood products, 212–213
leukoreduction, 217
mixing studies, 662
platelet function analyzer, 616
platelet products, 171, 174
pretransfusion compatibility testing, 101
red blood cell products, 158

Quality control, 17
Quality system

definition, 17
elements, 16–17

Quality system essentials (QSEs), 14–16

R
RA, see Rheumatoid arthritis
Radiation therapy, red blood cell transfusion 

indication, 153
Raphe blood group, 148
Rapidly progressive glomerulonephritis, 

plasmapheresis, 392–393
Rasmussen’s encephalitis, plasmapheresis, 39
RBC, see Red blood cell
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ABO group compatibility, 98
antibody screening, see Antibody identification
antigens, see also specific blood groups

high-incidence antigens, 149
low-incidence antigens, 149
membrane antigens, 146

collection for apheresis, 33
D type compatibility, 99
exchange, see Therapeutic erythrocytapheresis
frozen products

glycerol cryopreservation, 223
indications for freezing, 224–225
refreezing, 224
rejuvenation solutions, 223–224
thawing, 224

intrauterine transfusion, 246–247
neonate and child transfusion

compatibility testing, 236
exchange transfusion considerations, 

236–237
general considerations, 235
product selection, 235

products, see also specific products
adverse events, 158
alternatives, 158–159
contraindications, 157
description, 151
dose, 158
indications, 153–156
international considerations, 159
manufacturing

additive solutions, 46–47, 152, 157
modifications, 47
processing and storage, 157
quality assurance, 158

names, 151
preparation and administration, 157–158
serological testing

antibody screening, 52, 158
phenotyping, 52–53

storage lesion, 151, 153
transfusion

guidelines, 154–155
indications, see specific conditions

volume reduction, see Volume-reduced blood 
products

washing, see Washed blood products
Red eye syndrome

clinical features, 341
diagnosis, 341
pathophysiology, 341
prevention, 341
treatment, 341

Refsum’s disease, plasmapheresis, 392

Renal disease bleeding
clinical manifestations, 582
diagnosis, 582
management, 582–583
pathophysiology, 581–582

Rh blood group
antigens

C/c, 125–126
D antigen, 124–125
E/e, 125–126
expression, 126–127
G, 126
partial D, 125
structures, 123–124
V, 126
VS, 126
weak D, 125

D antigen phenotyping, 51
D typing discrepancies, 126
haplotype prevalence, 123
mistransfusion, see Acute hemolytic 

transfusion reaction
Rh antibody features, 127
RH genotyping, 126
Rh-null, 126

Rh immune globulin
adverse events, 207
dosing, 244
indications

D-positive blood product transfusion into 
D-negative recipient, 206–207

idiopathic thrombocytopenic purpura, 207
perinatal administration, 205–206

international standards, 207
mechanism of action, 205
preparation and administration, 207
vial size an contents, 205

Rheumatoid arthritis (RA), immunoadsorption 
therapy, 413

Ristocetin
platelet genetic disorder analysis, 626
von Willebrand disease diagnosis, 649–650

Rituximab
Factor VIII inhibitor management, 597
refractory immune thrombocytopenic purpura 

management, 485
Rosette test, fetomaternal hemorrhage testing, 243
Russell’s viper venom test, lupus anticoagulant, 

701

S
Safety, quality, identity, potency, and purity 

(SQUIPP), 13, 19–20
SCD, see Sickle cell disease
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Scleroderma, extracorporeal photophoresis 

therapy, 409
Scott syndrome, laboratory testing, 626
Scurvy, 563
Sda antigen, 149
SEN virus, transfusion transmission, 365
Senile purpura, 562
Sepsis

intravenous immune globulin therapy, 198
plasmapheresis, 394

Septic transfusion reactions, see Bacterial 
contamination

Serotonin release assay, platelet function in 
heparin-induced thrombocytopenia, 
641–642

Severe combined immunodeficiency (SCID), 
transfusion-associated graft-versus-
host disease risks, 348–349

Sickle cell disease (SCD)
epidemiology, 259
pathophysiology, 259
red blood cell transfusion

acute transfusion indications, 261–263
acute versus chronic, 260
adverse effects, 265
calculations, 260–261
chronic transfusion indications, 263
contraindications, 264
controversial indications, 263–264
product selection, 264
simple versus exchange transfusion, 

259–260
therapeutic erythrocytapheresis, 399

Sickle cell disease, red blood cell transfusion 
indication, 156

SLE, see Systemic lupus erythematosus
Solid-organ transplantation, see Organ 

transplantation
Solid phase test, pretransfusion compatibility 

testing, 96
Spontaneous abortion, transfusion-related 

immunomodulation in prevention, 358
Spontaneous bacterial peritonitis, albumin 

transfusion, 186
SQUIPP, see Safety, quality, identity, potency, 

and purity
Staphylococcus, septic transfusion reactions, 

336–337
Stiff-person syndrome

intravenous immune globulin therapy, 198
plasmapheresis, 394

Stroke, sickle cell disease, 262–263
Surgery, see Perioperative blood management
Syphilis, see Treponema pallidum

Systemic lupus erythematosus (SLE)
lupus anticoagulant testing

activated partial thromboplastin time, 
700–701

dilute prothrombin assay, 701
Kaolin clotting time, 701
overview, 699
Russell’s viper venom test, 701
textarin time, 701

plasmapheresis, 394

T
TA, see Therapeutic apheresis
T-activation, washed blood product indication, 228
TA-GVHD, see Transfusion-associated graft-

versus-host disease
TA-MC, see Transfusion-associated 

microchimerism
TACO, see Transfusion-associated cardiovascular 

overload
TAFI, see Thrombin-activatable fibrinolysis 

inhibitor
TAM, see Transplant-associated microangiopathy
TAR, see Thrombocytopenia with absent radii
TBV, see Total blood volume
T-cell reduction, hematopoietic progenitor cells, 

422
Textarin time, lupus anticoagulant testing, 701
TFPI, see Tissue factor pathway inhibitor
-Thalassemia

gene mutations, 265
pathophysiology, 266
red blood cell transfusion

adverse effects, 266
indications, 266
management, 256

Therapeutic apheresis (TA), see also Therapeutic 
erythrocytapheresis; Therapeutic 
leukapheresis; Therapeutic 
plasma exchange; Therapeutic 
thrombocytapheresis

adverse events, 380–381
anticoagulation, 380
blood center services, 4, 22
calculations, 378–379
collections

adverse donor reactions, 43–44
plasmapheresis products, 34–35
platelets, 34, 169
red blood cells, 33

extracorporeal volumes, 379
historical perspective, 10
indications, 374–378, 381
initiation, 382
modes, 373
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techniques, 373
vascular access, 380
volumes exchanges, 378

Therapeutic erythrocytapheresis
adverse effects, 401
hematocrit target, 401
indications, 399–400
replacement fluids, 400
volume exchanged, 400

Therapeutic leukapheresis
indications, 405–406
replacement fluids, 406
timing, 406
volume exchanged, 406

Therapeutic phlebotomy
adverse effects, 416
indications, 415–416
techniques, 416

Therapeutic plasma exchange (TPE)
adverse effects, 395–396
albumin transfusion, 185–186
indications, 384–395
pathophysiology, 383
product collection, 34–35, 44
replacement fluids, 383–384
techniques, 383
volume exchanged, 383

Therapeutic thrombocytapheresis
indications, 403
volume exchanged, 403

Thrombin
formation, 436–437
inhibitors, 599–600

Thrombin-activatable fibrinolysis inhibitor 
(TAFI), fibrinolysis assay, 674

Thrombocytopenia, see Acquired  
neonatal thrombocytopenia; Congenital 
thrombocytopenia; Drug- 
induced thrombocytopenia; Heparin-
induced thrombocytopenia; Neonatal 
alloimmune thrombocytopenia

Thrombocytopenia with absent radii (TAR), 448
Thrombocytosis, therapeutic 

thrombocytapheresis, 403
Thrombosis, see Hypercoaguable state, specific 

conditions
Thrombotic microangiopathy (TMA)

hemolytic uremic syndrome, see Hemolytic 
uremic syndrome

plasmapheresis, 388–389
Thrombotic thrombocytopenic purpura (TTP)

ADAMTS13 testing, 635–638
clinical manifestations, 509–510
diagnosis, 510

differential diagnosis, 510–511
epidemiology, 509
familial disease, 512
management, 511–512
pathophysiology, 509
plasma transfusion indications, 165
plasmapheresis, 388–389, 394–395
pregnancy management, 559
refractory disease, 512
relapse, 512

Thromboxane, pathway defects, 473
Thyrotoxicosis, plasmapheresis, 395
Tissue banking

hospital services
centralized services, 429–430
decentralized services, 429
overview, 427

regulation, 428–429
tissue types, 427–428
vendors, 427

Tissue factor pathway inhibitor (TFPI), 
hypercoaguable state, 679

Tissue plasminogen activator (TPA)
fibrinolysis assay, 674
hypercoaguable state, 679

TJC, see The Joint Commission
TMA, see Thrombotic microangiopathy
Torque teno virus (TTV), transfusion 

transmission, 365
Total blood volume (TBV), calculation, 378–379
Total plasma volume, calculation, 379
Total red blood cell volume, calculation, 379
Total volume exchanged, equation, 260
Toxoplasmosis gondii

clinical features, 370
human immunodeficiency virus and 

transfusion transmission, 278
transfusion risks, 370

TPA, see Tissue plasminogen activator
TPE, see Therapeutic plasma exchange
TRALI, see Transfusion-related acute lung injury
Tranexamic acid (TXA), perioperative blood 

management, 296
Transfusion-associated cardiovascular overload 

(TACO)
clinical manifestations, 327
diagnosis, 327
differential diagnosis, 328
incidence, 327
management, 328
pathophysiology, 327
prevention, 329
volume-reduced platelets in prevention, 232

Transfusion-associated graft-versus-host disease 
(TA-GVHD)

diagnosis, 346–347



774� Index
Transfusion-associated cardiovascular overload 
(TACO) (Continued)

guidelines for irradiated blood products in 
prevention, 209–212

hematopoietic progenitor cell transplantation, 
346

pathophysiology, 345–346
post-operative erythroderma, 346
prevention, 347
risk factors, 209, 347–351
treatment, 347

Transfusion-associated microchimerism (TA-MC)
clinical features, 353–354
diagnosis, 354
pathophysiology, 353
prevention, 354

Transfusion committee, 90
Transfusion medicine

definition, 3–4
historical perspective, 9–11
infectious agents, see also specific agents

testing, 55–58
transmission criteria, 55

medical specialty, 6
regulation, 6–8
services, 4
structure, 5–6

Transfusion-related acute lung injury (TRALI)
clinical manifestations, 331
definition, 31
diagnosis, 332
differential diagnosis, 328, 332–333
donor/recipient investigation, 333
history and future transfusion considerations, 

333
intravenous immune globulin therapy 

complication, 202
management, 333
pathophysiology, 331–332
platelet donor precautions, 170
prevention, 305, 333–334

Transfusion-related immunomodulation (TRIM)
effects, 357–358
leukoreduction, 216–217
mechanisms, 358
risks, 357

Transfusion refusal
documentation of consent or non-consent, 282
Jehovah’s Witnesses, 279–281
specific circumstance management, 280, 282

Transfusion service
mission statement, 89
organization, 87–88
physician role

audit, 90

community hospitals, 92
education, 91
informed consent, 91
inventory management, 91
management, 87, 89
maximum surgical blood order schedule, 91
overview, 87–88
patient care, 89
practice guidelines, 90–91
quality management, 89
research, 91–92
transfusion committee, 90

Transfusion trigger, red blood cells, 153–154
Transplant-associated microangiopathy (TAM), 

plasmapheresis, 389
Treponema pallidum

blood screening
approaches, 77–78
historical perspective, 77
international considerations, 78
requirements, 57, 77

donor deferral, 78
TRIM, see Transfusion-related 

immunomodulation
Trypanosoma cruzi

blood screening
approaches, 80–81
requirements, 57, 80

clinical features of infection, 80, 369
donor deferral, 81
epidemiology, 80, 369
transfusion risks, 370

TTP, see Thrombotic thrombocytopenic purpura
TTV, see Torque teno virus
TXA, see Tranexamic acid

V
Vel antigen, 149
Venipuncture site, preparation, 30
Venous thromboembolism, see Hypercoaguable 

state
Vitamin K

deficiency
clinical manifestations, 572
diagnosis, 573
differential diagnosis, 573–574
liver disease, 566
management, 574
pathophysiology, 571–572

warfarin reversal, 164
Volume of replacement red blood cells, equation, 

260
Volume-reduced blood products

hematopoietic progenitor cells, 233
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adverse effects, 233
indications, 232–233
volume reduction techniques, 232

red blood cell products
adverse effects, 232
indications, 231–232
volume reduction techniques, 231

von Willebrand disease
ABO blood group distribution, 649
acquired disease associated conditions, 653
clinical manifestations, 521–522
diagnosis, 522, 626
differential diagnosis, 522
DNA sequencing, 646–647
laboratory assessment

acquired disease diagnosis, 653–654
inherited disease diagnosis

antigen assay, 649
collagen-binding assay, 650
DNA sequencing, 651
Factor VIII coagulant activity assay, 650
Factor VIII-binding assay, 651
findings by disease type, 651–652
inhibitor assay, 650
multimer detection, 650
platelet-binding assay, 651
ristocetin assays, 649–650

treatment monitoring, 655–656
liver disease, 563
management, 524–525
pathophysiology, 519
platelet type, 464–465
pregnancy management, 555–556
types and gene mutations, 519–521, 523, 

645–646
von Willebrand factor

concentrates
adverse reactions, 727–728
dosing, 727
indications, 726
products, 725–726
storage and stability, 727

inhibitors
acquired disease, 598–599
assays, 664

replacement therapy, 655–656
structure, 646

W
WAIHA, see Warm autoimmune hemolytic anemia
Warfarin

antiphospholipid antibody syndrome 
management, 516

CYP2C9 polymorphisms and metabolism, 
715–716

diet and drug interactions, 717–719
mechanism of action, 715
prothrombin time monitoring, 715–716
reversal

plasma transfusion, 164
preoperative, 294

Warm autoimmune hemolytic anemia (WAIHA)
antibody identification for blood component 

selection, 110
blood bank and transfusion management, 

253–254
pathogenesis, 252–253

Washed blood products
indications, 227–228
washing

platelets, 227
red blood cells, 227

WBA, see Whole blood aggregometry
Wegener’s granulomatosis, plasmapheresis, 

385–386
West Nile virus (WNV)

blood donors, 29
blood screening

approaches, 76
international considerations, 76
requirements, 57, 75

clinical features, 368–369
features, 75
transfusion risks, 75, 369

White platelet syndrome, 470
WHO, see World Health Organization
Whole blood aggregometry (WBA), 617–618
Window period, infectious agent testing, 56–58
Wiskott-Aldrich syndrome, 445, 447
WNV, see West Nile virus
World Health Organization (WHO), quality 

systems, 16

X
Xg blood group, 148
Xigris

adverse reactions, 749
dosing and administration, 748
indications, 747–748
storage and stability, 748

Y
Yersinia enterocolitica, septic transfusion 

reactions, 336
Yt blood group, 148
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