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Foreword

This important and timely book reflects the thoughtful work of pioneers in geriatric surgery.  
It encompasses their knowledge of the science related to geriatric surgery, and their reflections 
and guidance on the rapidly accumulating knowledge related to improving the health and sur-
gical care of seniors.

Two background points serve as a basis for this foreword.
First: Moving into the category of older person or “senior” is highly variable. Most persons 

slip into this category subtly, although all too often there is a precipitous decline in one’s 
physical status as might occur, for example, following an acute illness or surgery. Certainly the 
threshold to be an older person is not 65 on average but more typically about 75–80 years.

Second and key to the importance of this book: Why are seniors different from the surgeon’s 
point of view? Seniors as a group are among the most vulnerable surgical patients and not 
simply “wizened versions of your standard 30 year old” as a nationally renowned general 
surgeon, the late Dr. James Thompson, wrote [1]. The vulnerability of this group is not unlike 
that of the very young, the recognition of which gave rise to the development of experts in 
pediatric surgery beginning 7 or 8 decades ago. The senior patient, however, is at increased 
risk from the perturbation of a surgical operation for different reasons than the very young. In 
the very old patient, the surgeon must consider three major factors: variable age-related decline 
in physiological reserve, the high likelihood of the presence of multiple chronic diseases, and 
heterogeneity.

Physiological losses begin at around the age of thirty and progress imperceptibly – except 
in high performance athletes and a few others requiring maximum physiological functions – 
and on average become an important clinical factor at around age 80. These changes affect 
every body system and if these charges are not appreciated by the surgeon they can impact 
adversely procedural outcomes. Anesthetic or drug toxicity, volume depletion, functional 
losses, and other postoperative complications easily result.

Multiple chronic diseases are nearly always present. Chronic diseases in the same individual 
add complexity to any surgical intervention. Associated with the presence of multiple diseases 
is the use typically of multiple medications with the increased potential for side effects and 
drug–drug interactions. There simply is no room for imprecise treatment that may initiate a 
major drug reaction or an exacerbation of an existing illness. Such outcomes can precipitate 
clinical deterioration, poor surgical outcomes, and even death.

Heterogeneity is a hallmark among older persons. The variability of physiological losses 
within an individual and the variable pattern of chronic disease and disease severities create 
universal heterogeneity among elderly surgical patients. Indeed, one 85-year old patient under-
going a thoracic operation is unlike any other patient. This heterogeneity requires that the 
surgical team have enormous insight, judgment, and individualization of preoperative, operative, 
and postoperative management.

Increasingly surgeons are operating on the very old, even those who are age 90 years and 
above. Age is never, in and of itself, a contraindication for surgery. As our editor, Dr. Mark 
Katlic, has written, “the senior patient can tolerate operations but not complications [2].” 
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Indeed, once a complication develops it often leads to a spiral of deterioration with one problem 
developing after another resulting in death or a major loss of function and permanent depen-
dency (a clinical sequence colloquially referred to as the “slippery slope”). Anticipation of this 
complex situation mandates that the surgeon and his or her team provide individualized precise 
pre-, intra- and postoperative management to achieve an acceptable outcome. Helping the 
surgeon and the surgical team achieve such goals is the purpose of this book, achieved with 
significant, pertinent pointers.

Already seniors dominate the American healthcare system with only about 13 % of the 
population accounting for nearly half of heathcare expenditures. In the 2006 National Hospital 
Discharge Survey, nearly 40 % of hospital admissions were for individuals age 65 and older [3]. 
In data derived from this national survey, seven of the most common cardiac or thoracic surgical 
procedures were disproportionally done in seniors: 55% and 23% of these seven common pro-
cedures were performed in patients older than 65 and 75 years of age, respectively. In 2000, 
according to the U.S. Census (www.uscensus.gov) there were 16.5 million Americans 75 years 
or older. To further emphasize the need for geriatrics in surgical care, the US Census Population 
Projections predict that those individuals age 85 years and older in the United States will 
increase in size more rapidly than any other age cohort of our society: In 2030 and 2050, 8.7 
and 19 million individuals, respectively, are estimated to be in this age group. This cohort of 
seniors aged 85 and older are certainly the most vulnerable group for surgical procedures.  
A continuing increase in the age of patients undergoing surgery portends higher rates of com-
plications, longer lengths of stay, and increasing costs. The so-called “demographic imperative” 
means that all surgeons will have considerable experience in caring for patients who are in their 
80s and 90s. Unfortunately, most practicing surgeons have had no formal training in the geriat-
ric aspects of their discipline. Many currently active surgeons, however, have learned by experi-
ence and hunting through the literature for practical clinical knowledge regarding the cardinal 
principles and pitfalls in performing surgery and caring postoperatively for the old/old.

This comprehensive book will help those cardiovascular thoracic surgeons in training and 
those already in practice obtain this needed current knowledge. Indeed, this book provides a 
scholarly review of the constantly expanding knowledge base about cardiovascular and thoracic 
surgery in seniors. The book follows a logical sequence covering general aspects of care,  
cardiac surgery, and thoracic surgery. Chapters are focused on common, devastating and often 
missed complications of surgical care in the seniors. These include delirium, depression, pressure 
sores, functional losses, incontinence, volume depletion, and asymptomatic or atypical compli-
cations – myocardial infarction, postoperative diarrhea, urinary track infections and pneumo-
nia. Each is expertly reviewed. Strategies to help the surgeon and the surgical team anticipate, 
recognize, and effectively prevent or manage such problems are discussed and the evidence 
basis for such strategies is provided.

This book is particularly timely and the first to review the substantial body of knowledge 
that has been developed in recent years related to geriatric cardiothoracic surgical problems. It 
builds on the many peer reviewed scientific articles concerning the care of the elderly patient. 
Indeed, such geriatric-specific papers have increased dramatically in recent years. This docu-
mentation of the growth in the peer reviewed literature concerning geriatric aspects of care is 
a reflection of a national effort by many pioneers. The annual growth from 44 articles focused 
on care of the seniors in 1960 to over 43,000 in 2007 is impressive [4] and suggests that in the 
coming years such articles will accumulate logarithmically.

A portion of the scholarship on which this book is based flows from research done under 
the auspices of the Geriatrics for Specialists Initiative (GSI) of the American Geriatrics Society 
(AGS), an initiative that reflects and in some ways initiated a national effort to improve the 
surgical care of seniors [5]. The GSI began in 1994 as a national effort to encourage and help 
specialty leaders to begin responding to the need for more geriatrics knowledge in their fields. 
Visionary academic geriatrician leaders led initially by the late Dennis W. Jahnigen, then by 
David H. Solomon, spirited the program with the continuing help of surgical specialty leaders, 
leaders from the AGS and foundation sponsors: The John A. Hartford Foundation and the 
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Atlantic Philanthropies. Over the years the program has evolved into a highly functional and 
collaborative multispecialty organization of leaders representing the specialties of Emergency 
Medicine, Anesthesiology, General Surgery, Thoracic Surgery, Ear, Nose and Head and Neck 
Surgery, Urology, Gynecology, Ophthalmology, Orthopedic Surgery, and Physical Medicine 
and Rehabilitation. Two overarching organizations, the American College of Surgeons and the 
American Medical Association, are also its members. The ten specialty organizations repre-
sent the care of the surgical patient throughout a hospital stay: emergency department to anes-
thesiology to surgery to rehabilitation. Those who joined this cause were those larger specialties 
that potentially might provide a broader impact in medical education. The GSI now has a well-
organized structure with a governing council of leaders representing each participating orga-
nization, a robust scientific meeting held annually with the national meeting of the AGS, 
informational and an educational web-site, www.americangeriatrics.org/specialists/, where 
details about its accomplishments and other resource information is readily available.

Since the beginning of the specialty of geriatric medicine many years ago and its substan-
tive establishment as a formal academic discipline in the 1980s, many thought that there would 
be ample geriatricians to assist and work with surgeons in the care of the very old. While this 
is happening in a very few locations, nationally, the number of geriatricians are actually now 
decreasing dramatically. This phenomena of inadequate numbers of geriatricians has been 
documented by surveys of the Association of Directors of Academic Geriatrics Programs 
(ADGAP), www.ags/adgap and in the Institute of Medicine report of April 2008 [6], available 
online at www.iom.workforce. The bottom line is this: all surgeons must become fully compe-
tent in the special needs of their very old patients as geriatrician colleagues are few and far 
between.

This valuable textbook arrives when most needed. It catalogs well the expanding knowledge 
basis for achieving successful surgical outcomes in the very old and it provides for cardiovas-
cular/thoracic surgeons a most useful resource.

John R. Burton, MD
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Preface

The aging of the population will be the greatest force affecting health care – affecting society 
as a whole – in our lifetime. Already the elder group is experiencing near-exponential growth, 
with the most explosive growth in the over 85 years subset. In addition, the conditions that 
require cardiothoracic surgery (atherosclerosis, lung and esophageal cancer, degenerative 
valve disease, dysrhythmia) increase in incidence with increasing age. Cardiothoracic sur-
geons are geriatric surgeons.

My own interest in geriatric surgery is over 30-years old. As a surgical resident at the 
Massachusetts General Hospital I cared for several hundred-year-old patients and retrospec-
tively reviewed the records of several others. All survived operation and lived one or two 
years, one even taking an around the world cruise. I published these results in 1985 and went 
on to edit books on geriatric surgery. This is the first devoted to cardiothoracic surgery.

Our chapter authors were encouraged to keep their focus on the elderly and not to simply 
reproduce a general chapter on cardiac or thoracic surgery. To that end, for example, Cleveland’s 
chapter on Preoperative Evaluation discusses nutrition, delirium, disability, and advanced 
directives as opposed to cardiopulmonary fitness. Weigel and her coauthors have added ele-
ments of Comprehensive Geriatric Assessment to their presurgery routine. Every reader will 
benefit from chapters on Nursing/Models of Care, Delirium, Ethics, Wound Healing, 
Neurologic and Cognitive Changes, Medication Usage, Palliative Care, and many others. 
Despite my study in the field for decades I have learned from each chapter in our book.

Ageism exists in Society, in Medicine, and in Surgery, but not in these pages. Our authors’ 
unflinching reviews of the results of cardiothoracic surgery in the elderly are based on data and 
not prejudice. No cohorts’ physiologic reserve and list of comorbidities varies as much, for a 
given chronologic age, as our subjects’. In some cases, older patients do experience greater 
mortality or stay longer in the hospital or cost more than younger counterparts but this is far 
from universal: many groups have shown that excellent results are attainable with compulsive 
attention to detail.

A brief note about our logo: the oak tree, like the model from my own yard (Fig. 1a) repre-
sents strength and elegance and endurance throughout long life. I asked my neighbor, designer 
Tracey Selingo, to incorporate a stylized thorax in its branches. The colorful and whimsical 
heart carved into the trunk was her idea (Fig. 1b). And to my editors at Springer, Executive 
Editor Paula Callaghan and Developmental Editor Portia Bridges: what a delight it has been to 
work together, now on two books. Portia, especially, has been the backbone of this project; she 
is one of the best.
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What could be more difficult – and thereby more rewarding – than successfully performing 
medicine’s most complex procedures on our highest risk patients? A man or a woman who is 
a consistently good geriatric surgeon is likely to be a consistently good surgeon. So, let us all 
become good geriatric surgeons.

Wilkes-Barre, PA Mark R. Katlic 

Fig. 1 (a) Katlic oak tree, model for logo; (b) cardiothoracic surgery in the elderly logo
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Citations regarding the negative impact of old age on clinical 
outcomes can be found as far back as the beginning of the 
medical literature itself. The hieroglyphic sentence below 
from the Papyrus Prisse (1580 B.C.), quoted in the Edwin 
Smith Papyrus which is thought to be among the oldest sur-
viving documents in the surgical literature, decries the vicis-
situdes of growing old by stating “To be an old man is evil 
for people in every respect [1]” (Invited Commentary 
Fig. 1.1). At the time of that writing, attaining a 25th year of 
life was an accomplishment achieved by only the heartiest of 
persons. Over the ensuing 3,500 years, mean life expectancy 
increased very slowly, on average 0.7 years per century, 
reaching 47 years in western countries by 1900 A.D. Then, 
thanks to the advent of public health measures, modern med-
icine, and lifestyle modification in the following one century 
alone, life expectancy increased an additional 30 years. 
“Old” now is very different in many ways from “old” back 
then. But while the time point at which one becomes “old” 
has changed, the fact that old age has negative consequences 
has not. In fact, recent advances have created a population 
living longer with diseases that would have proven fatal in 
the past. Over the next several decades, as the baby boom 
generation reaches “old age,” the medical profession will be 
faced with a huge number of octogenarians and nonagenari-
ans, many with chronic diseases, expecting to not only live 
longer, but also to do so in an active and productive manner. 
Many of these older patients will find themselves needing 
the services of a surgeon; they will require cataract removal, 

total joint replacement, resection for cancer, and coronary 
and peripheral revascularization. The need to analyze when, 
how, by whom, and on whom these procedures should be 
performed, as well as how to pay for them, has only recently 
begun to attract the attention of healthcare providers and 
healthcare policymakers.

In 2007, in response to this tsunami of aging potential 
patients in the United States, the Institute of Medicine (IOM) 
convened The Committee on the Future Health Care 
Workforce for Older Americans, to “probe these challenges 
and to set out a course of action that will improve our nation’s 
readiness to care for an aging population. The committee 
conducted a thorough analysis of the forces that shape the 
health care workforce, including education, training, modes 
of practice, and the financing of public and private programs 
[2].” In April 2008, the IOM issued its report entitled 
“Retooling for an Aging America: Building the Health Care 
Workforce,” in which the following three-pronged approach 
was recommended:

 1. Increase geriatric competence in all providers
 2. Increase recruitment and retention of geriatric specialists
 3. Redesign models of care

Textbooks such as this one are an essential part of the effort 
to increase geriatric expertise in those who will care for our 
older surgical patients.

As a student of “geriatric surgery” since my PGY 4 resident 
experiences 30 years ago in a small community hospital 
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Fig. 1.1 This hieroglyphic sentence, “To be an old man is evil for people in every respect”, appears in the Edwin Smith Surgical Papyrus 
(17th century B.C.) (Reprinted with permission from Gruman [1])
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adjacent to a large nursing home facility (where staff surgeons 
could somehow translate mental status changes into acute 
cholecystitis with none of the usual signs or symptoms pres-
ent), I am heartened by the growing national interest in learning 
more about how to care for older patients in general and older 
surgical patients in particular. Even my fellow residents, who in 
1981 thought that geriatric surgery meant caring for sacral 
pressure ulcers, now realize that there is a whole additional set 
of principles and rules of practice that need to be defined and 
followed when undertaking major surgical intervention for 
older persons. Prior focus on only the treatment of the surgical 
disease is now tempered by considerations of maintenance of 
function, quality of life, and the patient’s goal of care. Previous 
acceptance of “sundowning” as the norm for an old person 
after surgery is now replaced by a concerted effort to identify, 
prevent, and treat delirium. Advanced directives and palliative 
care are no longer viewed as preparations for and admissions 
of failure, but rather appropriate considerations for persons 
with life-threatening disease in advanced age.

In few other surgical specialties, the issues of geriatric 
surgery have become more distinct than in cardiac surgery. 
Cardiovascular disease is a leading cause of death among 
the elderly and has been for the last century, even as life 
expectancy has increased. With the advent of minimally 
invasive methods to revascualrize the heart, the number of 
coronary artery bypass procedures (CABGs) done per year 
has fallen, while the age, comorbidity, and complexity of 
disease in patients requiring surgery have increased. These 
changes now leave the highest-risk patients in need of 
highest risk and most costly interventions. Isn’t perform-
ing CABG in the elderly then an expensive prescription for 
failure? No, because cardiovascular surgery is specifically 

designed to improve function, rather than just treat disease 
and therefore issues of quality of life, not just prolongation 
of life, dominate both the risk benefit and cost benefit dis-
cussions. In a wonderful study of the cost-effectiveness of 
coronary artery bypass grafting in octogenarians, Sollano 
et al. [3] compared outcomes and cost per quality life year 
saved of CABG versus medical therapy. Three- and 4-year 
survival for patients treated with surgery was 80 and 69% 
compared to 64 and 32%, respectively, for those treated 
medically. Quality of life in five domains, pain, activity, 
mobility,  self-care, and depression/anxiety, was also bet-
ter in the  surgery group. And finally, the cost per quality 
life year saved was approximately $10,400, less than 
the cost for many common procedures such as screening 
mammography.

In the chapters that follow, the authors will define the 
principles and discuss the issues involved in providing the 
highest quality care for older patients requiring cardiac and 
thoracic surgery. While much remains yet to be studied, these 
chapters provide an excellent foundation upon which to 
further build our knowledge and skills.
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Abstract Cardiothoracic surgery is performed primarily in 
older individuals. Within the United States and globally, the 
numbers of these older individuals will increase dramatically 
in the near future, driving enormous changes in the amount, 
profile, and delivery of health care. In this chapter we ana-
lyze recent trends in the patterns of treatment provided by 
cardiothoracic surgeons. While incidence rates for coronary 
artery bypass procedures have declined, other procedures 
have not changed significantly in frequency. With the fore-
casted increases in the number of older individuals there is 
good reason to believe that the volumes of cardiothoracic 
procedures that are performed will rise significantly, even if 
incidence rates continue to decline. Cardiothoracic surgeons 
should meet the challenges engendered by these changes 
through ongoing innovation and a continued focus on quality 
of care and clinical outcomes.

Keywords Coronary artery bypass • Open heart surgery  
• Elderly • Health manpower • Appropriateness • Epidemi
ology • Health care costs • Economics

Introduction

The disease processes which call upon the skill of a cardio-
thoracic surgeon are predominantly found in older individu-
als. Atherosclerotic coronary artery disease (CAD), valvular 
disorders, and neoplastic disorders are all primarily afflic-
tions of the elderly. The primary focus of a cardiothoracic 
surgeon is to care for these problems in the manner which 
optimizes patient outcomes, and it is this focus which has 
earned the field respect and status. In the chapters that follow, 

the clinical considerations of treating a patient who is older 
relative to one who is younger are explored. With this chap-
ter, we take a step away from the clinician-patient relation-
ship and explore the epidemiologic, economic, and pragmatic 
ramifications of cardiothoracic surgery in a population that is 
increasingly elderly. In the interest of providing insights 
which have depth and detail, these analyses will focus pri-
marily on the United States (US) population.

Demographics: The Aging Population

“Demography is destiny”

August Comte

Over the next two decades, the US population is poised to 
undergo an unprecedented change. The “aging” population 
– often mentioned but rarely explained – is a demographic 
shift that results from several distinct demographic phenom-
ena. First, we are living longer. Based on data from the US 
Centers for Disease Control, an individual born in 2004 has 
a life expectancy of 77.8 years, compared to less than 50 
years one century ago [1]. Second, the baby boomers are 
entering retirement age. Between 1946 and 1964 the US saw 
a remarkable rise in the number of births relative to the peri-
ods before or following. In 2011, the first of the baby boom-
ers enter retirement age, and the proportion of individuals in 
the US aged 65 years and older will begin to increase rapidly. 
Another demographic phenomenon is also important to men-
tion: the US population is increasing rapidly. Between 1990 
and 2000 the US population increased by 32.6 million (13%), 
the largest absolute increase of any decade in the country’s 
history.

Taken together, these trends have clear importance for the 
field of cardiothoracic surgery in determining the base popu-
lation of potential patients. Between 2010 and 2025, the US 
population is expected to increase by 40.5 million people 
(13.1%) (Fig. 2.1a). Increases will be disproportionately 
higher among older individuals – the numbers of individuals 
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Fig. 2.1 (a) US Population, 2010–2025; (b) US Population, 2010–2025 (% change relative to 2010)

aged 65–74 will increase by 67.8% and those aged 75+ by 
46.7% (Fig. 2.1b).

The US is not alone in experiencing dramatic shifts 
toward an aging population. Figure 2.2 shows global statis-

tics that illustrate similar emerging trends in the global 
population. These shifts are predicted to be more dramatic 
in less developed regions relative to more developed 
regions.
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A Data-Driven Approach

Throughout this chapter, we will use original analyses of 
existing data in order to provide insight into patterns of car-
diothoracic surgical treatment provided within the US. In 
order to do this, we will rely on two population-based data-
bases of domestic hospital discharges – the National Hospital 
Discharge Survey (NHDS) and the Nationwide Inpatient 
Sample (NIS). A brief description of each of these sources of 
data is therefore important.

The NHDS is managed by the National Center for Health 
Statistics, and represents an annual sampling of domestic 
hospital discharges. Each year, 350,000 discharges from 
approximately 500 hospitals are abstracted based on an 
approach that is designed to yield information that is repre-
sentative of all domestic hospitalizations [2]. Within the 
NHDS, deidentified information about each discharge, 
including age, sex, race/ethnicity, diagnoses, procedures per-
formed (according to ICD-9 coding scheme), and diagnosis-
related grouping (DRG) are reported.

The NIS is published by the Healthcare Cost and Utilization 
Project through a partnership that is organized by the Agency 
for Healthcare Research and Quality. Similar to the NHDS, 
the NIS database contains discharge data including procedure 
and diagnosis codes (also according to ICD-9 coding scheme). 
The NIS differs from the NHDS in that it represents much 
larger sample (approximately eight million records per year), 
but it does not sample from as broad a range of geographic 
regions. Also, the regions which contribute discharge data to 
the NIS have changed significantly over time.

These two datasets are best considered complementary. 
For analyses of procedures which are performed commonly, 

the NHDS data are the most accurate representation of the 
overall, nationallyrepresentative patterns of treatment. Also, 
because the NHDS sampling methodology has remained sta-
ble over time, it is a better resource for examining temporal 
trends in procedure rates. The NIS, because of its larger sam-
ple size, is a better resource for assessing rates of procedures 
which occur with lower frequency. We rely on the NIS to 
yield detailed point estimates for procedural rates which can 
then be used for the purposes of forecasting, and in situations 
where a large sample size is required in order to yield more 
precise estimates. At the time of writing this chapter, the most 
current data available for each of these datasets was 2006. In 
Appendix 1 we document the International Classification of 
Disease, 9th Edition (ICD-9) procedure codes which we used 
to ascertain procedures for this analysis.

Historical Rates of Treatment

The number of individuals in the US who undergo cardiotho-
racic surgical procedures is changing. Within this section we 
will analyze historical rates of specific types of cardiotho-
racic surgical procedures – coronary artery bypass grafts 
(CABGs), valve operations, and pneumonectomies (see 
Appendix 1 for description of corresponding ICD9 proce-
dure codes). These three classes of procedures clearly do not 
represent the breadth of the field; by limiting our analyses to 
these relatively more common procedures we hope to pro-
vide a report that is more detailed while still representative of 
evolving trends in the entire workload of cardiothoracic 
surgeons.

Fig. 2.2 World growth in population aged 60+ years (from the United Nations Department of Economic and Social Affairs Population 
Division [38])
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Between 1996 and 2006 the numbers of CABG opera-
tions performed in the US declined, from 366,000 per year in 
1996 to 252,000 in 2006 (31% decrease) (Fig. 2.3). Valve 
operations and pneumonectomies each increased slightly; 
valve operations increased from 79,000 per year in 1996 to 
99,000 in 2006 (26% increase) and pneumonectomies 
increased from 66,000 per year 78,000 per year (19% 
increase). The measurement and tracking of procedural vol-
ume is enormously important for policy planning, however, 
it is important to acknowledge that over the last 10 years, the 
US population has grown considerably and also aged. To 
account for these trends, all subsequent figures in this section 
are “ageadjusted.” This method modifies an overall inci-
dence rate to adjust for changes in the demographic makeup 
(especially age distribution) of a population over time.

The importance of accounting for differences in procedure 
rates within age groups is best demonstrated in terms of an inci-
dence rate curve for each procedure. Figure 2.4 demonstrates 
incidence rate curves for several commonly performed cardio-
thoracic procedures. These incidence rate curves clearly show 
that it is the elderly population who are the primary patient 
population for cardiothoracic surgical procedures. Changes in 
the population of individuals aged less than 40 years old clearly 
would have little impact on procedure volumes; quite the oppo-
site for the population aged 65 years or older.

It is also useful to analyze how these incidence rates have 
changed over time (Fig. 2.5a–c). For CABG procedures, the 
population-based incidence rate has declined from 13.8 pro-
cedures per 10,000 population in 1996 to 8.5 in 2006, a 38% 
reduction (Fig. 2.5a). Decreases were most rapid in the age 
groups with the highest rates of operation – those aged 60–79 
years. Incidence rates were more stable, however, in the old-
est age group (80+ years old). By contrast, the incidence 
rates for valve procedures and pneumonectomies have 
remained fairly constant (Fig. 2.5b–c).

Forecasting Rates of Treatment

“It’s tough to make predictions, especially about the future.”

Yogi Berra

What will happen to rates of cardiothoracic surgical pro-
cedures in the future? In general, forecasting patterns of 
treatment is an endeavor which can be labeled better as art 
than science. The effort needs to be made, however, in order 
to ensure that the resources available are sufficient to the task 
at hand. Historically, several methods have been used to 
project the demand for surgical procedures. While each has 
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its own shortcoming, we will rely on what is best considered 
a “demands-based model.” In this type of model, rates of sur-
gical treatment (numbers of procedure per unit population) 
are assumed to be constant, and projections are calculated 
based on changes in demography. It is important to calculate 

these estimates within specified age groups – as we have 
shown above, cardiothoracic procedures are predominantly 
performed in older individuals. For the purposes of calculat-
ing projected rates of procedures, we will assume that rates 
of cardiothoracic procedures will be similar to those in 2006, 
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and consider the impact of population growth/aging on rates 
of treatment.

The results of this basic method are shown below in 
Fig. 2.6. In addition to calculating estimated procedures with 
a stable incidence rate, we also computed what would hap-
pen if the incidence rate for each procedure decreased by 
2.0% per year. With the assumption of stable incidence rate, 
the number of CABGs is forecasted to increase by over 50% 
between 2006 and 2025. Similar increases are seen for valve 
operations and pneumonectomies, with increases of 48 and 
44%, respectively. It is also worth noting that even with sig-
nificant decreases in rates of treatments, the numbers of pro-
cedures performed per year is still estimated to increase as a 
result of population growth and aging.

Determinants of Rates of Treatment

In the preceding discussion, we have focused on the obvious 
relationship between demographics and the utilization of 
cardiothoracic surgical procedures. Clearly, however, demog-
raphy is not the only determinant of the numbers of cardio-
thoracic procedures performed in any region. This point has 

been made eloquently and often by health policy researchers 
from Dartmouth ever since the early 1970s [3]. Their research 
has demonstrated a significant variation between regions in 
terms of the rates at which specific procedures are performed. 
Figure 2.7 shows rates of several types of heart procedures: 
percutaneous transluminal coronary angiography (PTCA), 
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CABG, percutaneous transluminal coronary intervention 
(PTCI), aortic valve replacement/mitral valve replacement 
(AVR/MVR) within 306 hospital referral regions (HRRs). 
HRRs are geographic regions which are defined based on 
patterns of referral for cardiovascular and neurosurgical pro-
cedures. Rates of coronary procedures show a significant 
degree of variation across regions, with many HRRs demon-
strating rates that are greater than twice the national 
average.

What is responsible for these significant variations in rates 
of procedures? Underlying population-based differences in 
the prevalence of specific disease processes might explain part 
of the variation, but this is not believed to be a major explana-
tory factor. The prevailing explanation is that patterns of treat-
ment and availability of specialists drive the majority of these 
variations. At some level this is intuitive – an area with few or 
no cardiologists is likely to have a lower rate of angiography 
and PTCI. In areas where there is not a shortage of specialists, 
however, the story becomes much more nuanced and we will 
devote some time to reviewing current knowledge of the driv-
ers of procedure rates for cardiothoracic surgery. While an 
exhaustive discussion of these factors is beyond the scope of 
this chapter, we will focus on several main areas: epidemio-
logic trends, outcomes in elderly patients, overuse/overuse, 
payment systems, and the impact of medical technology.

Epidemiologic Trends

In this section we will review recent trends in the epidemiol-
ogy of atherosclerotic CAD, valvular disease, and lung 
neoplasms.

Trends in Coronary Artery Disease (CAD)

Patients with atherosclerotic CAD are usually diagnosed on 
the basis of an acute myocardial infarction (AMI), and we 
will therefore use data regarding rates of hospitalization for 
AMI as an estimate of underlying populationbased rates of 
significant CAD. In Fig. 2.8 we show these data. Rates of 
AMI and CABG are declining at approximately similar rates 
(AMI decreased by 42.3%, and CABG by 49% between 1996 
and 2006). What is driving these significant reductions in 
rates of hospitalization for AMI? The answer is almost cer-
tainly multifactorial, including improved preventive care, 
early diagnosis of CAD, better cholesterollowering medica-
tions, and improved medical/surgical interventions.

These successes are reflected in trends regarding the death 
rate for heart disease in the US. According to data from the 
American Heart Association, between 1996 and 2006 the 
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death rate from cardiovascular disease decreased by 29.5% 
[4]. As a cause of death, heart disease clearly encompasses a 
broad spectrum of disease processes. These analyses are all 
important, however, in demonstrating the successes achieved 
in the US in treating CAD.

Trends in Valvular Heart Disease

As with CAD, it is difficult to estimate an underlying pop-
ulation-based incidence of valvular heart disease. While 
several studies have attempted to calculate such rates based 
on claims data [5] or prospective cohort studies [6], differ-
ences in the definitions of what constitutes disease make 
comparison difficult. One study pooled data on 11,911 ran-
domly selected adults and found moderate or severe valvu-
lar heart disease in 615 [7]. Extrapolated to the entire US 
population in the year 2000, this study yielded an estimated 
2.5% prevalence.

The etiology of valvular heart disease is evolving rapidly. 
Rheumatic heart disease is increasingly rare in the US, and 
rates of surgery for rheumatic valvular disease are declining [8]. 
Other diseases which reflect the effect of senescence on the 
aortic and mitral valve systems are becoming more common. 

Unfortunately, population-based data sources which accu-
rately capture the underlying cause of valvular disease lead-
ing to surgical treatment are not available [9]. In Fig. 2.9 we 
demonstrate that the overall population-based incidence rates 
for valve operations requiring open heart surgery (valve 
replacement or valvuloplasty) are approximately stable over 
the period from 1996 to 2006.

Trends in Lung Cancer

As a disease process, lung cancer is exquisitely sensitive to a 
singular risk factor – smoking. Over the last century, the inci-
dence rate of lung cancer among individuals living in the US 
has peaked and is now falling in males, but has reached a 
plateau in females (Fig. 2.10). These trends are attributable 
primarily to underlying changes in rates of smoking. Domestic 
volumes of pneumonectomies remained fairly constant 
between 1996 and 2006 (Fig. 2.3).

In Fig. 2.11 we show incidence rates for pneumonecto-
mies according to indication. Rates of resection for lung 
cancer fell sharply between 1996 and 2000, but have been 
stable between 2000 and 2006. However, in examining age
specific incidence rates an interesting pattern emerges 

Fig. 2.9 Incidence rates for open heart valve operations (from The National Hospital Discharge Survey (NHDS), available at http://www.cdc.gov/
nchs/nhds.htm)
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Fig. 2.10 Trends in age-specific incidence and death rates of/from lung cancer by year and gender (from Jemal et al. [39] reprinted with permission)
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Fig. 2.11 Incidence rates for pneumonectomies in US by indication, 1990–2005 (from The National Hospital Discharge Survey (NHDS), avail-
able at http://www.cdc.gov/nchs/nhds.htm)
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(Fig. 2.12). Incidence rates are declining in younger indi-
viduals, but are more constant (if not increasing) in the 
oldest age groups (70–79 and 80+ years old). These trends 
are not dramatic, but do raise two related questions which 
we will explore in the next section. First, what are the out-
comes of surgery in very elderly patients? Second – with 
advances in surgical technique, are these outcomes improving 
over time?

Outcomes of Cardiothoracic Surgery  
in Elderly Patients

The ability of cardiothoracic surgical procedures to render a 
positive clinical outcome is clearly related to the age of the 
patient in question. Intuitively, the risks and expense of sur-
gery must be weighed against what is known regarding long-
term clinical benefits. The safety of major cardiothoracic 
surgical procedures in elderly patients is increasingly docu-
mented in the surgical literature. In a recent review of 2,985 
patients who underwent CABG at the Mount Sinai School of 
Medicine in New York, 28.6% were 70–79 years of age and 
9.4% were 80 years or older [10]. Hospital mortality was 

4.6% for octogenarians and 2.2% for septuagenarians, a rate 
that was not statistically different from that seen in patients 
under the age of 70 years (2.4%).

In Fig. 2.13 we analyze trends in hospital mortality for 
CABG. Overall mortality rates decreased for 4.1% in 1991 
to 2.8% in 2006. Improvements were especially dramatic for 
patients aged 70–79 years, with mortality falling from 5.9 to 
3.8%. Unfortunately, this type of analysis is not appropriate 
for addressing questions regarding which changes in practice 
are responsible for these improvements.

Overuse and Underuse

If one assumes that across regions the patterns of treatment 
provided to patients is exactly the same, then inter-region 
variations in rates of treatment would be attributable entirely 
to underlying differences in the prevalence of diseases. Few 
believe this to be the case. In considering how patterns of 
treatment generate differences in rates of treatment, some 
nomenclature is useful to organize a review of current knowl-
edge. Toward this goal we will use important terms: under-
use and overuse. These terms have been defined elegantly by 
Chassin et al. and the Institute of Medicine: [11]
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Overuse

Overuse occurs when a health care service is provided under 
circumstances in which its potential for harm exceeds the 
possible benefit. Prescribing an antibiotic for a viral infec-
tion like a cold, for which antibiotics are ineffective, consti-
tutes overuse.

Underuse

Underuse is the failure to provide a health care service when 
it would have produced a favorable outcome for a patient. 
Missing a childhood immunization for measles or polio is an 
example of underuse.

Few areas of medicine have been as closely scrutinized 
regarding the presence of overuse and underuse as has the 
treatment of patients with coronary arterial disease (CAD). 
Any discussion regarding underuse and overuse necessarily 
begins with an explicit definition of what constitutes an 
appropriate indication for the procedure. Several groups, 
most notably the group from RAND/UCLA, have developed 
a method for synthesizing evidence using expert panelists 
and an iterative approach to attaining consensus. This method 
has proven to be highly reproducible and valid, albeit more 
accurate in assessing underuse than overuse [12, 13]. In 
Table 2.1 we present a summary of studies performed in the 

last 10 years which examine underuse and overuse in the use 
of coronary angiography and revascularization in the treat-
ment of patients with CAD. This brief review shows a rate of 
overuse of these procedures that is dramatically less than the 
rate of underuse.

In order to organize the discussion of overuse and under-
use of patients with CAD we turn to a simplistic flow chart 
(Fig. 2.14). The number of patients who receive surgical 
treatment is, conceptually, a cross product of steps A, B, and 
C. Most studies examining the diagnosis and treatment of 
CAD have ascertained cohorts of symptomatic patients on 
the basis of presentation with AMI. In the remainder of this 
section, we will describe evidence that examines underuse 
and overuse of procedures at each of these steps.

Cardiologic Evaluation

For any one of a number of reasons, the ability of patients to 
access cardiologic evaluation may be limited. Under-
insurance (either no insurance or insured by Medicaid) is an 
obvious reason. Philbin et al. analyzed a database of New 
York State hospital discharges where the principal diagnosis 
was AMI, and found that Medicaid patients were less likely 
than non-Medicaid patients to undergo coronary angiogra-
phy, PTCA, and CABG procedures [14]. If under-insurance 
is a barrier to evaluation, rates of underuse should be lower 
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in systems where access to care is more readily available. 
Petersen et al. examined the treatment provided to patients 
treated for AMI in the Veterans Health Affairs (VA) and 
Medicare programs [15]. They found that only 43.9% of VA 
patients and 51.0% of Medicare patients underwent an 
angiography that was considered clinically necessary. Even 
for patients who are insured and/or in integrated health sys-
tems there are significant problems with achieving high rates 
of appropriate evaluation.

The likelihood of coronary angiography is also a function 
of the degree to which a patient’s clinical picture constitutes 
a mandate for angiography. Guadagnoli et al. analyzed 
regional variation in rates of angiography using data from the 
Health Care Financing Administration’s Cooperative 
Cardiovascular Project [16]. They found that regional varia-
tions were most affected by differences in the use of angiog-
raphy for discretionary indications, rather than frank overuse 
or underuse.

Probably the most important determinant of a patient’s 
likelihood of undergoing coronary angiography during 
admission for AMI is the availability of the service at the 
admitting hospital. Theoretically, a patient with a clinical 
need for angiography would be transferred from a hospital 
where such services are unavailable to one where the service 
could be provided. Several investigations have shown, 

however, that the hospital capability to perform these proce-
dures has a significant impact on the use of angiography [17]. 
The timing of arrival at a hospital also appears to have an 
impact on likelihood of coronary angiography. Kostis et al. 
examined patients admitted with a first AMI on weekends vs. 
weekdays and found higher mortality rates and lower use of 
invasive cardiac procedures for weekend admissions [18].

Surgical vs. Nonsurgical Treatment

The type of treatment (step C, Fig. 2.14) provided to patients 
after cardiologic evaluation has also been a focus of recent 
research. Denvir et al. presented standardized patient scenarios 
to groups of cardiologists and cardiothoracic surgeons in order 
to better understand their clinical decision-making process 
[19]. They found that initial agreement between clinicians was 
quite poor, but improved after open discussion in the context of 
a multidisciplinary panel. It might be tempting to view these 
differences in patterns of diagnostic and therapeutic studies as 
a mere curiosity. The reality is more dramatic, however. Patients 
who are considered appropriate candidates for CABG have 
lower rates of mortality when they do undergo CABG com-
pared with patients who do not [20]. Patients who are treated at 

Table 2.1 Recent literature examining rates of underuse and overuse of coronary angiography and revascularization

Study Context Sample size
Procedure(s)  
evaluated Findings

Carlisle et al. [41] Los Angeles/
multiinstitutional

181 AMI Angiography 22% underuse
215 Angiographies 3% overuse

Leape et al. [42] New York/
multiinstitutional

631 Angiographies with CAD PTCA and CABG  
after angiography

26% underuse of 
revascularization

Guadagnoli et al. [16] HCFA CCP 44,294 AMI Angiography 39% underusea

Hemingway et al. [20] London/
multiinstitutional

2,552 Angiographies with CAD PTCA and CABG  
after angiography

6% of PTCAs were overuse
2% of CABGs were overuse
34% underuse of PTCA
26% underuse of CABG

Schneider et al. [43] Medicare 788 PTCAs PTCA and CABG  
after angiography

14% of PTCAs were overuse
709 CABGs 10% of CABGs were overuse

Garg et al. [44] HCFA CCP 9,455 AMI Angiography 42% underuse
Petersen et al. [15] VA 1,665 AMI Angiography 56% underuse

Medicare 19,305 AMI Angiography 49% underuse
O’Connor et al. [45] New England/

multiinstitutional
4,684 CABGS CABG 1.4% overuse

aFigure not published; extracted from figure, therefore represents an approximate value
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Fig. 2.14 Treatment of patients 
with CAD (overuse and underuse)
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hospitals where more aggressive coronary angiography is 
performed have better survival rates [21].

The decision as to which approach is preferred for a spe-
cific patient needs to be considered in the context of evi-
dence regarding the relative efficacy of PTCI and CABG. In 
2009, Hlatky et al. published a pooled analysis of random-
ized trials comparing PTCI vs. CABG for multivessel CAD 
[22]. Their study analyzed 7,812 patients, and found that 
rates of death or MI after each type of intervention were not 
significantly different. Specific subgroups of patients did, 
however, have better results after CABG compared with 
PTCI — elderly (age ³65 years) and those with diabetes. A 
similar analysis performed in 2009 by Naik et al. examined 
outcomes from trials comparing PTCI and CABG for left 
main CAD [23]. They found no differences in terms of out-
comes (mortality, cerebrovascular/cardiovascular events). 
Both the Naik and the Hlatky studies found higher rates of 
reintervention in the PTCI groups. Since Hlatky’s analysis, 
initial (1 year follow-up) results from the Synergy between 
PCI with Taxus and Cardiac Surgery (SYNTAX) trial have 
emerged [24]. The finding from this randomized trial of 
1,800 patients was that CABG yielded a lower incidence of 
a composite endpoint including major cardiovascular/cere-
brovascular events. Ongoing results from this trial will 
surely clarify the discussion regarding the indications for 
CABG vs. PTCI.

Improving the Appropriateness of Care

The interests of public health are well-served by minimizing 
the rates of underuse and overuse described above. In this 
section we discuss what is known regarding barriers to 
improving the appropriateness of treatment for patients with 
CAD, and possible mechanisms by which to address them.

Perhaps most importantly, a greater degree of professional 
consensus regarding which types of patients and types of dis-
ease are best served by which type(s) of treatment needs to 
be achieved. The process that arrives at this higher degree of 
consensus requires significant advances in clinical research, 
both observational and experimental, in order to provide suf-
ficient evidence. Improving the evidence basis for treatment 
is only part of the answer, however. Underuse and overuse of 
cardiologic evaluation and coronary intervention need to be 
improved through structural mechanisms within the health 
care delivery system. The most important of these mecha-
nisms is a multidisciplinary panel which involves the input 
of both cardiologists and cardiothoracic surgeons. 
Additionally, health care delivery systems should engage in 
real-time monitoring and reporting of the appropriateness of 
treatment provided to patients hospitalized with cardiologic 
conditions. We are not the first to make these recommenda-
tions [25–27].

Professional consensus and monitoring mechanisms are 
only part of the equation; improving access to care is also 
part of the equation. Patients treated for acute coronary syn-
drome in hospitals where intervention facilities are not avail-
able are less likely to undergo necessary procedures [17]. 
While this may not be surprising, it is important to envision 
a system where every patient receives an appropriate evalu-
ation and treatment, regardless of initial portal of entry. Such 
a system may require greater regionalization, expanded 
capacity, or other more innovative solutions.

Payment Systems

“There are many mechanisms for paying physicians; some are 
good and some are bad. The three worst are fee-for-service, 
capitation, and salary.”

James C. Robinson, 2001 [28]

Total costs of inpatient hospital care for patients with car-
diovascular disease are estimated to be $71.2 billion per year 
[4]. The average cost for a CABG is over $30,000 [29]. Who 
pays these considerable costs?

Demonstrated in Fig. 2.15, Medicare is the most  important 
payment source for the majority of open heart procedures 
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Fig. 2.15 Payment sources for open heart procedures (from The National 
Institute of Science, available at http://www.nationalinstituteofscience.org/). 
(a) CABG; (b) valve; (c) pneumonectomy
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and almost half of pneumonectomies. Medicare is primarily 
held by individuals aged 65 years and older, and therefore 
stands to become an even more important payor as the pro-
portion of patients who undergo these procedures are elderly. 
How quickly is this proportion going to change? In Fig. 2.16, 
we estimate the proportion of patients undergoing a CABG 
procedure who will be in specific age groups, using a meth-
odology similar to that used to generate the forecasts 
 discussed earlier. Based on this approach, patients aged 65 
years and older will become a more prominent proportion of 
patients undergoing CABG. In 2006, those aged 65+ years 
were 56.7% of the CABG patient population, and by 2025 
this proportion is forecasted to increase to 67.3%. Over 
time, Medicare will become an increasingly important 
mechanism through which cardiothoracic procedures are 
reimbursed.

The mechanism by which Medicare reimburses facilities 
and professionals for surgical procedures is primarily based 
on a fee-for-service model. Facilities are paid through a pro-
spective payment system (PPS) and professionals based on 
an estimation of the amount of work required – the relative 
value unit (RVU). In an era of increased focus on cost con-
tainment and clinical effectiveness, payers and providers are 
seeking other mechanisms that more closely link payment 

with measurable aspects of quality. We will discuss several 
of these.

Starting in 2006, Geisinger Health System in central 
Pennsylvania instituted a PPS within which payments for 
elective CABG patients encompassed 90 days of followup 
care. This program effectively provided payors with a “guar-
antee” by covering all expenses resulting from complications 
incurred during the post-operative period. The effective link-
age between efforts to reduce complications and cost savings 
is intuitive and has the potential to help drive quality improve-
ment. Whether such a system can be expanded to other con-
texts remains to be seen.

A second, similar system is the Prometheus payment 
model which works on the payer side of the reimbursement 
system. Within the Prometheus model, the amount of care 
required to treat a specific condition is bundled together, 
along with an estimate of the costs of treating complications 
– termed “potentially avoidable costs (PACs).” If a health 
care system can reduce its rate of PACs, then its net reim-
bursement may be substantially higher. On the other hand, if 
multiple complications (PACs) occur, an episode of care may 
engender a lower net income or financial loss.

The same concept is embodied in the “never events” 
approach taken by the Centers for Medicare and Medicaid 
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Services (CMS). Beginning October 1, 2008, CMS no longer 
reimburses hospitals for additional costs related to the devel-
opment of any one of the following 8 PACs:

Pressure ulcer stages III and IV. —
Falls and trauma. —
Surgical site infection after bariatric surgery for obe- —
sity, certain orthopedic procedures, and bypass surgery 
(mediastinitis).
Vascular-catheter associated infection. —
Catheter-associated urinary tract infection. —
Administration of incompatible blood. —
Air embolism. —
Foreign object unintentionally retained after surgery. —

As these systems evolve, new approaches are sure to 
emerge. At all levels, major participants in the health care 
delivery system will be asked to link payment to clinical out-
comes [30].

Medical Technology

The impact of evolving medical technology on the epidemi-
ology and economics of cardiothoracic surgical procedures 
is impossible to predict. It may be useful, however, to draw 
lessons from other fields which have experienced significant 
technological shifts.

Laparoscopic techniques have dramatically altered the 
types and rates of surgical procedures performed by abdomi-

nal surgeons. The incidence rate for cholecystectomy 
increased dramatically as a result of rapid uptake of laparo-
scopic techniques [31]. This change involved not only an 
increase in the use of the procedure, but also a change in 
what was considered an acceptable indication. When the 
procedure involved a large subcostal incision and a 2–4-day 
hospital stay, cholecystectomies were primarily performed 
for acute cholecystitis. With laparoscopic techniques, and 
lengths of stay often less than 24 h, the procedure is now 
primarily performed for patients with symptomatic 
cholelithiasis.

Vascular surgeons have also seen significant changes in 
the treatment for peripheral arterial disease (PAD). 
Endovascular procedures are rapidly supplanting open revas-
cularization techniques for the treatment of patients with 
PAD, in both acute and nonacute contexts [32, 33]. What is 
most remarkable about this shift, however, is the rapid change 
in the types of physicians who perform endovascular proce-
dures (Fig. 2.17). Vascular surgeons and cardiologists have 
quickly replaced radiologists as the specialties who are 
most likely to use endovascular technology for the treat-
ment of PAD.

The lessons for cardiothoracic surgeons are clear. 
Minimally invasive technologies expand the pool of patients 
who are appropriate for surgical treatment. With the intro-
duction of techniques for percutaneous valve procedures, 
there is the potential for a significant increase in the demand 
for these procedures. Cardiothoracic surgeons should become 
intimately involved in these technologies, in the same man-
ner that vascular surgeons embraced endovascular approaches. 

Fig. 2.17 Proportion of endovascular interventions performed by specialty, 1996–2006 (reprinted from Goodney [33] with permission. Copyright 
2009, with permission from Elsevier)
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Percutaneous valve procedures are only an example – the 
future will surely present the field of cardiothoracic surgery 
with many opportunities to be involved in evaluating and 
applying other new technologies.

The Domestic Supply of Cardiothoracic 
Surgeons

If the numbers of cardiothoracic procedures performed per 
year in the US increases, will the workforce be sufficient? In 
this section, we will consider trends in the numbers of surgeons 
certified by the American Board of Thoracic Surgeon (ABTS) 
in order to forecast the numbers of cardiothoracic surgeons in 
the future. The ABTS was initially formed in 1948, at which 
time 229 members were certified as founders. In 1949 an addi-
tional 15 diplomates were certified, and this number gradually 
rose, peaking in 1998 with 168 certifications (Fig. 2.18). Since 
1998, there has been some decline in the number of certifica-
tions per year, with 118 new certifications in 2009.

We estimated the workforce of active ABTS diplomates 
based on historical data from the ABTS and three basic 
assumptions: (1) annual certification rate at 2009 levels (118 
per year), (2) a 30-year career in practice after certification, 

and (3) a 1.0% annual attrition rate. The results of this model 
are shown in Fig. 2.18. This model shows a decrease from 
3,708 to 3,411 surgeons between 2009 and 2025 – a decline 
of approximately 8%.

The prospect of a workforce of cardiothoracic surgeons 
which is shrinking and a rising number of procedures raises 
the possibility of a shortage. If these assumptions hold, how 
much more work output will be expected per surgeon? We 
examine the answer to this question in Fig. 2.19. With an 
assumption of stable incidence rates in the three types of car-
diothoracic surgical procedures (CABGs, valve operations, 
and pneumonectomies), we forecast dramatic increases in 
the number of procedures per active cardiothoracic surgeon. 
For CABG, the number would increase 67.5%, and for valve 
procedures and pneumonectomies, 65.0 and 60.4%, respec-
tively. With an assumption of declining incidence rates, these 
increases are still significant – 14.1, 12.4, and 9.3% (for 
CABG, valve procedures, and pneumonectomies). The 
results we achieve with this simple model parallel those 
demonstrated by Grover et al who used a methodology simi-
lar to ours [34].

Our model’s simplicity may underestimate the magnitude 
of growth in demand relative to supply, especially in its esti-
mation of the effective size of the cardiothoracic surgical 
workforce. The current workforce of cardiothoracic surgeons 
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is increasingly older (Fig. 2.20) may be retiring earlier than 
in previous generations [35].

Other health policy researchers have forecasted reduc-
tions in the amount of work per physician, resulting from an 
increasing proportion of women in the medical workforce as 
well as generational changes in work hours [36]. The actual 
impact of these trends is difficult to estimate.

Conclusion

The field of cardiothoracic surgery is at an inflection point in 
its trajectory. With the advent of minimally invasive 
 techniques to treat CAD, rates of cardiac procedures have 
fallen. These changes had an immediate and dramatic impact 
on the field, demonstrated in the reduced rates of surgical 
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Fig. 2.20 Average age of thoracic surgeons in the US (this graph is reprinted from the 2005 STS/AATS practice survey final results (http: www.
sts.org/documents/pdf/2005practsurvFinalResults.pdf) and shows the mean age trend of cardiothoracic surgeons based on longitudinal data from 
survey respondents. © The Society of Thoracic Surgeons. Used with permission. All rights reserved.) [40]
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training [37]. Over the next 10–20 years, as a result of 
 profound changes in the US population, the field of cardio-
thoracic surgery will see a significant increase in its patient 
base. Even with continued decreases in the populationbased 
incidence rates of heart disease and lung cancer, the numbers 
of open heart procedures and pneumonectomies that will be 
performed will increase steadily. Percutaneous techniques 
for valve repair/replacement also have the potential to 
 significantly expand the demand for heart procedures. 
Cardiothoracic surgeons need to take a leadership role in 
developing, testing, and diffusing these technologies. Given 
the declining numbers of cardiothoracic surgeons trained per 
year and this new demand, we agree with other health policy 
researchers in forecasting an increase in the workloads of 
cardiothoracic surgeons [34].

Demography is not the only driver of destiny, however. 
The appropriateness and quality of care delivered to patients 
needs to be examined closely and on an ongoing basis. Many 
view CABG procedures as discretionary procedures which 
are over-applied to the population as large, a view which is 
not grounded in truth. Cardiothoracic surgeons need to be a 
part of the evolution toward a system which considers the 
care provided to all patients after cardiologic evaluations, 
not only those deemed appropriate for surgical intervention. 
The field of cardiothoracic surgery must have a seat at the 
able where these reforms are generated in order to ensure the 
best health for the population.

Appendix 1: Cardiothoracic Surgical 
Procedures

Procedure description ICD-9 Code(s)

Pneumonectomy 32.xx
Local excision or destruction of lesion  

or tissue of lung/bronchus
32.0x, 32.2x

Other excision of bronchus 32.1x
Segmental resection of lung 32.3x
Lobectomy of lung 32.4x
Complete pneumonectomy 32.5x
Radical dissection of thoracic structures 32.6x
Other excision of lung 32.9x
Valve repair/replacement 35.xx
Closed heart valvotomy 35.0x
Open heart valvuloplasty without replacement 35.1x
Replacement of heart valve 35.2x
Coronary artery bypass graft 36.xx
Removal of coronary artery obstruction  

and insertion of stent(s)
36.0x

Bypass anastomosis for heart revascularization;  
w/wo arterial implant

36.1x, 36.2x

Other heart revascularization 36.3x
Other operations on vessels of heart 36.4x

Italicized procedures considered nonsurgical, excluded from analysis.
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Abstract The world population is aging and the conditions 
that require cardiothoracic surgery – atherosclerosis, lung 
and esophageal cancer, degenerative valve disease, dys-
rhythmia, and others – increase in incidence with increasing 
age. What do we know about surgery in the elderly that will 
help us improve our care of these conditions? Six general 
principles are useful for teaching purposes. These include 
the fact that the clinical presentation of surgical problems 
may be subtle or different from that of the general popula-
tion; the elderly handle stress well but not severe stress due 
to lack of reserve; preoperative preparation and attention to 
detail are crucial; when these are lacking, as in emergency 
surgery, risk dramatically increases; and the results of elec-
tive surgery in the elderly are good and do not support 
prejudice against advanced age. Cardiothoracic surgeons 
must become students of the physiologic changes that occur 
with aging and, guided by these few principles, apply this 
knowledge to daily clinical care. We owe it to our elders 
to become good geriatric surgeons and in so doing we will 
become better surgeons to patients of all ages.

Keywords Principles • Reserve • Preoperative • Emergency 
• Prejudice • Ageism • Complications

With a few obvious exceptions, those of us who are cardio-
thoracic surgeons must become geriatric surgeons. The pop-
ulation as a whole is aging, with the most explosive growth 
in the over 85 year group, and the conditions that require 
cardiac or thoracic surgery (atherosclerosis, lung and esoph-
ageal cancer, degenerative valve disease, dysrhythmia, and 
others) increase in incidence with increasing age. Ferguson 
and Vigneswaran [1], for example, reported that of all patients 
requiring major lung resection, the proportion over age 70 
rose from 20 to 30% over the last three decades. In Germany, 
the percentage of similarly aged patients undergoing cardiac 

surgery rose from 24.9 to 45.3% in one decade [2]. Over the 
next 20 years there will be a 67% increase in cancer inci-
dence for older adults, compared with an 11% increase for 
younger adults [3]. Improving our care of the elderly chest 
surgical patient – the raison d’etre of this book – will become 
progressively more important to us all.

Admittedly, surgeons have always cared for the elderly, 
but the definition of “elderly” has changed. A threshold of  
50 years was chosen for the 167 patients described in an article 
in 1907 [4], and 20 years later influential surgeons still wrote 
that elective herniorrhaphy in this age group was not war-
ranted [5]. Now, though, we are performing complex opera-
tions such as esophagectomy and reoperative cardiac surgery 
in octogenarians, nonagenarians, and occasionally centenar-
ians [6–10]. In addition, the salutary results of such surgery 
can even influence general sentiment about medical care of 
the elderly. Linn and Zeppa’s study [11] of junior medical 
students reported that the surgery rotation, in contrast to 
other clerkships, positively influenced the students’ attitudes 
about aging regardless of the students’ career choices, as 
the elderly surgical patients were admitted and treated 
successfully.

Surgery therefore has much to offer the geriatric patient, 
but that patient must be treated with appropriate knowledge 
and attention to detail. Discussions of physiologic changes in 
the elderly and results of specific operations comprise the 
bulk of this book and are not presented here. The author’s 
quarter-century study in this area, in addition to caring for an 
elderly thoracic oncology population, has led to a distillate 
of several general principles (Table 3.1) which are relevant to 
all who care for the aged. These principles are worthwhile 
chiefly for teaching purposes, as they cannot apply to every 
patient or every clinical situation. Some principles also apply 
to surgery in the young patient, but the quantitative differ-
ences in the elderly are significant enough to approach quali-
tative status. Risks of many emergency operations in the 
young, for example, are indeed greater than the risks of simi-
lar elective operations, but the differences are small com-
pared to the threefold increase in the elderly. With respect to 
these principles the elderly need not be treated as a separate 
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species but perhaps as a separate genus or order within the 
same larger group of surgical candidates.

Although our results have generally improved over the 
years [12, 13], this improvement has not been universal [14, 
15] (Fig. 3.1) and emergency surgery is still risky (Fig. 3.2). 
Understanding these six general principles may help us 
improve our care of the geriatric patient who requires cardio-
thoracic surgery.

Principle I: Clinical Presentation

The clinical presentation of surgical problems in the elderly 
may be subtle or somewhat different from that in the general 
population. This may lead to delay in diagnosis.

Examples from general surgery illustrate this principle. 
Classic symptoms of appendicitis are present in a minority 
of elderly patients, as few as 26% in Horattas’ series over 
20 years [16] (Table 3.2). Rebound tenderness was present in 

fewer than half the patients in another [17] and leukocytosis 
in only 42.9% in another [18]. Clouding the picture further, 
objective tests may suggest alternative diagnoses: one in 
six patients has an elevated bilirubin and one in four has 
signs of ileus, bowel obstruction, gallstones, or renal 
calculus on abdominal radiographs [19]. Computed tomo-
grams therefore may alter clinical diagnosis in over 40% of 
cases of abdominal pain [20, 21]. Even astute diagnosis 
may not prevent perforation, present in 42–60% of elderly 
patients despite operation within 24 h of symptom onset 
[16, 18, 21].

Table 3.1 Principles of geriatric surgery

 I. The clinical presentation of surgical problems in the elderly may be subtle or somewhat different from that in the general population. This 
may lead to delay in diagnosis

 II. The elderly handle stress satisfactorily but handle severe stress poorly because of lack of organ system reserve
 III. Optimal preoperative preparation is essential, because of Principle II. When preparation is suboptimal the perioperative risk increases
 IV. The results of elective surgery in the elderly are reproducibly good; the results of emergency surgery are poor though still better than 

nonoperative treatment for most conditions. The risk of emergency surgery may be many times that of similar elective surgery because of 
Principles II and III

 V. Scrupulous attention to detail intraoperatively and perioperatively yields great benefit, as the elderly tolerate complications poorly (because 
of Principle II)

 VI. A patient’s age should be treated as a scientific fact, not with prejudice. No particular chronologic age, of itself, is a contraindication to 
operation (because of Principle IV)

Fig. 3.1 Mortality versus age in aortic valve replacement. Mortality 
was age dependent in 1997 and 2006. Mortality was less in 2006 than 
in 1997. Asterisk indicates p < 0.05 (Reprinted from Brown et al. [13] 
Copyright 2009, with permission from Elsevier)

Fig. 3.2 Decline in surgical mortality in elderly over time (emergency 
always much higher) (Reprinted from Thomas and Ritchie [12] with 
permission from Wiley-Blackwell)
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Biliary tract disease is the most common entity requiring 
abdominal surgery in the elderly, yet the diagnosis is often 
delayed. More than one-third of patients with acute chole-
cystitis are afebrile, one-fourth are nontender, and one-third 
are without leukocytosis [22–24]. Cholangitis may appear 
only as fever of unknown origin or as confusion [25]. 
Consequently, the elderly predominate in series of patients 
with complications of biliary disease (gallbladder perfora-
tion, empyema, gangrene, gallstone ileus, and cholangitis) 
[26], and the complication may result in the first apparent 
symptom [23, 27]. Saunders et al. [28] reported that abdomi-
nal pain was a less prominent symptom and that the bilirubin 
level was nearly double in elderly patients presenting with 
bile duct carcinoma, compared to the findings in young 
patients seen during the same time period.

Peptic ulcer disease may present as confusion, malaise, 
anemia, or weight loss as opposed to pain [29]; even with 
perforation pain may be absent or minimal. Rabinovici and 
Manny [30] found a discrepancy between “severe intraopera-
tive findings” and preoperative objective findings such as 
heart rate (mean 88/min), temperature (37.2°C), and white 
blood cell count (10,900/dL). Some have suggested that the 
elderly and possibly their physicians become tolerant over 
the years to abdominal pain, loss of energy, and other symp-
toms, resulting in a delay in diagnosis or an emergency pre-
sentation. In Mulcahy et al.’s [31] series of patients with 
colorectal carcinoma, for example, elderly patients were 
nearly twice as likely (18%) as younger patients (11%) to 
present emergently. Elderly patients with perforated diver-
ticulitis are three times more likely to have generalized peri-
tonitis at operation than young patients [32].

Gastroesophageal reflux disease in the elderly is less 
likely to cause heartburn and more likely to cause regurgitation 

or cough (p = 001) [33]. In Pilotto et al.’s study of 840 
consecutive patients [34], typical heartburn/acid reflux, pain, 
and indigestion were more likely in the young (p < 0.001); 
older patients more often experienced dysphagia, anorexia, 
anemia, or vomiting (p < 0.001 each) or weight loss (p < 0.007) 
(Table 3.3).

Head and neck disease may also present differently in the 
elderly. Sinusitis may lead to subtle signs such as delirium or 
fever of unknown origin [35, 36]; and head and neck cancers 
are less likely to be associated with smoking (p < 0.01) [37] 
and alcohol use (p < 0.001) [37, 38]. Hyperparathyroidism 
is more likely to cause dementia or skeletal complaints and 
less likely to cause renal stones [39]. In Thomas and Grigg’s 
series [40] of patients with carotid artery disease, stroke was the 
most common indication for surgery in octogenarians and 
was the least common indication in younger patients. 
Unstable angina is as likely to present with dyspnea, nausea, 
or diaphoresis as it is with classic chest pain [41].

Lehmann et al. [42] found that “hypotension and tachy-
cardia were unreliable predictors of the need for urgent inter-
vention in the elderly group [of trauma patients]” (Fig. 3.3), 
and refers to the “pseudostability” of elderly patients with 
unrecognized shock after traumatic injury.

Table 3.2 Classic symptoms of appendicitis are present in a minority of 
elderly patients, resulting in perforation despite expeditious operation

Twenty-year comparison and compilation

Characteristic
1978–1988 1988–1998 1978–1998
(n = 96) (n = 113) (n = 209)

Classic presentation (19) 20% (36) 30% (55) 26%
Delayed presentation (>48 h) (32) 33% (36) 30% (68) 33%
Imaging
 AAS (81) 84% (86) 76% (167) 80%
  Sensitivity (22) 27% (22) 25% (44) 26%
 CT (50) 44%
  Sensitivity (45) 90%
Correct admitting diagnosis (49) 51% (52) 46% (101) 48%
Surgery within 24 h (80) 83% (97) 85% (177) 85%
Perforation (60) 72% (58) 51% (127) 61%
Complications (30) 32% (24) 21% (54) 26%
 Those with perforation (25) 83% (15) 72% (40) 76%
Deaths (4) 4% (4) 4% (8) 4%
Reprinted from Storm-Dickerson [16], Copyright 2003, with permis-
sion from Elsevier

Table 3.3 Symptoms of gastroesophageal reflux disease may be 
different and more subtle in the elderly

No. (%) of patients

Symptom
Group A (<65 Years) 
(n = 241)

Group B (³65 years) 
(n = 63) p Value

Heartburn 209 (86) 45 (47) 0.001
Dysphagia  92 (38) 28 (35) 0.77
Regurgitation 113 (47) 46 (71) 0.001
Chest Pain  97 (39) 18 (28) 0.13
Cough  89 (37) 42 (67) 0.001
Response to 

proton 
pump 
inhibitorsa

 70 75 0.53

aPercentage of patients
Source: Reprinted with permission from Tedesco [33], Copyright © 
American Medical Association. All rights reserved

Fig. 3.3 Field heart rate and systolic blood pressure following trauma, 
by age group, indicating “pseudostability of elderly.” (Reprinted from 
Lehmann et al. [42], Copyright 2009, with permission from Elsevier)
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Even the eureka moments that keep us energized as 
diagnosticians [43] may be “subtler and less electric” [44] in 
the elderly.

The clinician who understands that classic presentations 
of surgical disease occur in a minority of elderly patients will 
maintain the high index of suspicion needed to minimize 
delay in diagnosis.

Principle II: Lack of Reserve

The elderly handle stress satisfactorily but handle severe 
stress poorly because of lack of organ system reserve.

Functional reserve may be considered the difference 
between basal and maximal function (Fig. 3.4); it represents 
the capacity to meet increased demands imposed by disease 
or trauma. Although there is variability among individuals, 
this organ system reserve inexorably declines in one’s 
seventies, eighties, and nineties (Fig. 3.5). With excellent 
anesthetic and perioperative care the aged patient may 
tolerate the stress of even complex surgery – particularly if 
elective – but not the added stress of exceptional or emer-
gency surgery.

The elderly patient with lung cancer can undergo routine 
pulmonary lobectomy with results nearly indistinguishable 
from those of the general population [45, 46], but the added 
stress of concomitant chest wall resection leads to a disparate 
increase in risk. In Keagy et al.’s series [47] the one death 
and two of the three respiratory failures were in patients who 
underwent the en bloc chest wall resection. An elderly 
patient, entering the operating room with decreased chest 
wall compliance and strength and decreased elastic recoil as 
a baseline, may tolerate lung resection but lacks the reserve 
to tolerate an extended operation. Other researchers have 
reported increased mortality in septuagenarians and octoge-
narians following pneumonectomy, especially right pneumo-
nectomy or completion pneumonectomy [48–50]. Balduyck 
[51] reported that quality of life (QOL) returned to baseline 
following pulmonary lobectomy but not pneumonectomy in 
septuagenarians.

On the other side of the spectrum, more limited proce-
dures, such as video-assisted thoracic surgery, may decrease 
stress further by preserving respiratory muscle strength 
[52–55]. Yim [55] reported no deaths or pulmonary compli-
cations following thoracoscopic surgery in 22 patients over 
age 75, 5 with major resections; and Jaklitsch [53] found 
decreased mortality, length of hospital stay, and postoperative 

Fig. 3.4 Organ system functional reserve is the difference between 
maximal function and basal function; reserve declines with age 
(Reprinted from Muravchick [235] Copyright Elsevier 2000)

Fig. 3.5 Lack of reserve: with increasing age cardiac function is main-
tained at rest but not under stress. Linear regression at rest and during 
maximal cycle ergometry in healthy sedentary men (solid lines) and 

women (dotted lines). All subjects are healthy, community-dwelling 
volunteers screened to exclude hypertension and occult coronary artery 
disease (Reprinted from Lakatta with permission [236])
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delirium after 307 video-assisted procedures in patients aged 
65–90 compared to that associated with open thoracotomy. 
Video-assisted pulmonary lobectomy in half of a group of 
elderly lung cancer patients resulted in fewer complications 
(p = 0.04) and decreased length of stay (p < 0.001) compared 
to the half who underwent open (thoracotomy) lobectomy 
[56]. Patel et al. [57] reported shorter hospitalization and 
similar late outcomes following endovascular thoracic aortic 
procedures in patients greater than 75 years, compared to 
open procedures. Guller et al. [58] reported less morbidity in 
the elderly following laparoscopic appendectomy compared 
to open appendectomy.

Left ventricular functional reserve assumes critical impor-
tance in elderly patients undergoing cardiac surgery. In general, 
results in the elderly diverge from those of young age groups 
only in the worst functional classes. Bergus et al. [59], for 
example, found that length of stay following aortic valve 
replacement was significantly longer (p < 0.05) in septuagenar-
ians in New York Heart Association class IV but not in class III, 
compared to patients under age 70. Patients over age 75 in 
Salomon et al.’s large series [60] had significantly higher mor-
tality after coronary artery bypass grafting if they had suffered 
a myocardial infarction less than 3 weeks preoperatively com-
pared to more than 3 weeks (14.1 vs. 5.2%); there was much 
less difference in patients younger than age 75 (3.5 vs. 2.3%). 
When patients over age 70 undergo a third coronary reopera-
tion, only those in the worse Canadian Functional Class experi-
ence increased mortality, an increase not seen in young patients 
in a similar class [61]. Elayda et al. [62] reported that mortality 
for isolated aortic valve replacement in patients over age 80 
was acceptable (5.2%), but addition of concomitant procedures 
increased this figure significantly (27.7%).

Similar findings pertain to major abdominal surgery. 
Fortner and Lincer [63] found that the increased number of 
deaths among elderly patients undergoing hepatic resection 
for liver cancer were nearly all in the extended-resection 
group (i.e., extended right hepatectomy or trisegmentec-
tomy), among whom 60% of deaths were due to hepatic 
insufficiency. In another group of hepatic resections done for 
metastatic colon cancer, where cirrhosis and functional 
hepatic reserve are less important factors, there was no dif-
ference in mortality between young and old patients [64]. 
However, in Carino et al.’s [65] 181 liver resections for colon 
cancer metastases (patients aged 65–85), liver failure 
occurred only after resection of four or more segments and 
all but one death occurred after a major resection. Even the 
addition of common duct exploration to open cholecystec-
tomy significantly increased mortality in the elderly (3.5 vs. 
1.8%, p < 0.05) [66]. For some oncology cases (e.g., gastric 
cancer, lung cancer), a more limited operation in the elderly 
need not decrease survival [67–71] (Fig. 3.6).

The elderly can return to normal function after stressful 
operations (such as colectomy and hepatectomy), but after 

the most stressful operations (such as Whipple pancreati-
coduodenectomy) it will take longer [72] (Fig. 3.7). QOL 
following pneumonectomy in the elderly is worse than that 
after lobectomy [51].

With modern anesthetic and critical care management, an 
elderly patient can tolerate the stress of even complex opera-
tions. However, if the most extended procedures are contem-
plated, a comprehensive preoperative evaluation of functional 
reserve is recommended.

Principle III: Preoperative Preparation

Optimal preoperative preparation is essential because of 
Principle II. When preparation is suboptimal the periopera-
tive risk increases.

A patient’s advanced age is immutable but some factors 
can be improved preoperatively, with benefits in excess of 
those to a younger patient. No universal threshold of blood 

Fig. 3.6 Lesser resections need not compromise cancer survival: 
disease-free 5-year survival after pulmonary segmentectomy (solid 
line) or lobectomy (dashed line) in elderly patients (Reprinted with 
permission from Kilic et al. [71], Copyright Elsevier 2009)

Fig. 3.7 Return to Activities of Daily Living after major surgery (func-
tion returns rapidly after stressful operations but not the most stressful, 
speaking to lack of reserve) (Reprinted with permission from Lawrence 
et al. [72], Copyright Elsevier 2004)
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hemoglobin applies to every patient, but correction of 
anemia and dehydration do assume greater importance in the 
elderly because of their general lack of reserve and particu-
larly the physiology of the aged heart and kidney. Among the 
predictors of an overall good postoperative course in 
Seymour’s series of 288 elderly general surgery patients 
were a hemoglobin level of more than 11.0 g/dL and absence 
of volume depletion [73]. Bo et al. [74] found that hemoglo-
bin level was an independent predictor of 1-month mortality 
as well as length of stay in 294 elderly surgical patients. 
Contrary to this, Dzankic et al. found that routine blood test-
ing in the elderly surgical patient rarely showed abnormal 
results and even when abnormal did not correlate with 
adverse postoperative outcome [75].

Few would argue that pulmonary problems are among the 
most common perioperative complications in the elderly, in 
part due to decreased respiratory muscle strength. Nomori 
et al. [54] showed that following thoracotomy patients older 
than 70 years experience significant reductions in both maxi-
mum inspiratory and expiratory pressures, unlike their 
younger counterparts; this effect persists for 12 weeks 
(Fig. 3.8). Although few data exist to support the routine use 
of preoperative pulmonary conditioning or rehabilitation 
(Bobbio et al. [76] reported benefit but the number of patients 
was small), most authors strongly advocate smoking cessa-
tion [77] and treatment of bronchitis and reactive airways 
disease such as asthma [78, 79]. Prophylaxis against deep 
vein thrombosis (DVT) – clearly a risk in the elderly – [80] 
and against pulmonary embolism should be routine [81].

The value of preoperative optimization of cardiac func-
tion (e.g., via placement of a pulmonary artery catheter) is 
controversial. Some authors have shown clear benefit [82], 
whereas others [83, 84], citing methodologic flaws in the 

former studies, reported no reduction in perioperative 
morbidity or mortality. These studies do not include excep-
tionally high risk or very elderly patients, who could well be 
helped by such treatment. Another unsettled issue concerns 
the value of aggressive preoperative screening for coronary 
and carotid artery disease, particularly in patients scheduled 
for peripheral vascular surgery. Leppo [85] considered age 
over 70 as one of the several risk factors (the others being a 
history of angina, congestive heart failure, diabetes mellitus, 
prior myocardial infarction, and ventricular ectopy), which 
should trigger further cardiac assessment. Echocardiogram 
and dobutamine stress testing have been shown to bear incre-
mental value over clinical evaluation [86] (Fig. 3.9).

There is some evidence that performance testing may 
hold value. Maximal oxygen consumption (VO

2
 Max) tests 

may not be readily available in all hospitals, but reasonable 
surrogates – stair climbing [87, 88], shuttle walk [89], long 
distance corridor walk [90], and metabolic equivalent (MET) – 
have been shown to correlate. Weinstein [91] reported pro-
longed length of stay following thoracic cancer surgery in 
those patients with METs £4 (equating to calisthenics or 
walking briskly). The International Society of Geriatric 
Oncology has studied a standardized preoperative assess-
ment in elderly cancer patient; postoperative complications 
were associated with poor preoperative performance status 
and lower score on Instrumental Activities of Daily Livin,g 
but major complications correlated only with American 
Society of Anesthesiologists (ASA) Physical Status £2 [92] 
(Table 3.4). However, as Internullo et al. recently concluded, 
“a practical and reliable individual risk assessment tool is 
still lacking” [93].

Preoperative antibiotics are not necessary for every type 
of elective surgery, but researchers agree that advanced age 

Fig. 3.8 Postoperative changes in mean (a) maximum inspiratory 
pressure (MIP, percent of preoperative level) and (b) maximum expira-
tory pressure (MEP, percent of preoperative level) following pulmonary 

resection in 36 patients younger than 69 years (open circles) and 12 
patients older than 70 years (closed circles) (Reprinted with permission 
from Nomori et al. [54], Copyright Elsevier 1996)
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is a risk factor for nosocomial infection. Iwamoto [94] 
studied 4,380 patients who underwent general anesthesia for 
thoracic, abdominal, or neurologic surgery and concluded 
that advanced age is a risk factor for nosocomial pneumonia, 
especially after thoracic surgery. Age greater than 70 has 
been shown to be a risk factor for both positive bile cultures 
(p < 0.001) [95] and septic complications of biliary surgery 
compared to younger patients [96]; antibiotic prophylaxis 
can reduce these complications [97].

Efforts to improve our elderly patients’ preoperative nutri-
tional state would seem desirable – even active, community-
dwelling older adults manifest impaired recovery of strength 
after major surgery [98] – but it is unclear how to do this. 
Low levels of serum albumin, for example, correlate strik-
ingly with postoperative problems [99] (Fig. 3.10), but can-
not be improved to a great degree preoperatively. Souba 
[100] reviewed the literature on nutritional support and con-
cluded that preoperative support should be reserved for 
severely malnourished patients scheduled to undergo major 
elective surgery and then should be provided for no more 
than 10 days.

In addition to those already cited, a number of surgeons 
have attributed their improved results in elderly patients to 
compulsive preoperative preparation. Bittner et al. [101] 
believed that the significant decrease in mortality after total 
gastrectomy in septuagenarians (32.0% in 1979 to 4.4% in 
1996) was the result of standardized perioperative antibiot-
ics, thromboembolic prophylaxis, “a systemic analysis of 
risk factors and their thorough preoperative therapy,” and 

Fig. 3.9 Incremental value of echocardiogram and dobutamine stress 
echocardiogram (DSE) over clinical evaluation for prediction of cardiac 
events (a) and all-cause mortality (b) in the elderly (Reprinted from 
Biagini et al. [86] by permission of Oxford University Press)

Table 3.4 Univariate association between components of PACE with 
30-day morbidity (any and major complication) adjusted for age sex 
type and stage of cancer and severity of surgery

Components of PACE

Any complication
Major 
complication

RRa 95% CI RRa 95% CI

MMS abnormal (<24) 1.23 0.81–1.88 1.08 0.48–2.44
ADL dependent (>0) 1.41 0.95–2.10 1.87 0.95–3.69
IADL dependent (<8) 1.43 1.03–1.98 1.65 0.88–3.08
GDS depressed (>4) 1.30 0.93–1.81 1.69 0.93–3.08
BFI mod/severe fatigue (>3) 1.52 1.09–2.12 1.24 0.67–2.27
ASA abnormal (³2) 1.00 0.73–1.38 1.96 1.09–3.53
PS abnormal (>1) 1.64 1.07–2.52 1.97 0.92–4.23
Satariano’s index (1) 1.11 0.78–1.59 1.29 0.68–2.44
Satariano’s index (2+) 1.58 0.88–2.85 1.95 0.74–5.18
Components of preoperative assessment of cancer in the elderly (PACE); 
MMS mini mental status; ADL activities of daily living; IADL instrumen-
tal activities of daily living; GDS geriatric depression scale; BFI brief 
fatigue inventory; ASA American Society of Anesthesiologists Physical 
Status; PS Eastern Cooperative Oncology Group Performance Status
Source: Reprinted from Audisio et al. [92], Copyright 2008, with per-
mission from Elsevier
aBold italics: significant relationship (p < 0.05)

Fig. 3.10 Preoperative albumin level and major postoperative compli-
cations (From Kudsk et al. [99] Copyright © 2003. Reprinted by per-
mission of SAGE Publications)
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nutritional support for the malnourished. After studying 412 
patients who underwent pancreatic resection, Pratt [102] 
advocates gerontology consultation and intense preoperative 
preparation in those over age 75, including hyperalimenta-
tion and biliary drainage as indicated.

Hypovolemia is tolerated poorly by the elderly patient 
and it must be corrected. Smoking should stop. Treating 
other correctable aberrations such as anemia, bronchitis, and 
hypertension preoperatively increases the elderly patient’s 
chance for a smooth postoperative course.

Principle IV: Emergency Surgery

The results of elective surgery in the elderly are reproducibly 
good; the results of emergency surgery are poor though still 
better than nonoperative treatment for most conditions. The 
risk of emergency surgery may be many times that of similar 
elective surgery because of Principles II and III.

The results of elective surgery in the elderly are good, 
frequently indistinguishable from the results in younger 
counterparts [103–105]. Coyle et al. [106] reported the 
results of carotid endarterectomy in 79 octogenarians and 
summarized the results of five other series (634 total 
patients); mortality and morbidity were similar to those in a 
younger cohort. Maehara [107] had 0% operative mortality 
in 77 patients over age 70 who underwent resection of gastric 
carcinoma, and Jougon et al.’s [108] results for esophagec-
tomy in 89 patients aged 70–84 were identical to those in 451 
younger patients. Patients older than 80 years can tolerate 
profound hypothermic circulatory arrest for ascending and 
arch aortic surgery [109]. An octogenarian with lung cancer 
could anticipate mortality and survival after pulmonary 
lobectomy statistically identical to that of younger patients 
with similar stage disease [78, 103, 110–112].

Identical operations performed emergently in the elderly, 
however, carry at least a threefold (and as much as a 10-fold) 
increased risk [15]. Keller [113], for example, reported 31% 
morbidity and 20% mortality in 100 patients over age 70 
who underwent emergency operations, which is significantly 
more (p < 0.0005) than the 6.8% morbidity and 1.9% mortal-
ity following elective operation in 513 similar patients. 
Elective cholecystectomy can be performed in young and old 
with the risk of death approaching 0% [27, 114, 115]; the 
risk of mortality for emergency cholecystectomy increases 
somewhat in the younger group (1–2%) but increases greatly 
in the elderly (5–15%) [27]. Surgical priority clearly affects 
cardiac surgery risk [116, 117]. Elective operative mortality 
for colorectal surgery is as low as 1.5–3.0%, rising to over 
20% for emergency operation [118, 119].

A patient’s advanced age therefore weighs in favor of 
commencing rather than deferring needed elective surgery.

Principle V: Attention to Detail

Scrupulous attention to detail intraoperatively and periop-
eratively yields great benefit, as the elderly tolerate compli-
cations poorly (because of Principle II).

Perioperative blood loss is the bete noire of geriatric sur-
gery, as the elderly lack the responsive compensatory mecha-
nisms necessary to restore equilibrium. Fong [64] reported 
that the only independent predictor of postoperative compli-
cations in 138 patients over age 70 who underwent pancre-
atic resection was intraoperative blood loss exceeding 2 L. 
This finding has been mirrored in reports from cardiac sur-
gery [120], hepatectomy [121], and neurosurgery. Sisto [122] 
reported that 6 of 23 octogenarian coronary bypass patients 
who required reexploration for tamponade died; Logeais 
[123] found that reoperation for tamponade following aortic 
valve replacement placed the elderly patient at high risk for 
mortality (p < 0.001). Hemostasis is exceptionally important 
in the elderly craniotomy patient, possibly because the 
elderly brain is less likely to expand to obliterate dead space: 
Maurice-Williams et al. [124] reported that postoperative 
bleeding following resection of meningioma occurred in 
20% of 46 elderly patients and 0% of 38 young patients 
(p < 0.05). In Pratt’s series of pancreatic resection patients, 
intraoperative blood loss was termed the “primary driver of 
surgical performance; fittingly, it also represents the one fac-
tor (physiologic or operative) over which the surgeon has the 
most control” [102].

Prevention of infection is crucial in the geriatric surgical 
patient. Kaye [125], in a study of 1,352 elderly patients at 
Duke University Medical Center, reported nearly four times 
greater mortality in patients who developed surgical site infec-
tion versus those who did not. Older age has been found to be 
an independent predictor of mortality from Staphylococcus 
aureus bacteremia, with odds of dying doubling for every 
decade increase in age [126].

Meticulous surgical technique is important in any patient, 
but it becomes crucial in those of advanced age. Anastomotic 
leak after esophageal or gastric resection, a dreaded compli-
cation in any patient, embodies an exceptional risk of mor-
tality in the elderly [127]; yet this complication can be 
minimized by careful technique [128, 129]. Only one of 
Bandoh’s [130] elderly patients who underwent gastrec-
tomy for cancer experienced a leak, as did only 2 of 163 
patients over age 70 in Bittner’s series [101]. Despite having 
significantly greater preoperative comorbidity, the elderly 
patients undergoing gastrectomy in Gretschel’s series expe-
rienced no greater postoperative morbidity [68]. The elderly 
cardiac surgery patient may benefit from extra care when 
they have a calcified aorta (e.g., intraoperative ultrasound or 
modified clamping and cannulation technique) or a fragile 
sternum (e.g., additional or pericostal wires) [131]. Even 
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endotracheal intubation is riskier in the elderly [132]. 
Operative speed is less important than technique: in Cohen 
et al.’s series of 46 nonagenarians undergoing major proce-
dures [10], the duration of operation did not correlate with 
mortality.

Perioperative monitoring is more important in the elderly, 
since they may manifest few signs or symptoms of impending 
problems (see Sect. “Principle I: Clinical Presentation”). 
Bernstein [133] credits intensive hemodynamic monitoring 
in his lack of mortality among 78 patients over age 70 who 
underwent abdominal aortic aneurysmectomy. Such moni-
toring and intensive care were also emphasized by Alexander 
et al. [6], who reported excellent results for 59 octogenarians 
having major upper abdominal cancer operations, and by Lo 
et al. [134] for 85 elderly patients undergoing adrenal sur-
gery at the Mayo Clinic. As early as 1990 surgeons reported 
improved outcomes in elderly trauma patients with early 
invasive monitoring and early intensive management [135, 
136]. Giannice [137] credits attention to perioperative care 
(DVT prophylaxis, antibiotics, monitoring, respiratory care, 
pain management, and early mobilization) for his group’s 
improved recent results in gynecologic oncology patients.

The elderly patient undergoing lung resection, for example, 
might have reinforcement of vascular and bronchial closures 
in addition to compulsive hemostasis and minimization of 
parenchymal air leaks. He or she would be monitored post-
operatively. If she developed an atrial arrhythmia it would be 
aggressively treated; if he developed tracheobronchial secre-
tions he would promptly undergo therapeutic bronchoscopy.

Zingone et al. found that postoperative complications 
following cardiac surgery in 355 octogenarians were stron-
ger risk factors for mortality than either preoperative comor-
bidities or procedural variables. He noted that “the threshold 

for entering a complicated course may be lower and that for 
getting out of it higher for the elderly” [138].

We should continue to teach the surgical aphorism, 
“Elderly patients tolerate operations but not complications” 
(Table 3.5).

Principle VI: Age Is a Scientific Fact

A patient’s age should be treated as a scientific fact, not with 
prejudice. No particular chronologic age, of itself, is a con-
traindication to operation (because of Principle IV).

Great biologic variability exists among the elderly, with 
some octogenarians and nonagenarians proving to be health-
ier than their sons and daughters. Even an 88-year-old patient 
has a life expectancy exceeding 4 years [139, 140], so why 
not offer him resection of his lung cancer? No other treat-
ment is likely to give him those 4 years. Yet even in 2005 
this does not always happen: prejudice against the elderly, 
so-called “ageism” exists.

Despite the fact that elderly patients treated for lung cancer 
have survival equal to their younger matched counterparts, 
Nugent et al. [141] found that patients older than 80 years were 
significantly less likely (p < 0.05) to be treated surgically. Kuo 
et al. [142] similarly reported that octogenarian patients with 
lung cancer were more likely (p < 0.01) to receive only pallia-
tive care; when offered chemotherapy they tolerate it [143].

Feasibility of mitral valve repair for degenerative etiology 
in the elderly is similar (93%) to younger counterparts [144] 
and, despite a relatively high operative mortality (23%), 
survivors experience a markedly improved QOL [145] 
unless burdened by many preoperative conditions [146]. 
Nevertheless, mitral valve surgery is often denied in these 
individuals: in the Euro Heart Survey on valve disease the 
decision to operate was undertaken in 42% of patients aged 
70–79 and 15% of patients older than 80 years [147].

Elderly patients with ovarian cancer are less likely to 
undergo aggressive chemotherapy and surgery [148, 149] 
despite results equal to the young [150]. Older patients with 
osteosarcoma are less likely to have limb salvage (56 vs. 
90% in younger population) or chemotherapy [151]. Older 
women with breast cancer are less likely to have had screen-
ing mammograms [152, 153], are more likely to present in 
advanced stages than younger women [153], and are less 
likely to undergo definitive local therapy [154] and adjuvant 
therapy; [155] once diagnosed and offered surgery, they tol-
erate it well [156, 157].

Guadagnoli [158] presented evidence against ageism in 
the treatment of early breast cancer, but Herbert-Croteau 
et al. [159] found that only tamoxifen use was similar in 
women over and under age 70 (p < 0.41), while all other 

Table 3.5 Importance of postoperative complications in failure of 
octogenarians to return to normal function following major abdominal 
surgery

Multivariate analysis of failure to retum to premorbid function

All cases Odds ratio 95% CI

Emergency operation 2.7 0.99–7.24
ASA III or IV 1.0 0.29–3.56
Comorbidity index >5 1.8 0.48–6.66
Dependence on activities of daily living 1.8 0.42–7.73
Preexisting cardiac disease 1.9 0.69–5.44
Preexisting chronic pulmonary disease 2.0 0.54–7.47
Preexisting cerebrovascular disease 2.0 0.43–9.06
Development of postoperative 

complications
24.5 3.08–194.88

Elective cases only comorbidity index >5 11.2 1.08–116.26
Development of postoperative 

complications
10.6 3.08–194.88

Source: Reprinted from Tan et al. [127], with permission from Springer 
Science+Business Media
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treatments (breast-conserving surgery, radiotherapy, axil-
lary node dissection, and chemotherapy) differed signifi-
cantly (p < 0.0001). When elderly patients do receive 
chemotherapy for breast cancer, they tolerate it [160] and 
they benefit from it [161, 162]. Even multiagent therapy is 
feasible in octogenarians with various cancers [163].

In a 2007 editorial, Siu [164] concluded that “ageism is 
probably the greatest impediment to the enrollment of older 
patients in trials for cancer therapy.”

Elderly patients with colon cancer are less likely to 
undergo extensive lymph node dissection (p < 0.0001) [165] 
and less likely to receive chemotherapy [166, 167] (Fig. 3.11) 
Few patients with severe osteoarthritis of knee or hip reported 
that their primary care physician discussed joint replacement 
[168]. Selection bias in the elderly may also lead to delay in 
referral for abdominal aortic aneurysm surgery [169] and 
coronary artery bypass surgery [170].

Even when trauma is recognized and acknowledged by 
emergency medical services, “providers are consistently less 
likely to consider transporting elderly patients to a [desig-
nated] trauma center” [171].

Some studies do report increased operative mortality [15, 
172–174] (Fig. 3.12), increased complications [120, 174, 175] 
(Fig. 3.13), and increased lengths-of-stay in the elderly [176–
180], but overall results do not differ from the young for a 
wide variety of procedures: neurosurgery [124, 181], head 
and neck surgery [37, 182–184], carotid endarterectomy 
[185–188], cardiac surgery [62, 131, 170, 189–193], esophagec-
tomy [93, 108, 128, 194–196] (Fig. 3.14), gastrectomy [6, 107, 

Fig. 3.11 Use of adjuvant therapy by patient age in patients with 
resected pathologic stage II–III rectal cancer (Tx therapy); asterisk: 
compared to patients aged less than 45, p < 0.001 (Reprinted from 
Esnaola et al. [167] with permission from Springer Science+Business 
Media)

Fig. 3.12 Linear logistic regression analysis of mortality rate by age as 
a continuous variable for all in-hospital deaths and any death within two 
months of esophagectomy (Reprinted with permission from Moskovitz 
et al. [173], Copyright Elsevier 2006)

Fig. 3.13 Early postoperative neurologic complications after coronary 
artery bypass surgery and valve surgery in octogenarians (RIND revers-
ible ischemic neurological deficit) (Reprinted from Ngaage [120] 
Copyright 2008, with permission from Elsevier)

Fig. 3.14 Esophagectomy following neoadjuvant chemoradiation. 
Kaplan–Meier survival curves (including postoperative deaths) plot-
ted for patients age <70 versus ³70 years (Reprinted from Ruol et al. 
[196], with permission from Springer Science+Business Media)
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197, 198] (Fig. 3.15), colectomy [199–201] (Fig. 3.16), 
hepatectomy [64, 121, 202–205] (Fig. 3.17), pancreaticoduo-
denectomy [64, 206, 207], radical hysterectomy [208], total 
knee/hip replacement [209–211], microvascular free tissue 
transfer [212], cardiac transplant [213], lung transplant [214], 
endovascular surgery [215, 216], gastric bypass [217], laparo-
scopic colectomy [218], and hernia [219]. Return to preopera-
tive QOL is gratifying after elective surgery for gastric or 
colorectal disease [220], joint replacement [211], thoracic 
aneurysm [221] (Fig. 3.18), lung resection [222, 223] (Fig. 3.19), 
and aortic valve replacement [224, 225] (Fig. 3.20).

For most patients, general medical condition and associ-
ated medical problems (Fig. 3.21) are more important than 

age. Dunlop et al. [226] studied 8,889 geriatric surgical 
patients in Canada and concluded that severity of illness on 
admission was a much better predictor of outcome than was 
age; Akoh et al. [227] had similar findings in 171 octogenar-
ians undergoing major gastrointestinal surgery. Comorbidities 
were a greater influence on survival than age in several series 
of elderly patients with lung cancer [45, 46, 228]. Mehta 
et al. [229] reported that separation of mitral valve replace-
ment patients into low, medium, and high risk medical groups 
was more important than stratification by age within these 
three groups. Within the ASA Physical Status system [230], 
the ASA status influences results more than age (Fig. 3.22). 
Bo reported that “the ASA score remains an excellent 

Fig. 3.15 Surgical outcome in elderly (³75 years) and middle-aged 
(45–65 years) patients with gastric cancer (Reprinted from Kunisaki 
et al. [198], Copyright 2006, with permission from Elsevier)

Fig. 3.16 Cancer-specific survival of elderly and younger patients 
treated for mid to distal colorectal cancer (p = 0.061), n = 612 (Reprinted 
with permission from Law et al. [201])

Fig.   3.17 Hepatic resection for hepatocellular carcinoma. Postoperative 
survival (Kaplan–Meier curves) of elderly and younger patients 
(Reprinted with permission from Kondo [205])

Fig. 3.18 Return to normal functional activity after thoracic aneurysm 
repair depending on age: <70 years (solid circles) and ³70 years (open 
circles); n = 110 (Reprinted with permission from Zierer [221], Copyright 
Elsevier 2006)
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predictor of mortality in older surgical patients” [74]. For 
elderly patients undergoing surgery for cancer, the stage of 
the malignancy also influences outcome more than age [46, 
231–234].

Many geriatric surgery patients, including nonagenarians, 
have survival rates equal to those expected in the general 
population; even the sobering results of emergency surgery 
in the elderly are better than the results of nonoperative treat-
ment for the same conditions. A patient’s age should there-
fore be considered but not feared.

Conclusion

Surgical problems abound in the elderly and the numbers of 
elderly are increasing worldwide. Surgeons must become 
students of the physiologic changes that occur with aging 
and, guided by a few general principles, apply this knowl-
edge to daily clinical care. The results of surgery in the 
elderly do not support prejudice against advanced age. 

Fig. 3.20 Scores for the domains of the Medical Outcomes Survey 
Short-Form 36 Health Survey following aortic valve replacement in 
octogenarians; biologic (open boxes) and mechanical (filled boxes) 
valve prostheses; n = 345 (Reprinted with permission from de Vincentiis 
et al. [224], Copyright Elsevier 2008)

Fig. 3.21 Mean number of medical risk factors by age in a population 
(n = 7,696) of surgical patients (Reprinted with permission from 
Turrentine et al. [15], Copyright Elsevier 2006)

Fig. 3.19 Quality of life (QOL) after pulmonary lobectomy. Mean QOL domain scores plotted as a function of survey time (Reprinted from 
Burfiend et al. [223], Copyright 2008, with permission from Elsevier)
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We owe it to our elders to become good geriatric surgeons 
and in so doing we will become better surgeons to patients of 
all ages.
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Abstract Although patients aged 65 and over represent 
about 13% of the US population, they account for 40% of 
those undergoing surgical procedures in American hospi-
tals. Due to the increased likelihood of comorbidities, older 
patients also represent a higher rate of postoperative com-
plications that influence morbidity and mortality following 
major surgery. These problems have led to the development 
of several geriatric models of care across all health care 
settings. This chapter provides a brief overview of com-
plications that are more frequently found in older patients, 
care delivery issues that are addressed by geriatric models 
of care, and a description of the most commonly employed 
hospital models.

Keywords Geriatric • Aging • Health services for the aged 
• Nursing

Introduction

Models of care addressing the unique needs of older hospi-
talized patients can be traced to the comprehensive geriatric 
assessment (CGA) programs first developed in the 1970s [1]. 
CGA programs screen older patients at high risk for geriatric-
specific problems, assess for modifiable risk factors, and 
implement evidence-based strategies consistent with the 
patient’s treatment goals. Over the last 30 years changes in 
the health care system, coupled with the increasing older 
adult population, have led to the development of several geri-
atric models of care across all health care settings. In gen-
eral, the goals of these geriatric models of care in the hospital 
focus on [1] the prevention of complications that occur more 
commonly in older adults and [2] address hospital factors 
that contribute to complications. This chapter provides a 

brief overview of complications that are more frequently 
found in older patients, care delivery issues that are addressed 
by geriatric models of care, and a description of the most 
commonly employed hospital models.

Complications of Older  
Hospitalized Patients

Although patients aged 65 and over represent about 13% of 
the US population, they account for 40% of those undergoing 
surgical procedures in American hospitals [2]. Newer surgi-
cal approaches will increase the numbers of older patients 
receiving cardiac surgery. For example, recent studies have 
demonstrated that older patients with valvular heart disease 
can benefit from valve surgery with an improvement in qual-
ity of life, and referral should not be delayed until the patient 
develops heart failure [3, 4]. Based on recent ACC/AHA 
guidelines [5], the number of elderly patients referred for 
valve surgery is likely to increase for the symptomatic and 
asymptomatic patient with left ventricular dysfunction, and 
many older patients may benefit as much as younger patients 
from cardiac surgery. These numbers have prompted some to 
ask if cardiac surgery is now a geriatric specialty [6].

In addition to the high proportion of older patients, the 
most troublesome finding is that older patients also represent 
a higher complication rate for certain conditions which subse-
quently lead to higher health care costs. Age may be viewed 
as a proxy for multiple chronic diseases. Postoperative com-
plications that are known determinants of short- and long-term 
survival following major surgery such as myocardial infarc-
tion and sepsis are associated with age due to the increased 
likelihood of comorbidities such as cardiac disease [7].

Older adults are more likely to experience additional 
types of complications that, in addition to reducing survival, 
can result in loss of independence and lead to hospital read-
mission, increased usage of rehabilitation services, and new 
placement in a nursing home. Physical frailty and cognitive 
impairment [8, 9] (either chronic dementia and/or delirium) 
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can further compound an older person’s vulnerability to 
complications during hospitalization [10]. Frailty refers to 
“decreased reserves in multiple organ systems” [11] that is 
highly associated (after controlling for age, race, sex, and 
comorbid illness) with an increased risk for falls, cardiovas-
cular disease, hypertension as well as reduced mobility, 
decreased functional status, institutionalization, and death 
[12, 13].

Persons with dementia are more prone to negative out-
comes related to disease management and hospitalization. 
Older patients with dementia hospitalized for exacerbation of 
a chronic disease have significantly longer lengths of hospital 
stays (LOS) as compared to older patients without dementia. 
For example, the LOS of older patient with COPD is  

121 days/1,000 persons as compared to older patients with 
both COPD and dementia, who have a LOS of 361 days/1,000 
persons [14]. For those who develop delirium (for both those 
with and without an underlying chronic dementia) during 
hospitalization, increased LOS and higher hospital costs are 
well documented [15]. The complex challenges of those adult 
patients with cognitive impairment are often not adequately 
addressed. Table 4.1 provides examples of common behav-
iors of cognitively impaired persons that can lead to 
complications.

Although geriatric models of care can improve the overall 
outcomes and experiences of hospitalization, in general, 
these programs are designed to target those adverse events 
that occur more commonly in older patients. Table 4.2 

Table 4.1 Behaviors of cognitively impaired patients contributing to high complication rate

Behaviors Example Potential complication

Inability to follow 
directions

Does not use call bell to ask for assistance and 
gets out of bed without needed assistance

Fall-related injury

Removal of treatments Pulls out central lines Hemorrhage
Infection
Physical restraints and associated complications

Not able to communicate 
needs

In pain but not able to verbally communicate 
this to nurse

Functional decline

Wandering Leaves unit and exits hospital in gown Hypothermia
Other injuries
Use of physical and chemical restraints that increase likelihood 

of delirium, falls, fall-related injury, and nutritional problems
Misinterprets visual and 

auditory cues
Resists staff attempts to assist the patient to 

get out of bed which is perceived as an 
assault and then hits staff

Agitation-related injury
Overuse of psychoactive medication that increase likelihood of 

delirium, falls, and fall-related injury
Decreases inhibition of 

inappropriate 
behaviors

Removes clothing and walk down hallway 
nude

Agitation-related injury
Overuse of psychoactive medication that increases likelihood of 

delirium, falls, and fall-related injury
Source: Data from Silverstein N, Maslow K, editors. Improving hospital care for persons with dementia. New York: Springer; 2006. p. 3–22, cited 
in Maslow [14]

Table 4.2 Complications in the older surgical patienta

Complication Hospital factorsb Clinical outcome Cost implications

Functional 
decline

Immobility
Bed rest without medical/surgical 

indication
Physical restraint
Inappropriate medication prescribing
New psychoactive drug use
Obstacles in the hospital physical 

environment

Reduced/loss of independence in function 
(activities of daily living (ADL))

Reduced/loss of ambulation
Pain
Increased rate of pressure ulcers, falls, 

fall-related injuries, and development 
of contractures

Longer length of stay (LOS)
Increased rate of institutional or 

home-based rehabilitation
Nursing home placement

Fall-related 
injury

Immobility
Physical restraint
Inappropriate medication prescribing
New psychoactive drug use
Obstacles in the hospital physical 

environment

Pain Medicare will not pay for treatmentc

Surgery
Longer LOS
Institutional or home-based 

rehabilitation
Nursing home placement

Fracture requiring surgical intervention
Reduced/loss of independence in 

function (ADL)
Reduced/loss of ambulation

(continued)
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Complication Hospital factorsb Clinical outcome Cost implications

Under/
malnutrition

Immobility Reduced wound healing Longer LOS
Surgery
Institutional or home-based enteral 

nutrition therapy

Inattention to oral care
Lack of feeding assistance for those 

with physical or cognitive 
impairments

Discomfort due nasogastric tube 
placement

Percutaneous enteral access procedures 
(gastrostomy)

Delirium
Physical restraint to prevent tube removal
Aspiration
Functional decline

Pressure ulcer Immobility Immobility Medicare will not pay for treatmentb

Physical restraint Sleep deprivation Longer LOS
Under/malnutrition Pain Institutional or home-based skilled 

nursing treatmentDehydration Sepsis
Septicemia
Surgical debridement
Surgical techniques (direct closure, flaps, 

and skin grafting)

Urinary tract 
infection 
(UTI: 
secondary 
to catheter 
use or 
CAUTI)

Emergency room placement without 
indication

Immobility
Pain
Delirium
Acute pyelonephritis
Bacteremia
Sepsis
Prosthetic joint infection
Higher risk for death

Medicare will not pay for treatmentb

Longer LOS
RehospitalizationIncontinence treatment

No post-surgical monitoring of 
catheter use

Delirium Physical restraint Functional decline Longer LOS
Inappropriate medication prescribing Persistent cognitive impairment Rehospitalization
New psychoactive drugs Falls, injuries Nursing home placement
Urinary cathetherization Undetected infection Death
CAUTI Sleep deprivation
Immobility
Under/malnutrition
Dehydration

a Geriatric syndromes refer to “clinical conditions in older persons that do not fit into discrete disease categories.” This may also include other 
conditions highly associated with aging such as frailty, sleep disorders, self-neglect. For the purpose of this review, these syndromes and potential 
complications are more narrowly defined
b Hospital factors. There is a myriad of patient and hospital factors that contribute to each complication; however, this list provides examples of 
those specific hospital practices that place the older adults at high risk and which are the focus of geriatric care model interventions
c As of October 2008, hospitals do not receive payment for eight hospital-acquired conditions; three of these eight indicated in the table are com-
plications known to occur most frequently in older inpatients and have been found to be reduced when geriatric models of care are employed 
(fall-related injury, pressure ulcer, and catheter-associated urinary tract infection (CAUTI))

Table 4.2 (continued)

provides a summary of these complications and the clinical 
and cost outcomes associated with these complications. 
These complications are often referred to as “geriatric syn-
dromes” which refer to “clinical conditions in older persons 
that do not fit into discrete disease categories” [16].

A US congressional mandate instituted on August 1, 
2007, significantly changed the Inpatient Prospective 
Payment System that the Centers for Medicare & Medicaid 
Services (CMS) use to reimburse hospitals [17–19]. As of 
October 2008, hospitals do not receive payment for eight 
hospital-acquired conditions; three of these eight are com-
plications that are known to occur most frequently in older 

inpatients and have been found to be reduced when geriatric 
models of care are employed [20]. These three complica-
tions (fall-related injury, pressure ulcer, and catheter-asso-
ciated urinary tract infection (CAUTI)) are among the six 
adverse events or complications specifically associated with 
hospitalization of older adults. Although there are other 
geriatric syndromes (e.g., incontinence) and other potential 
complications associated with older inpatients (e.g., sleep 
deprivation, inadequate pain management, dehydration, 
and adverse drug effects), many of these syndromes and 
complications are either risk factors or outcomes of the 
following.
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Functional Decline

Functional decline refers to the loss of the ability to perform 
basic activities of daily living (ADL). A systematic review of 
30 studies examining correlates of functional decline found 
that between 15 and 76% of hospitalized elders experience 
diminished performance in at least one ADL at discharge 
[21]. Of those with decline at discharge, only half will recover 
function at 3 months post-discharge, and, for many, this 
decline will result in permanent loss of independent living 
[22]. Functional decline is considered a “profound marker of 
morbidity and mortality” [23] resulting in longer lengths of 
stay, greater costs, and increased rate of nursing home place-
ment [24].

Although an increasing number of patients over 70 years 
old are undergoing cardiac surgery with acceptable morbid-
ity and mortality rates, those undergoing traditional cardiac 
surgery are more likely to experience a prolonged recovery 
and are unable to return home immediately due to poor func-
tional status outcomes [25, 26]. New technologies in cardiac 
surgery can reduce the likelihood of functional decline 
among older cardiac patients. For example, minimally inva-
sive valve surgery (MIVS) has increased in the last decade 
due to the need to reduce overall surgical trauma, lessen 
complications, shorten the length of hospital stay, and 
improve patient recovery. In comparison to traditional ster-
notomy, studies have demonstrated that MIVS results in 
comparable morbidity and mortality, similar bypass and 
cross-clamp times, fewer blood product transfusions, less 
postoperative pain, and decreased length of hospital stay [27, 
28]. The results of a study of 44 heart failure patients  
65 years or older undergoing MIVS (both aortic and mitral) 
at New York University Langone Medical Center indicated 
fewer postoperative complications, a shortened hospital stay, 
and a decreased need for inpatient cardiac rehabilitation [29]. 
More importantly, the older MIVS patients exceeded their 
preoperative baseline New York Heart Association (NYHA) 
functional status by the sixth week. The study also utilized 
the Inventory of Functional Status in the Elderly (IFSITE) 
[30] measurement to assess specific instrumental ADL (e.g., 
shopping, laundry) patients were able to perform after under-
going MIVS. All the patients resumed these activities by  
6 weeks and most patients demonstrated an improvement of 
greater than 10% from baseline to 6 weeks. Most notably, the 
percentage of patients who were able to perform exercise 
increased from 27.3% at baseline to 93.2% at 6 weeks and 
meal preparation increased from 59.1% at baseline to 84.1% 
at 6 weeks. These results are in contrast to studies of tradi-
tional sternotomy patients that report that functional status 
did not return to the preoperative baseline level at 6 weeks 
and many did not recover functional status even at 6–12 
months following cardiac surgery [31].

Fall-Related Injury

Roughly 2–5% of older adults fall during hospitalization [32]. 
The number of falls per 1,000 patient days is highest in hospi-
tal units admitting mostly older adults such as geropsychiatry, 
rehabilitation, and geriatric medicine. Among hospitalized 
older adults, falls from bed account for approximately one-
third of all falls. Almost one-third of all fall-related injuries 
occur among persons 85 years of age or older. Approximately 
3–10% of falls happening in hospitals result in either serious 
or minor injuries [33]. Hip fractures, occurring in about 1–4% 
of hospital falls, are particularly significant because older 
adults are more likely to suffer from a substantial decline in 
physical functioning and often require longer periods of active 
rehabilitation services as compared to younger persons [34].

Under/Malnutrition

Undernutrition and malnutrition are deficiency syndromes 
caused by inadequate intake or absorption of macronutrients. 
Malnutrition has long been associated with important adverse 
outcomes, such as increased morbidity and mortality and 
decreased quality of life. Weight loss and hypoalbuminemia 
are both strongly correlated with increased mortality in ill 
adults [35]. Body weight and body composition have impor-
tant implications for physical functioning of older persons, 
and the prevalence of malnutrition in older hospitalized 
patients has been estimated to be between 40 and 60% [36].

Pressure Ulcers

Pressure ulcers continue to present a major health problem for 
hospitalized adults with reported nosocomial incidence rates 
between 0.4 and 38% [37]. Pressure ulcers are highly correlated 
with age [38]. At least a fifth of pressure ulcers will progress to 
a more advanced stage of deterioration. Most ulcers develop in 
the sacrum and coccyx areas with rates higher in patients with 
mobility impairment. Pressure ulcers remain a major cause of 
morbidity and are associated with longer LOS. Nosocomial 
pressure ulcers and their progression in severity during hospi-
talization have been used as a quality care indicator [39].

Urinary Tract Infection

Approximately 4% of patients with urinary tract infection 
(UTIs) will develop bacteremia which is known to signifi-
cantly increase in length of stay and is associated with higher 
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mortality in older patients [40]. The major care-associated 
practice leading to UTI in older inpatients is the overuse of 
urinary catheters, defined as catheter use for longer than 
2 days [41]. CAUTI is the most common nosocomial infec-
tion [42]. A study using a random sample of almost 36,000 
Medicare patients undergoing major operations from 2,965 
US hospitals reported that 86% had perioperative indwelling 
urinary catheters and among these 50% had catheters for lon-
ger than 2 days postoperatively. These patients’ risk of devel-
oping a UTI was twice as likely compared to patients with 
catheterization [43]. Among another sample of approxi-
mately 39,000 Medicare patients undergoing major surgery 
who were discharged to a nursing home found that those 
patients discharged with catheters were at higher risk for 
rehospitalization for UTI and death within 30 days than 
patients who did not have catheters [44]. In addition to infec-
tion, catheter use is associated with immobility, delirium, 
and pain [45].

Delirium

Delirium, a transient state of cognitive impairment, may 
develop in both cognitively intact and impaired older adults. 
It is estimated that between 14 and 24% of older persons are 
admitted to the hospital with delirium, and an additional 
6–56% of hospitalized elders will develop delirium during 
their hospitalization replace especially if they are admitted to 
an ICU [46]. Postoperative delirium is more likely to occur 
following hip fracture, cardiac, non-cardiac thoracic, aortic 
aneurysm, and abdominal surgery. Postoperative delirium is 
more likely in those deemed vulnerable. Patient vulnerability 
including presence of previous brain pathology, decreased 
ability to manage change, impaired sensory function, 
multiple comorbidities, and changes in pharmacodynamic 
responses to medications are all suggested possible causes 
for delirium. In surgical patients, both preoperative (use of 
narcotic analgesics, history of alcohol abuse, and depression) 
and perioperative (greater intraoperative blood loss, more 
postoperative transfusions, postoperative hematocrit less 
than 30%, and severe postoperative pain) risk factors have been 
identified for delirium postoperatively [47]. Additionally, 
hospital practices that lead to iatrogenic events including use 
of physical restraints, malnutrition, more than three medica-
tions, and urinary catheterization are also significantly asso-
ciated with delirium [48]. There are no significant differences 
in incidence of postoperative delirium following general ver-
sus epidural anesthesia.

Despite high incidence, most delirium goes undetected 
[49, 50], thus contributing to many negative consequences. 
Delirium is associated with poor hospital outcomes such as 

higher mortality rates, increased length of hospital stay, increased 
intensity of nursing care, greater health care costs as well as 
increased risk of several adverse outcomes after discharge, 
including functional decline, persistent cognitive impairment, 
rehospitalization, and nursing home placement [51].

The occurrence of each of these complications leads to 
interventions that can often prolong the hospital stay. 
Following hospital discharge, they frequently contribute to 
death, institutionalization as well as disproportionately high 
rehospitalization rates, high emergency department usage, 
and increased need for rehabilitation therapy services. As 
illustrated in Table 4.2, the interrelationships among these 
various complications during hospitalization are obvious 
and also well documented [12]. The data supporting the 
importance of prevention, early detection, and treatment of 
these complications in older surgical patients are described 
in the ACOVE (Assessing Care of Vulnerable Elders) 
report, Quality Indicators for Hospitalization and Surgery 
in Vulnerable Elders [52].

Although patient characteristics, especially multiple 
comorbidities, frailty, and cognitive impairment, may increase 
vulnerability of older inpatient to negative consequences, the 
hospital environment plays an independent and significant 
role in determining staff practice and subsequent patient out-
comes such as iatrogenic complications. This has led to the 
development of geriatric models to address these hospital-
based or institutional factors that are likely to contribute to 
complications among older patients. Effective resolution of 
these negative consequences is dependent on geriatric models 
that target both patient and environmental (institutional) risk 
factors.

Geriatric Care Model Objectives

Although geriatric models of care differ in their approach to 
prevent complications and address care delivery problems 
that can contribute to complications, all share a common set 
of general objectives. Although these objectives could be 
applied to any patient regardless of age, it is how geriatric 
care models apply these that are age-specific. Table 4.3 pro-
vides examples of processes and interventions to meet these 
six general objectives.

The six general objectives of geriatric care models are:

Educate health care providers in core geriatric principles. The 
complications most frequently encountered among older 
patients are often due to system-level problems. These 
include inadequate educational preparation of health care pro-
viders to recognize age-specific factors that increase risk of 
complications. All geriatric care models require a coordinator 
or clinician with advanced geriatric education; however, the 
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implementation of any model depends on direct care staff 
with the knowledge and competencies to deliver safe and 
evidence-based care to older patients. Thus, the coordinator 
or other geriatric clinician role includes teaching of 
other staff through rounds, journal clubs, conferences, 
and other internal institutional educational venues.

Target risk factors for complications. Given the dispro-
portion of certain complications or geriatric syndromes 

among hospitalized older adults, the clinical focus of all 
geriatric models is prevention via risk factor reduction and 
early detection of these problems. Some models may focus 
on a particular syndrome; however, the interrelationship of 
these complications and their shared risk factors often result 
in a reduction of the other geriatric syndromes. Targeting 
risk factors requires standardized assessment tools known to 
be valid and reliable for older adults. See the Hartford 
Institute’s Try This and How to Try This series for examples of 

Table 4.3 Geriatric care models: objectives, processes, and interventions

Objective Examples of processes Examples of interventions

Educate health care 
providers in 
core geriatric 
principles

Resident training includes required geriatric rotation 
or mandatory geriatric rotation for residents

Institutional continuing education includes 
geriatric-specific training or geriatric-specific 
interdisciplinary continuing education programs

Geriatric specialist responsible for geriatric training 
initiatives

Hospital intranet includes geriatric programming
Journal club includes geriatric journals and/or articles 

focusing on geriatric outcomes
Medical, surgical, nursing, and interdisciplinary rounds 

include geriatric case studies

Target risk  
factors for 
complications

Policies, protocols, and documentation system 
includes assessment tools and practices that 
identify older adults at risk for complications

Assessment tools prompt providers to consult 
geriatric specialists for evaluation of high risk 
problems

Geriatric specialist provides individual evaluation of 
risk factors

Electronic medical record (EMR) provides alerts for medica-
tions prescribed that are known to increase fall risk

EMR prompts providers to document daily cognitive testing 
results

Hospital policy for daily cognitive assessment of at-risk patients
Cognitive assessment indicates delirium that leads to geriatric 

specialist consultation

Incorporate patient 
(family) choices 
and treatment 
goals

Policies and protocols support and documentation 
system includes forms that elicit patient choices 
as well as family involvement in care

Geriatric nurses are prepared to coordinate an 
interdisciplinary evaluation and promote 
development of informed patient/family 
treatment goals and plan of care

Palliative care is consulted and provides informed 
choices to patients/families in situations of 
life-threatening illness

Admission history includes evaluation of patient’s preferences 
for post-discharge rehabilitation

Unlimited visiting hours and bedside recliners encourage family 
participation in recovery

Patient and family preferences for type and degree of family 
involvement is documented

Patient with Alzheimer’s disease who is unable to verbally 
indicate needs is evaluated by palliative care specialist for 
pain evaluation/treatment

Employ evidence-
based 
interventions

Policies and protocols integrate geriatric-specific 
implications

Education and training for all clinicians include core 
geriatric content

Hospital protocol for urinary catheter removal within 2 days 
post-surgery

Unit-based mobility program
Physical environment reduces injury risk for non-ambulatory 

patients with dementia such as low-height beds and bedside 
mats

Promote inter-
disciplinary 
communication

Medical record facilitates patient information across 
disciplines

Processes in place to encourage face-to-face 
interaction among disciplines

Unit-based and hospital wide committee includes 
geriatric specialist representation

Interdisciplinary team rounds held bi-weekly
Programmatic initiatives include all applicable disciplines, e.g., 

physical and occupational therapy in unit-based mobility 
program

Comanage patients across specialties such as geriatric oncology
Collaborate with other programs such as palliative care in 

providing symptom management

Emphasize 
discharge 
planning or 
transitional care

Documentation system provides comprehensive 
hospital course information to primary care 
provider and other post-discharge providers 
(home care, nursing home, etc.) as well as elicits 
pertinent information from other providers

Patient and caregiver receive comprehensive documentation of 
hospital treatment, changes in treatment plan, and post-
discharge instructions

Understanding of instructions is evaluated before discharge
Phone follow-up post-discharge to evaluate patient condition 

and needs
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assessment instruments (http://www.hartfordign.org/trythis). 
Implementation of geriatric care models often includes insti-
tutionalizing these practices such as incorporating these tools 
in the medical record as well as hospital policies, procedures, 
and protocols.

Incorporate patient (family) choices and treatment goals. All 
health care decision should be guided by the patient’s choices. 
Choices range from decisions about activity level and medica-
tion use to more complex issues including advance directives. 
Decisions regarding life-sustaining treatment are often influ-
enced by quality of life considerations balanced by the potential 
length of life. For family members acting in the best interests of 
patients who can no longer participate in decision making, this 
can be a complicated dilemma. Life-sustaining treatments are 
often employed with very old patients who die in the course of 
hospitalization although most prefer comfort care. Geriatric 
models are meant to address this lack of congruence by support-
ing efforts to provide care that is more consistent with patients’ 
preferences [53]. For this reason, many geriatric models work 
collaboratively or in conjunction with palliative care programs.

Employ evidence-based interventions. Given that most physi-
cians, nurses, and other health providers have received minimal 
content in their training regarding geriatrics, it is not surprising 
that there is a higher complication rate for older hospitalized 
patients. Advances in geriatric science, similar to other research-
based approaches, are not readily employed in hospital care. 
Problems with polypharmacy, inappropriate medications 
(e.g., overuse of psychoactive), overuse of restraints, inade-
quate detection of delirium, depression, and undermangement 
of pain are some of the many hospital factors that can contribute 
to poor outcomes. Thus, geriatric models promote the use of 
standardized evidence-based protocols.

Promote interdisciplinary communication. Since geriatric 
syndromes are not just medical problems but represent a 
complex interaction of medical, functional, psychological, and 
social issues, other disciplines such as nursing, pharmacy, 
social work, physical, and occupational therapy are needed. 
Geriatric care models all include interdisciplinary teams, i.e., 
an approach that facilitates communication among disciplines.

Emphasize discharge planning (or transitional care). Many 
older patients will require rehabilitation or skilled nursing 
services following hospitalization. Almost a quarter of older 
hospital patients are discharged to another institution such as 
a rehabilitation hospital or nursing home and more than 10% 
are discharged with home care [54]. Older adults are more 
likely to experience problems associated with discharge 
planning that can lead to delays in discharge and greater use 
of emergency service use and hospital readmission. Hospital 
readmission for older patients is most likely associated with 
medical errors in medication continuity [55, 56], diagnostic 

workup, or test follow-up [57]. These poor outcomes are 
attributed to a lack of coordination among health care pro-
viders that can result in unresolved medical issues [58] and 
deficient preparation of patients and their caregivers to carry 
out discharge instructions [59]. One study found wide varia-
tions among providers in discharge planning effectiveness; 
the providers cited their lack of knowledge and experience 
when not making appropriate home care referrals [60]. Thus, 
geriatric models not only focus on the in-patient experience 
but also the post-hospital care environment and the care tran-
sition following hospital discharge. Two of the six models 
consider the care transition a primary focus of their 
programs.

Geriatric Models

There are several types of geriatric models that are currently 
employed in hospitals throughout the United States. In addi-
tion to incorporating the original tenets central to CGA 
(screen for those at high risk for geriatric-specific problems, 
assess for modifiable risk factors, and implement strategies 
consistent with the patient’ treatment goals) all also strive to 
deliver quality care for older adults in a cost-effective man-
ner. CGA assumes that the systematic evaluation of a frail 
older person by a multidisciplinary health care team will 
uncover actual or potential health problems. The consider-
able advances in geriatric health care science over the last  
30 years can then be applied to treating or preventing these 
conditions and thus result in better health outcomes.

Although the specific mode of intervening may differ 
among the models, they all address both common health 
problems and care delivery issues. The geriatric model may 
consider all geriatric syndromes or target specific ones such 
as delirium or functional decline. Similarly, the geriatric 
model may be employed as a hospital-wide approach, 
unit-based intervention, or focus on specific processes of 
hospitalization such as admission screening or discharge 
planning. Regardless of the structure of the geriatric model, 
all facilitate the general objectives listed in Table 4.3. 
Table 4.4 provides a summary of the clinical foci, unique 
features, coordination, and interventions for each of the six 
most commonly employed geriatric models of care.

Geriatric Consultation Service provides a geriatrician, a 
gero-psychiatrist, a geriatric clinical nurse specialist, or an 
interdisciplinary team of geriatric health care providers to 
conduct a CGA or evaluate a specific condition (delirium), 
symptom (patient dislodges or removes treatment), or situa-
tion (adequacy of family support for discharge back to com-
munity setting). The consultation may be requested by 
another primary service for an individual patient or may be 
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Table 4.4 Core components of six geriatric care models

Model type Clinical outcome focusa Unique features Program/team coordination Interventionsb

Geriatric 
Consultation

Primary focus can vary 
depending on 
composition of 
consult team and 
may be specific to a 
surgical specialty or 
procedure

Employed by primary 
provider request

Individual consultant 
(geriatrician, geropsychia-
trist, or geriatric nurse 
specialist) or

Comprehensive geriatric 
assessment (CGA): 
medical, psychiatric, 
functional, and social

Interdisciplinary team that is 
coordinated by geriatric 
medicine or psychiatry 
fellow, geriatric nurse 
specialist, or an administra-
tive director

Recommends interventions based 
on consultant discipline 
(medicine, psychiatry, or team 
that includes nurses, social 
workers, and others)

Primary provider chooses which 
recommendation to employ

Acute Care for 
the Elderly 
(ACE)

Functional decline Dedicated unit with 
explicit admission 
criteria

Unit directed and/or team 
coordinated by geriatrician, 
geriatric nurse specialist, 
administrator, or coman-
aged by clinician-manager

Physical environment to promote 
patient mobility, orientation, 
and staff observation

Requires interdisci-
plinary team and

Interdisciplinary rounds facilitate 
care coordination and thus:

Redesign of physical 
environment to 
accommodate 
physical and 
cognitive needs

Identify modifiable risk factors 
for geriatric syndromes and 
complications

Prevent avoidable discharge delay
Promote timely referrals to 

disciplines or specialists

Nurses 
Improving 
the Care of 
Health 
System 
Elders 
(NICHE): 
GRN/ACE

Nursing processes 
related to all geriatric 
syndromes and 
potential complica-
tions such as 
avoiding restraint 
use, initiating urinary 
catheter removal

Focus on improving 
nursing care of all 
geriatric 
syndromes

Program implementation by 
NICHE Coordinator 
(usually a geriatric nurse 
specialist)

Nurse-initiated protocols:

Prepares staff nurses 
to take active part 
in geriatric care 
management 
including 
coordinating or 
facilitating other 
geriatric models of 
care

Geriatric Resources Nurses 
(staff nurses with 
additional training) 
implement protocols

Restraint and psychoactive drug 
reduction

Depending on availability, 
other clinicians (geriatri-
cian, hospitalist, social 
worker, etc.) work as 
interdisciplinary team

Functional mobility
Fall/injury prevention
Pressure ulcer assessment/

treatment
Prevention of UTI – early 

catheter removal
Delirium assessment/treatment

Organizational strategies 
including measurement 
schema, performance 
improvement techniques, and 
management tools to promote 
implementation of above 
protocols

The Hospital 
Elder Life 
Program 
(HELP)

Delirium prevention and 
early management

Requires use of 
volunteers

Elder Life Nurse Specialist or 
Elder Life Specialists 
coordinates interdisciplin-
ary team (geriatrician, 
recreation therapy, physical 
therapy, etc.) and trained 
volunteers

Delirium risk factor protocols:
Mental orientation
Therapeutic activities
Early mobilization
Vision and hearing adaptations
Hydration and feeding 

assistance
Sleep enhancement

Advanced 
practice 
nurse (APN) 
Transitional 
Care Model

Reducing complications 
specific during the 
transition from 
hospital to home

Requires APN 
coordinator to 
follow patient in 
hospital and 
following 
discharge

APN (nurse practitioner or 
clinical nurse specialist)

Protocols to assess/intervene with:
Medication discrepancies and 

inappropriate medication 
usage

Case management and APN 
surveillance across settings

(continued)
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initiated by a hospital policy for all patients who are screened 
at high risk for geriatric-related complications or are admit-
ted from a home-bound program or a nursing home [61].

Outside of academic medical centers, few hospitals have 
geriatric departments that can provide geriatricians or a geri-
atric consultation team. Although geriatric nurse specialists 
may be more prevalent in hospitals than geriatricians, many 
function without the benefit of a geriatric team or a geriatri-
cian. Similar to geriatricians, it is difficult to evaluate their 
effectiveness when their practice is limited to a consultative 
role in which recommendations may not be followed or insti-
tutional resources are not adequately available for staff to 
implement [62].

Acute Care for the Elderly (ACE) Units are discrete geriatric 
care-focused units. Originally developed in the 1970s within 
Veterans Administration Hospitals, Geriatric Evaluation and 
Management (GEM) Units were meant to provide CGA 
delivered by a multidisciplinary team with a focus on the 
rehabilitative needs of older patients. Multidisciplinary team 
rounds and patient-centered team conferences are considered 
the hallmarks of care. The core team includes a geriatrician, 
clinical nurse specialist, social worker as well as specialists 
from other disciplines providing consultation: occupational 
and physical therapy, nutrition, pharmacy, audiology, and 
psychology. GEM units usually have been redesigned to 
facilitate care of the older patient, which, in contrast to geri-
atric consultation services, have direct control over the 
implementation of team recommendations. Research con-
ducted in the 1980s and 1990s have documented significant 
reductions in functional decline and suboptimal medication 
use as well as return to home post-discharge and, more 
recently, decreased rate of nursing home placement [63] 
among hospitalized veterans on GEMUs compared to general 
medical units.

Beginning in the 1990s, ACE units have been imple-
mented in non-VA hospitals although they generally focus 
on more acutely ill patients than GEM units. These units uti-
lize staff with geriatric expertise working collaboratively in 
an interdisciplinary team (fostered by care processes such as 
team rounds and family conferences) in a physical environ-
ment with adaptations to addresses age-related changes (e.g., 
flooring to reduce glare and low-height beds to reduce fall-
related injury), promote orientation (clocks and calendars), 
and facilitate staff observation (e.g., alarmed exit doors, win-
dows inserted in walls, and communal space for meals). The 
interdisciplinary team (led by geriatricians and/or geriatric 
nurse specialists) aims to facilitate care coordination and 
thus identify modifiable risk factors for geriatric syndromes 
and complications, prevent avoidable discharge delay, and 
promote timely referrals to disciplines/specialist.

Palmer et al. [64] designed the first ACE unit at the 
University Hospitals of Cleveland. A randomized controlled 
trial of Acute Care for Elders in an academic medical center 
reported improved functional status (ADL, instrumental 
ADLs and ambulation) at discharge of patients hospitalized 
on the ACE unit compared to those on other units. Fewer 
patients from the ACE group were discharged to nursing 
homes. These beneficial effects were achieved without 
increasing in-hospital or post-discharge costs. There were no 
significant differences in mortality, length of stay, readmis-
sion, or hospital costs between the two groups [65]. In 
another randomized trial conducted in a community hospital, 
patients were randomly assigned to either ACE care or a 
regular care unit. Positive outcomes of the ACE intervention 
were demonstrated in several processes of care including a 
reduction in restraint use, days to discharge planning, and 
use of high-risk medications. They also found benefit in a 
composite outcome of ADL improvement and nursing home 

Model type Clinical outcome focusa Unique features Program/team coordination Interventionsb

The Care 
Transitions 
Intervention

Reducing complications 
specific during the 
transition from 
hospital to home, 
such as prevent 
post-hospital 
medication 
discrepancies, 
increase likelihood 
of patient/caregiver 
detection of 
worsening condition

Requires nurse 
transitions coach to 
follow patient in 
hospital and 
following 
discharge

Transition Coach (nurse or 
APN) empowers patient 
and caregiver

Personal Health Record includes 
data elements essential to 
promote productive patient-
provider encounters across 
settings

Discharge Preparation Checklist 
to facilitate patient’s knowl-
edge of discharge instructions

Medication Discrepancy Tool used 
by transition coach to identify 
medication issues

a All programs are meant to address geriatric syndromes and potential complications. Geriatric syndromes refer to “clinical conditions in older 
persons that do not fit into discrete disease categories.” This may also include other conditions highly associated with aging such as frailty, sleep 
disorders, and self-neglect. For the purpose of this review, these syndromes and potential complications are more narrowly defined to six of the 
most common complications
b Interventions are guided by the use of standardized assessment tools known to be valid and reliable for older adults. See the Hartford Institute’s 
Try This and How to Try This series for examples of assessment instruments (http://www.hartfordign.org/trythis)

Table 4.4 (continued)
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placement, but not in discharge ADL levels alone. There was 
no significant reduction in length of stay, hospital costs, or 
mortality in the ACE unit subjects compared to the regular 
unit subjects [66].

Since one unit cannot provide care for all older patients 
within a hospital, many hospitals use this unit for patients at 
highest risk for age-related complications. The unit is an 
excellent environment for training of all disciplines. ACE 
staff may also provide consultation throughout the hospital 
to export ACE principles throughout the health system.

Nurses Improving the Care of Health System Elders  
(NICHE; http://www.nicheprogram.org) is a national pro-
gram aimed at system improvement to achieve positive out-
comes for hospitalized older adults. NICHE has two main 
goals: improving the quality of care to patients and improv-
ing nurse competence. This is accomplished by “modifying 
the nurse practice environment with the infusion of geriatric-
specific: (a) core values into the mission statement of the 
institution; (b) special equipment, supplies, and other 
resources; and (c) protocols and techniques that promote 
interdisciplinary collaboration” [67]. NICHE includes sev-
eral approaches, each of which facilitates transfusion of evi-
dence-based geriatric best practices into hospital care. 
A geriatric nurse specialist as the NICHE Coordinator func-
tions in both a “primary care role (evaluating and managing 
patients directly) and in a leadership role (teaching and 
mentoring others and changing systems of care)” [68]. 
Foundational to NICHE is the Geriatric Resource Nurse 
Model (GRN) which is an educational intervention model 
that prepares staff nurses as the clinical resource person on 
geriatric issues to other nurses on their unit. The GRN model 
provides staff nurses, via education and modeling by a 
NICHE coordinator, with specific content for improved 
knowledge of care management for geriatric syndromes. 
Clinical protocols and organizational strategies provide nec-
essary tools to apply evidence base practice. For example, in 
one NICHE orthopedic unit, GRNs received intensive educa-
tion on the prevention and detection of delirium in a unit 
where the primary diagnoses were joint replacement and hip 
fracture repair. Utilizing a combination of standardized 
assessment of cognition and focused interventions to prevent 
postop delirium, the unit realized a significant reduction in 
the incidence of delirium. Other systemic interventions uti-
lized by the GRNs include a revised nursing database and 
delirium-specific order sets [69].

An evaluation of responses of 9,802 direct care registered 
nurses from 75 acute care hospitals participating in NICHE 
found that a positive geriatric nurse practice environment 
was associated with positive geriatric care delivery. The 
independent contribution of all three aspects of the geriatric 
nurse practice environment (resource availability, institu-
tional values, and capacity for collaboration) influences care 
delivery for hospitalized older adult patients. The study 

findings demonstrate that a nurse practice environment that 
provides adequate geriatric-specific resources (continuing 
education, education, and specialty services), promotes inter-
disciplinary collaboration, and fosters patient, family, and 
nurse involvement in treatment-related decision making is 
associated with quality geriatric care [64]. In single site stud-
ies, NICHE hospitals demonstrate improved clinical out-
comes, rate of compliance with geriatric institutional 
protocols, cost-related outcomes, and nurse knowledge. In a 
study of eight hospitals nurses reported higher quality of 
geriatric care following NICHE implementation [70].

NICHE also promotes a unit-based ACE model. The ACE 
model within NICHE emphasizes: (1) implementation of 
nurse-driven protocols, (2) geriatric training of all nursing 
staff, and (3) utilization of geriatric-specific units within a 
health system’s overall geriatric care programming. Similar 
to other ACE studies, a NICHE-ACE unit in which the major-
ity of the staff nurses were nationally certified in geriatric 
nursing reported lower fall and pressure ulcer rates, and 
lower length of stay when compared to overall hospital [71].

Since NICHE is a system-level approach, it provides a 
structure for nurses to collaborate with other disciplines and 
to actively participate or coordinate other geriatric care mod-
els. For example, in hospitals with a geriatric department or 
consultation service, GRNs screen for appropriate referrals 
to these services and can effectively implement geriatric ser-
vice recommendations with support from the NICHE coordi-
nator. The models enhance NICHE program effectiveness by 
expanding the scope of geriatric programming within a 
health system.

The Hospital Elder Life Program (HELP; http://elderlife.
med.yale.edu/public/public-main.php) is a program designed 
to implement protocols that target six delirium risk factors: 
mental orientation, therapeutic activities, early mobilization, 
vision and hearing adaptations, hydration and feeding assis-
tance, and sleep enhancement. These protocols were tested 
in several well-designed clinical trials and demonstrated sig-
nificant reduction in the incidence of new delirium. Further, 
among those who did develop delirium, these protocols are 
associated with a significant reduction of total number of 
episodes and days with delirium, functional decline, costs of 
hospital services, and reduction in use of long-term nursing 
home services [72, 73].

HELP employs geriatric specialists of various disciplines 
(geriatrician, geriatric nurse specialist, recreation therapy 
and physical therapy) working together as an interdisciplin-
ary team with trained volunteers. The program is coordinated 
by Elder Life Specialists, typically an Elder Life Nurse 
Specialist who has advanced geriatric nursing education and 
is responsible for implementing nursing-related assessments 
and tracking of delirium risk factor protocol adherence. The 
latter depends on the involvement of well-trained and super-
vised volunteers in patient care interventions [74]. 
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The research-tested protocol was made available to hospitals 
in 2000. Implementation in many hospitals has been adapted 
based on hospital resources. This has led to wide variations 
in adherence to the intervention protocol. Although higher 
levels of adherence have been associated with lower rates of 
delirium, these adapted protocols continue to provide posi-
tive results [75].

Transitional Care Models

An American Geriatric Society Position Statement defines 
transitional care as a set of actions designed to ensure the 
coordination and continuity of health care as patients trans-
fer between different locations or different levels of care 
within the same location [76]. Older adult patients with com-
plex medical and social needs and their caregivers require 
assistance to effectively navigate the health care system, 
including recovery from surgery and return to premorbid 
health and living arrangements. Two models have emerged 
that have demonstrated improved outcomes for older adults 
hospitalized for both medical and surgical interventions.

Advanced practice nurse (APN) transitional care model  
utilizes APNs whose primary responsibility is to optimize 
the health of high-risk, cognitively intact older adults with a 
variety of medical and surgical conditions during hospital-
ization and for designing and overseeing the plan for 
follow-up care following discharge [77]. The APN work 
collaboratively with the older adult, family caregiver, physi-
cian, and other health team members and are guided by evi-
dence-based protocols. The same nurse implements this plan 
after discharge by providing traditional home care services 
and by phone availability 7 days a week. Three federally 
funded, randomized, controlled trials consistently demon-
strated that this model of care improves older adults’ satis-
faction, reduces rehospitalizations, and decreases health care 
costs [78–80].

Care transitions coaching or Care transitions interven-
tion (see http://www.caretransitions.org/index.asp) employs 
a nurse or “transitions coach” to encourage older patients 
and their family caregivers to assume more active roles dur-
ing care transitions by facilitating self-management and 
direct communication between the patient/caregiver and pri-
mary care provider. The four content areas or “pillars” of the 
patient/caregiver intervention are: (1) medication self-man-
agement, (2) a patient-centered record, (3) primary care and 
specialist follow-up, and (4) knowledge of “red flags” warn-
ing symptom or sign indicative of a worsening condition 
[81]. The Personal Health Record includes data elements 
essential to promote productive patient-provider encounters 
across settings such as an active health problem list; medica-
tions and allergies; a list of warning symptoms or signs that 

correspond to the patient’s chronic illnesses; and a checklist 
of activities that need to take place before and following dis-
charge This record is maintained by the patient and caregiver 
with assistance from the transition coach. The 4-week inter-
vention begins in the hospital and continues through home 
visits and/or phone follow-up after discharge.

Several studies, including a randomized, controlled trial, 
found that patients who received this intervention had lower 
all-cause rehospitalization rates 30 and 90 days after dis-
charge compared with control patients. Intervention patients 
also had lower rehospitalization rates for the same condition 
that they were admitted for in the index hospitalization at 90 
and 180 days than controls. Mean hospital costs were approx-
imately $500 less for patients in the intervention group com-
pared with controls [82].

New Specialty Models

In some hospitals, multiple geriatric models are employed. 
For example, a hospital may begin with NICHE. The NICHE 
coordinator, a geriatric nurse specialist, will then become an 
Elder Life Specialist to implement HELP hospital wide or 
within a discrete ACE unit. Often the core geriatric interdis-
ciplinary team of any geriatric program screens patients for 
other related services such as palliative care, rehabilitative 
services, or pain management programs. Some have devel-
oped dual-function units such as merging an ACE unit with a 
palliative care unit [68].

Others have developed programs that merge geriatrics 
with other specialties such as hip fracture, trauma, and oncol-
ogy. These programs incorporate geriatric comanagement of 
surgical patients with the expectation that involvement of 
geriatric specialists in care management will avoid iatrogenic 
problems [83]. These programs have been shown to reduce 
delirium by over one-third, reduce severe delirium by over 
one-half, decrease predicted length of stay, readmission 
rates, complication rates, and mortality [84]. Although we 
are not aware of any such programs with geriatric comanage-
ment of older cardiac surgery patients, hospitals participat-
ing in the NICHE program report that cardiac patients receive 
geriatric consultation for those demonstrating delirium 
postoperatively.

Conclusion

Although these models use different strategies, all share common 
goals of treatment. Each hospital or health system chooses a 
model based on the unique needs of that hospital’s patient 
population, the resources available (geriatric specialists, bed 
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capacity to support separate unit, volunteers, etc.), and 
especially senior administrator’s commitment to geriatric 
programming. Since there is no direct reimbursement for 
many components of these models (interdisciplinary rounds, 
geriatric nurse specialist, volunteers, etc.), administrators 
seek external (grants, donor gifts) and internal funding (hos-
pital foundation grants). They are motivated by the model’s 
alignment to the hospitals strategic plan (e.g., excellence in 
senior care), the institution’s mission, patient/family satisfac-
tion, relationship with the community, and costs savings (i.e., 
reduction of complications). All the models have demon-
strated positive outcomes and each have been implemented 
in at least 50 hospitals; however, this still only represents a 
small proportion of American hospitals. Each model was 
originally developed with government and/or foundation 
support. Future survival of these models may depend on 
advancing the unique contributions of each within an inte-
grated model that will enhance the hospital experience of the 
older patient [85, 86].

Another problem influencing geriatric model implemen-
tation is availability of geriatric clinicians. Since significant 
geriatric medicine input is needed for many of these models, 
they generally are limited to academic medical centers, 
which only represent a small proportion of US hospitals. All 
these models require providers with knowledge of core con-
cepts in geriatrics; however, there is a significant shortage of 
fellowship-trained geriatricians, geriatric psychiatrists, mas-
ter’s prepared geriatric nurse specialists, as well as other dis-
ciplines [87]. In addition to efforts to increase the training of 
geriatric specialists, several initiatives are underway that 
involve specialty organizations, medical schools, and resi-
dent training programs to integrate principles of geriatric 
care into curriculums and practice [88, 89]. As more geriat-
rics is being integrated into undergraduate medical training 
and surgical resident training, knowledge of geriatric care 
principles and collaboration with geriatric models will 
enhance outcomes of the older surgical patients. The Council 
of the Section for Surgical and Related Medical Specialties 
in the American Geriatrics Society program provides the 
Geriatrics Syllabus for Specialists, a useful guide (lectures, 
PowerPoint presentations, etc.) geared toward providing 
vital information for surgeons caring for older patients as 
well as faculty leadership training to promote geriatric train-
ing and research within their disciplines. The initiative also 
provides enable surgical professional certifying bodies and 
societies to build the capacity of their members to provide 
better care of older adults [90].

Financial and administrative barriers deter the implemen-
tation of geriatric models. Medicare payment system focuses 
on provider-specific reimbursement and thus limits payment 
for organizational redesign, multidisciplinary teams, or nurse 
coordinators. The new CMS financial incentives that will not 
reimburse for nosocomial “never” events such as pressure 

ulcers, catheter-associated infections, and fall-related injury, 
may eventually encourage the use of these models [15]. A 
recent IOM report recommended that “payers should pro-
mote and reward the dissemination of those models of care 
for older adults that have been shown to be effective and effi-
cient” [89]. Incentives suggested included elimination of 
Medicare’s copayment disparity for mental health and 
enhanced payments for services under these models.

Finally, most of the research documenting complications 
of the older patient are based on studies combining both med-
ical and surgical patients, thus future research should address 
the risk factors of these complications specific to surgical 
patients. Studies are needed that identify complications within 
specific types of surgical procedures. This may provide 
important data to tailor models to specific surgical popula-
tions. The development of less invasive cardiac procedures 
such as MIVS will more likely lead to more older adults 
undergoing surgery, thus geriatric models that can enhance 
positive outcomes needs to be incorporated in practice.
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Abstract Delirium is an acute change in cognitive 
functioning, characterized by inattention and associated 
with disorganized thinking or altered level of consciousness, 
which preferentially affects the older patients (Diagnostic 
and statistical manual of mental disorders, fourth edi-
tion, text revision. Washington: American Psychiatric 
Association; 2000). After cardiac surgery, the incidence of 
delirium has been reported between 2 and 73%, depend-
ing on the type and sensitivity of delirium assessment 
(Delirium in the postoperative cardiac patient: a review. 
J Card Surg. 2005;20(6):560–7). Patients with delirium 
after surgery have increased length of stay and increased 
hospitalization costs. Importantly, these patients are more 
likely to require assistance upon discharge and are slower 
to recover function (Delirium in the postoperative cardiac 
patient: a review. J Card Surg. 2005;20(6):560–7, The 
cost of delirium in the surgical patient. Psychosomatics. 
2001;42(1):68–73, The long-term cognitive and functional 
outcomes of postoperative delirium after cardiac sur-
gery. Ann Thorac Surg. 2009;87(5):1469–74). As a result, 
delirium represents an undesirable outcome after cardiac 
surgery. Care improvements such as identifying delirium 
risk preoperatively (Derivation and validation of a preop-
erative prediction rule for delirium after cardiac surgery. 
Circulation. 2009;119(2):229–36); training surgeons, anes-
thesiologists, and nurses to screen for delirium (Delirium 
in mechanically ventilated patients: validity and reliability 
of the confusion assessment method for the intensive care 
unit (CAM-ICU). JAMA. 2001;286(21):2703–10); imple-
menting delirium prevention programs (Reducing delirium 
after hip fracture: a randomized trial. J Am Geriatr Soc. 
2001;49(5):516–22); and developing standardized delirium 
treatment protocols may reduce the risk of delirium and its 
associated morbidity.

Keywords Delirium • Aged • Inattention • CAM-ICU 
• Inflammation • Predisposing factors • Cognition 
• Atherosclerosis • Albumin • Depression • Medication 
• Anticholinergic • Antipsychotic • Benzodiazepine

Defining and Diagnosing Delirium

Because of the morbidity, mortality, and cost associated with 
delirium [90–92], all patients, especially older patients, 
should be screened for delirium, at least, daily and more fre-
quently if they are prone to higher risk of delirium. An algo-
rithm for the diagnosis of delirium, the Confusion Assessment 
Method (CAM), which is based on DSM-IV criteria, has been 
demonstrated to be reliable, sensitive, and specific for diagno-
sis of delirium compared with expert clinician examination 
[1, 2, 89]. The algorithm for the CAM is displayed in Fig. 5.1. 
Briefly, the criteria are a combination of Feature 1 (acute 
onset and fluctuation course), Feature 2 (inattention), and 
either Feature 3 (disorganized thinking) or Feature 4 (distur-
bance of consciousness).

There are important elements of the CAM which need to be 
clarified. First, attention is best assessed with testing (digit span, 
months of the year backward, serial 7s, etc.) rather than obser-
vation [3]. Importantly, orientation items have low sensitivity 
for inattention and delirium, and should not be considered the 
standard assessment for attention [4]. Additionally, the distur-
bance of consciousness involves both the hyperactive (agitated) 
variant and the hypoactive (quiet) variant of delirium. The 
hyperactive variant is rarely missed, because the patient dis-
rupts the flow of care [5]. The hypoactive variant is more com-
monly missed because the patient is neither disruptive nor 
threatening [6]. For example, a patient with hypoactive delirium 
would briefly wake when addressed and may comply with some 
requests, but then quickly falls back to sleep. Both variants are 
considered delirium. Several studies have found that the hypo-
active variant is detected less frequently and carries a higher 
mortality, presumably from the delay in diagnosis [6–8].

The CAM-ICU operationalizes the CAM by adding objec-
tive assessments for attention, consciousness, and thought [9]. 
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Because the CAM-ICU has been validated in nonverbal 
intensive care unit patients, its use in the postoperative car-
diac surgery patient would be appropriate [93]. The advan-
tages of the CAM-ICU are that it can be performed and 
scored in under 90 s by trained nurses or physicians; can be 
repeated over time to detect fluctuation and changes; and has 
been associated with ICU outcomes including mortality [10], 
length of stay [11], and cost [12]. The key elements of the 
CAM-ICU are the Richmond Agitation and Sedation Scale, a 
validated measure of consciousness [13], the Attention 
Screening Exam [14], and five thought questions. This infor-
mation is used to complete the CAM algorithm for delirium.

Distinction Between Delirium  
and Postoperative Cognitive Dysfunction

Much work in cardiac surgery has been focused on the 
assessment of long-term postoperative cognitive dysfunction 
(POCD). Table 5.1 highlights the distinct features of each of 
these diagnoses. Delirium is more acute that POCD. First, 
according to the statement of consensus for neurobehavioral 
outcomes after cardiac surgery, POCD should be measured 
at least 3 months postoperatively [15]. Second, delirium is 
clinical diagnosis, which is to be made at the bedside, while 
POCD requires sensitive and lengthy neuropsychological 
tests. Finally, there may be overlap of prolonged delirium 
and POCD, because attention is required for optimal perfor-
mance of both [16]. In a study of older, general surgery 
patients, delirium increased the risk of POCD at 7 days post-
operatively, but not at 3 months postoperatively [17]. The 
causes of delirium have been better elucidated in delirium 

[10, 18] than POCD. However, the pathophysiology of both 
the disorders is poorly understood.

Pathophysiology of Delirium  
After Cardiac Surgery

There are several potential pathophysiological causes for 
delirium after cardiac surgery but none has been proven to be 
causal. The model frequently used to measure and study fac-
tors associated with delirium includes a predisposed patient 
(predisposing factors) being subjected to a series of insults 
(precipitating factors), which precipitates the delirium [19]. 
This model is important in the understanding of the etiology 
of delirium, because baseline vulnerabilities increase the 
susceptibility to precipitating factors, but are not necessarily 
pathophysiological for delirium [20]. For example, impaired 
vision is a risk factor for delirium, but may not be associated 
with the precipitating factors in cardiac surgery (anesthesia, 
emboli, hypotension, inflammation, tryptophan release, etc.) 
[21]. Additionally, one specific insult may not precipitate 
delirium, but the cumulative effect of several small insults 
precipitates the delirium. In the older cardiac surgery patient, 
there can be significant variability in both the predisposing 
and precipitating factors.

Anticholinergic Burden

Within the CNS, cholinergic receptors play a neuromodula-
tory role in the processes of attention, reward and reinforce-
ment, and memory [22]. Thus, blockade of the acetylcholine 

Feature 1 
Acute Onset and Fluctuating Course 

Instrument
Serial RASS 

Feature 2 
Inattention
Instrument

Attention Screening Exam 

Feature 3 
Disorganized Thinking 

Instrument
Yes/No Questions and Command 

Feature 4 
Alteration in Consciousness 

Instrument
RASS

Delirium

Fig. 5.1 Algorithm of the confusion assessment method. For delirium a 
patient needs feature 1 (acute onset and fluctuating course), feature 2 
(inattention), AND either feature 3 (disorganized thinking) or feature 4 
(altered level of consciousness). Below the features are the elements of the 
CAM-ICU, which can be used to assess the feature (adapted from [1, 9])

Table 5.1 Differentiating delirium and postoperative cognitive 
dysfunction

Feature Delirium POCD

Onset Acute; early 
postoperative

Longer-term 
>3-months

Cognitive 
domain(s)

Attention Attention
Memory
Executive function
Visuospatial

Assessment CAM-ICU; attention 
screen

Neuropsychological 
testing

Diagnosis CAM; DSM-IV Not defined
Causes Unknown Unknown
Morbidity Decreased functional 

recovery
Decreased functional 

recovery
Nursing home placement
Death

CAM confusion assessment method; CAM-ICU confusion assessment 
method for the intensive care unit; DSM-IV diagnostic and statistical 
manual of mental disorders IV edition; POCD postoperative cognitive 
dysfunction
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receptor (e.g., anticholinergic activity) can lead to deficits in 
these cognitive processes. An available assay, anticholinergic 
activity, measures the blockade of cholinergic receptors [23, 
24]. Serum anticholinergic activity has been associated with 
delirium in the medical, surgical, and nursing home popula-
tions [24–26]. This anticholinergic activity is presumed to 
originate from medications, but some patients carry a high 
baseline anticholinergic activity level, which may predispose 
to delirium [21, 24, 27].

Within the operative care of cardiac surgery, many poten-
tial medications are delivered, which have anticholinergic 
activity. Most notably, paralytics used during general 
anesthesia act on the cholinergic mechanism of the neuro-
muscular junction resulting in a large anticholinergic load. 
Meperidine, an opioid analogue, is highly anticholinergic 
and may predispose to delirium [28]. Medications used for 
their sedative properties, such as diphenhydramine and ami-
triptyline, have anticholinergic activity and have been associ-
ated with delirium [29, 30]. Many antipsychotics have high 
anticholinergic activity and may also contribute to delirium 
[31]. There are several validated ranked summaries of anti-
cholinergic medications for the ambulatory and hospitalized 
older patient [30–32].

Inflammation

Delirium develops in states of elevated systemic stress such 
as surgery, infection, trauma, and myocardial infarction. 
Circulating inflammatory markers are elevated during sur-
gery [33], infection [34], trauma [35], and myocardial infarc-
tion [36]. The inflammatory response rises immediately after 
surgery, but then quickly returns to baseline. IL-6 level, an 
early pro-inflammatory cytokine, peaks 4–24 h after surgery 
and is near baseline by 48 h, [37]. IL-10, an anti-inflamma-
tory cytokine, peaks 4–12 h postoperatively and is near base-
line by 48 h, [38]. In response to the inflammatory response 
triggered by early cytokines, such as IL-6 and IL-10, other 
cytokines peak later in the postoperative course. Tumor 
necrosis factor-a (TNF-a) will peak 24–36 h postoperatively 
and return to baseline by about 72 h. C-reactive protein 
(CRP) is produced in response to IL-6 release, peaks at 
24–48 h, will return to near normal levels by postoperative 
day 7 [37].

Prior work has found that cytokines and chemokines  
are associated with delirium after cardiac surgery. Several 
smaller studies have identified increased individual cytok-
ines in patients with delirium, but consistent markers for 
delirium have not emerged [39, 40]. Additionally, major 
challenge to the inflammation hypothesis is that peripheral 
inflammatory cytokines may not represent the central ner-
vous system process. Thus studies that measure brain inflam-
mation via CSF or brain biopsy are needed.

Large Neutral Amino Acids

Serotonin is a key neurotransmitter involved in cognitive 
processes and serotonin deficiency has been associated with 
delirium. Tryptophan is a precursor to serotonin production 
and one of the large neutral amino acids, which all compete 
for a blood–brain barrier transporter. In catabolic states, the 
serum ratio of tryptophan to other large neutral amino acids, 
most notably phenylalanine, is reduced because of the rela-
tive frequency in muscle tissue [41]. As a result, less pheny-
lalanine is transported to the central nervous system, and the 
brain may see a reduced serotonin production [21]. In small 
cross-sectional studies, the ratio of tryptophan to large neu-
tral amino acids has been associated with delirium [42]. 
These studies are difficult due to rapidly fluctuating levels of 
amino acids, which are dependent on catabolism and diet.

Atherosclerosis and Blood–Brain  
Barrier Compromise

Atherosclerosis in the microvasculature (leukoariosis) of the 
brain is associated with blood–brain barrier compromise and 
deficits in attention [43, 44]. Because patients undergoing coro-
nary artery bypass graft surgery have atherosclerosis, these 
patients are also likely to have increased leukoariosis, and thus, 
increased blood–brain barrier permeability [45]. This permea-
bility would allow the entry of peripheral inflammatory cytok-
ines, medications, and other circulating molecules into the brain 
parenchyma and may have impact on the cognitive functioning. 
Increasing atherosclerosis burden, as measured by aortic arch 
plaque, carotid stenosis, and the number of vessels bypassed, 
has been associated with delirium after surgery [46].

Preoperative Assessment for Delirium Risk

Although many preoperative risk factors for delirium have 
been described in the literature, using a validated delirium 
prediction rule for delirium after cardiac surgery can help 
identify those patients most at risk for delirium after cardiac 
surgery. The validated prediction rule for delirium after car-
diac surgery identified four major risk factors: impaired cog-
nitive function, low albumin, preoperative depression, and 
prior stroke or TIA [47]. Table 5.2 describes the point scor-
ing system for the prediction rule. The incidence of delirium 
increases with increasing points so that the highest risk group 
is 4 times more likely to develop delirium than the lowest 
risk group. To complete the prediction rule, a thorough his-
tory and physical combined with cognition and depression 
screening is required.
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Assessment of Preoperative  
Cognitive Function

Atherosclerosis, a requirement for coronary artery bypass 
grafting surgery, is not confined to the arteries of the heart 
and may occur in the extremities, kidneys, neck, and brain. 
Recent work had found that atherosclerosis in the brain may 
affect higher order cognitive processes called executive func-
tions [43, 48, 49], which is responsible for attention, insight, 
abstraction, and planning. Executive function deficit, more 
so than memory deficit, has been associated with delirium 
after cardiac surgery [50]. As a result, many patients going 
to cardiac surgery are cognitively impaired preoperatively 
[51, 52]. As in most studies of delirium [53], including the 
prediction rule above, cognitive impairment is the strongest 
risk factor for delirium. Thus, many have called for preop-
erative cognitive screening in all cardiac surgery patients, to 
identify preoperative cognitive deficits [54]. The specific 
assessment of cognitive function varies widely amongst the 
studies [55]. Although most studies use the Mini Mental 
State Examination as a general measure of cognitive func-
tion [56], there is a lack of executive function task that may 
make other assessments more appropriate [57].

Assessment of Depression

In addition to the prediction rule, other studies have identi-
fied depression as a risk factor for delirium after cardiac sur-
gery [58]. Although the pathophysiology of this relationship 
remains to be determined, it is known that depression can 
interfere in the process of clinical care, because patients are 
less motivated to complete the needed rehabilitation and may 
be less likely to resume independent functioning after cardiac 
surgery. The assessment of depression in older patients is 
generally performed with the 15 question Geriatric Depression 
Scale, which assesses depressive symptoms using 15 yes/no 
questions [59]. The advantage of the GDS is that it can be 
self-completed by the older patient and scored by the clinician 
in a short time frame (3 min).

Albumin

Serum albumin is considered as an overall biomarker of 
function, frailty, and nutrition [60, 61]. In a patient with low 
albumin, there may be synthesis (liver function), excretion 
(renal disease), or function (malnutrition, poor social sup-
port, poor dietary habits, etc.) deficit. In any of these condi-
tions, the patient undergoing cardiac surgery will require 
additional thought and planning during the course of the 
operation and recovery. For example, albumin plays an 
important role in intravascular volume status and drug bind-
ing and thus, intraoperative fluids and medications may need 
dosage adjustments and monitoring. After the surgery, care-
ful assessment of nutrition intake and education about dietary 
choices may be needed [62].

Age-Associated Risk Factors  
Associated with Delirium

Age itself is generally not considered a risk factor for 
 delirium, but many conditions that are associated with age 
may also be risk factors for delirium. For example, patients 
with preoperative sensory impairments are more likely to 
develop delirium [18]. Because older patients are more likely 
to have decreased hearing abilities (presbycusis), smell 
(presbyosmia), and vision abilities (presbyopia), they have 
more difficulty getting sensory inputs into the brain, espe-
cially when adaptive aids (glasses, hearing aids, dentures, 
etc.) are withheld, as is common in the perioperative period. 
Additionally, age-associated comorbidities may predispose a 
patient to develop delirium. For example, stroke and tran-
sient ischemic attack have increased prevalence with age and 
was found to be an independent risk factor for delirium [47]. 
Table 5.3 highlights other predisposing factors, which may 
be associated with delirium in the cardiac surgery popula-
tion, but have not been independently validated.

Precipitating Factors for Delirium

Studies of cardiac surgery have inherent variability because 
of patient factors (age, education, comorbidity), cardiac 
 surgery factors (hypothermia, cardiopulmonary bypass, cross 
clamp, bleeding), physiologic factors (inflammation, micro-
embolization, blood–brain barrier function), intraoperative 
factors (anesthesia, cerebral oxygenation, hypotension), 
perioperative factors (medication, sleep, complications), and 
 postoperative factors (rehabilitation, depression, social 
 supports). Thus, all of the precipitating factors for post-
operative delirium have not been fully elucidated. Table 5.3 

Table 5.2 Preoperative prediction rule for delirium after cardiac  
surgery

Characteristic Points
Total 
points

Incidence of  
postoperative  
delirium (%)

Cognitive impairment  0 18–19
Severe 2  1 43–47
Mild 1  2 60–63

Depression 1 ³3 86–87
Prior stroke/TIA 1
Low albumin 1
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 highlights  preoperative, intraoperative, and postoperative 
factors, which may be associated with delirium.

Microemboli

Microemboli are felt to be air, organic debris (disrupted 
 atherosclerotic plaque), or thrombus that travels to the brain 
and cause punctuate ischemia and ultimately cognitive 
impairment [63]. Although there has been much speculation 
about “pump-head,” an acute change in cognitive function, 
which is thought to be related to microemboli, a systematic 
review of microemboli and cognitive function found that 
most studies did not demonstrate a significant relationship 
[64]. Additionally, studies of cognitive function with and 
without cardiopulmonary bypass have not been able to 
 demonstrate a difference in cognitive function, despite 
 several studies demonstrating that cardiopulmonary bypass 
does generate more microemboli [65, 66]. Logically, efforts 

to reduce the number of microemboli should continue, but 
the assumption of a causative relationship has not been 
 established [67].

Intraoperative Medication

During cardiac surgery, numerous medications with cogni-
tive properties are given to patients. Inhaled anesthetics slow 
and flatten electrical activity in the brain and have been asso-
ciated with amyloid deposition and apoptosis [68]. Induction 
agents, benzodiazepines, and paralytics have significant cog-
nitive properties, which may precipitate delirium [28]. Pain 
medications may precipitate delirium. Additionally, ionotro-
pic agents such as dopamine and norepinepherine deliver 
supra-physiologic doses of neurotransmitters, which may 
travel centrally. Although these are needed for the operation, 
recognizing the risk and taking preoperative function, albu-
min, and cognition into account is necessary.

Table 5.3 Predisposing and precipitating factors associated with delirium after surgery

Predisposing factors Precipitating factors

Preoperative Intraoperative Postoperative factors

Demographics Complexity of operation Early complications of operation
Increasing age Operation time Low hematocrit
Male gender Cardiopulmonary bypass time Cardiogenic shock

Comorbidities Prolonged intubation Hypoxemia
Impaired cognition Valve surgery (±CABG) Prolonged intubation

Dementia Decreased cardiac output
Mild cognitive impairment Shock/hypotension Later complications of operation
Preoperative memory complaint Unable to wean Low albumin

Atherosclerosis Operative factors Abnormal electrolytes
Intracranial stenosis Low intraoperative temperature Iatrogenic complications
Carotid stenosis Benzodiazepine administration Infection
Peripheral vascular disease Propofol administration Liver failure
Prior stroke/TIA Hemofiltration Renal failure

Diabetes Blood transfusion Sleep-wake disturbance
Hypertension Microemboli
Atrial fibrillation

Psychiatric disease
Anxiety
Depression
Benzodiazepine use

Function
Low albumin
Impaired functional status
Sensory impairment

Severe illness
Preoperative IABP
Pain
Electrolyte abnormalities

Lifestyle factors
Alcohol
Sleep deprivation
Smoking
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Postoperative Medication

Following cardiac surgery, many patients are given medica-
tions, which can impair their cognitive function. For exam-
ple, in the postoperative intubated patient, sedatives such as 
benzodiazepines or propofol are given. In these patients, 
dexmedetomidine used for sedation may cause delirium less 
frequently [69]. Although pain medication is a requirement 
following sternotomy, protocols for standing pain medica-
tion should be used to treat pain and taper opioid doses. 
Strong consideration should be given to standing pain medi-
cation, especially acetaminophen, which has been shown to 
lower the opioid load and improve patient reports of pain in 
a postoperative randomized controlled trial [70]. The advan-
tage of acetaminophen is the limited cognitive properties, 
compared with opioids. Improved sleep hygiene by nonphar-
macological measures such as decreasing environmental 
noise, creating a relaxing environment, and preserving the 
circadian rhythm have been shown to improve sleep without 
medication in older hospitalized patients [71].

Metabolic Abnormalities

The older brain is more susceptible to fluid shifts and 
 electrolyte imbalances compared with the younger brain, 
and one manifestation of this may be delirium. Because of 
the intraoperative fluid load, third-spacing, and the associ-
ated electrolyte shifts, the brain of older patients may react 
adversely to these changes. In past work, electrolyte abnor-
malities (e.g., hyperkalemia, hyponatremia, hypernatremia, 
hypoglycemia, hyperglycemia) and markers of dehydration 
(BUN/Cr > 18) were found to be a strong risk factors for 
delirium after surgery [19, 72, 73]. Additionally, renal 
 function declines 1% per year in older patients, and this 
effect may be more pronounced in patients with athero-
sclerosis. Thus, the ability to regulate electrolytes rapidly 
may be diminished in older patients undergoing cardiac 
surgery.

Postoperative Environment

After cardiac surgery, patients are transferred to the ICU 
environment, which is busy, noisy, and light-filled, where 
patients are approached, assessed, and stimulated constantly. 
Recent work in the ICU setting found that the environment 
may contribute to delirium, through sleep deprivation and 
overstimulation [74]. Although this environment is required 
in the immediate postoperative period, transfer of medically 
stable patients to less intense wards should be considered, 
including those with delirium.

Iatrogenic Events

Complications of hospitalization and surgery can precipitate 
delirium. For example, a leading identifiable cause of delir-
ium in older inpatients is urinary tract infection associated 
with catheter use [19]. Preventable medical processes such as 
deep venous thrombosis, UTI, pressure ulcer, decondition-
ing, malnutrition, and dehydration should be assessed using 
a team approach when necessary [62]. Additionally, reduced 
mobility through formal restraints or informal  tethers (i.e., 
intravenous lines, oxygen tubing, urinary  catheters, etc.) 
can contribute to delirium, loss of function, falls, and 
increased rehabilitation placement [18].

Prevention of Delirium

Two multi-component studies have demonstrated that delir-
ium can be prevented in operative and medical patients 
[62, 71]. Both of these studies target moderate and high risk 
patients, and use modules to improve baseline vulnerabili-
ties. The modules are compared in Table 5.4. Both approaches 
use, low-tech interventions to prevent delirium. For example, 
the nonpharmacological sleep protocols involved environ-
mental changes conducive to sleep (i.e., lights off, create a 

Table 5.4 Comparison of prevention strategies for delirium

Prevention module Hip fracture Medical patients

Cognitive stimulation Appropriate environmental stimuli protocol Cognitive stimulation protocol
Improve sensory input Appropriate environmental stimuli protocol Vision protocol

Hearing protocol
Mobilization Mobilization and rehabilitation protocol Mobilization protocol
Avoidance of psychoactive medication Elimination of unnecessary medications protocol Nonpharmacological sleep protocol

Pain management protocol
Fluid and nutrition Fluid/electrolyte protocol Rehydration protocol

Adequate nutrition protocol
Avoidance of hospital complications Bowel and bladder protocol

Adequate CNS O
2
 delivery protocol

Postoperative complication monitoring protocol
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relaxing environment, minimizing nighttime interruptions, 
dedicated time for sleep, etc.), which were successful in 
reducing psychoactive medication use and, ultimately, delir-
ium. Other key modules include improving sensory input, 
nutrition, ambulation, and preventing complications.

Haloperidol is a high-potency dopamine antagonist (antip-
sychotic) medication. In a single site study, prophylactic 
administration of haloperidol was associated with reduced 
risk of delirium after hip fracture [75]. A follow-up study 
comparing high potency antipsychotic, atypical antipsychotic, 
and placebo in intensive care unit patients found no difference 
in the rate of delirium. As a result, the practice of prophylaxis 
with antipsychotics should be avoided at present because of 
the increased risk of death, delirium, and complications in 
older patients attributed to antipsychotics [76].

Several recent studies have found that the use of dexme-
detomidine for sedation in the ICU setting has a reduced rate 
of delirium compared with midazolam and lorazepam 
[77, 78]. Additionally, a randomized trial of intraoperative 
sedation with dexmedetomidine, propofol, or midazolam 
found that dexmetometadine was associated with a lower 
incidence of postoperative delirium [69].

Treatment of Delirium

The treatment of delirium is to identify and treat the underly-
ing causes for delirium. Thus, the clinician is recommended 
to begin with a broad differential diagnosis and  systematically 
eliminate potential causes. See Table 5.5 for a differential 
diagnosis of causes of delirium after cardiac surgery. It should 
be noted that delirium is associated with significant morbid-
ity and mortality, and thus all patients with delirium should 
be assessed promptly with an interim history, thorough 
 physical exam with a focus on the neurological exam, and 
necessary laboratory testing.

Cerebral Imaging

Prior work has found that in the absence of focal neurologi-
cal deficits, a CT has low diagnostic value [79]. MRI scan-
ning in the postcardiac surgery patient is difficulty, because 
of the acuity of illness, recently implanted hardware (e.g., 
valves, cardiac stents, grafts, sternal wires, etc.), and the time 
and cooperation required for scanning. In the patient with 
delirium, sedation, which can worsen or prolong the delir-
ium, may be needed for imaging [80]. In the patient after 
cardiac surgery, there will likely be new foci on imaging 
related to microemboli during the operation [81]. As above 
the causal link between microemboli and delirium has not 
been established [64]. Additionally, stroke thrombolysis is 

absolutely contraindicated in the postoperative cardiac surgery 
patient due to major surgery [82]. Finally, the treatment of 
infarct in the postoperative patients is identical to the treat-
ment of cardiac disease (e.g., aspirin, statin, blood pressure 
control, cardiac risk reduction, rehabilitation).

Remove or Minimize Cognitively  
Active Medications

In the course of perioperative care, many medications with 
substantial cognitive effects are administered. For example, 
pain medication or benzodiazepines can precipitate delirium 
[80, 83]. Paralysis, a component of general anesthesia, is a 
high anticholinergic load and the inhaled anesthetics preci-
pitate reversible coma or a reduction in brain function. 
Ionotropic agents infuse supra-physiological doses of 

Table 5.5 Differential diagnosis of delirium

Cause Precipitating factors

Drugs Anticholinergic
Antihistamines
Benzodiazepines
Centrally acting cardiac medications
Tricyclic antidepressants

Electrolyte 
abnormalities

Hypoglycemia
Hyperglycemia
Hyponatremia
Hypernatremia
Hypocalcemia

Lack of drugs Pain
Alcohol withdrawal
Withdrawal from chronic medications

Gabapentin
Antidepressants
Benzodiazepines

Infection Urinary tract infection (catheter associated)
Aspiration pneumonia
Pressure ulcer
Line infection
Wound infection

Reduced sensory input Restraints
ICU environment
Hearing loss
Vision loss
Bed rest

Intraoperative Hypotension
Embolization
Delayed effects of anesthesia
Medications

Urinary retention ± 
fecal impaction

Medications
Benign prostatic hypertrophy

Myocardial Postoperative myocardial infarction
Pulmonary embolism
Congestive heart failure
Graft failure
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 neurotransmitters, the cognitive effects of which are not 
entirely understood. Although all of these treatments are 
necessary in the context of the operation, they may have vari-
able cognitive properties spanning from delayed recovery to 
long-term POCD. The important process in the treatment of 
delirium is to (1) eliminate unnecessary medications, (2) 
minimize the exposure to that which is necessary for treat-
ment, and (3) to provide supportive care in the postoperative 
setting for those patients with delirium.

Pain Control

Although opioids may precipitate delirium, uncontrolled pain 
may also precipitate delirium [84]. As a result, pain should  
be treated on an individual basis. A previous  randomized 
 controlled trial found that standing of acetaminophen reduced 
opioid load and improved patient reports of pain in operative 
patients [70]. Preoperative assessment of prior opioid expo-
sure and pain tolerance are important for management of 
postoperative pain. Patients with opioid tolerance may require 
additional pain medication postoperatively. Especially in the 
early postoperative period, the standing treatment of pain is 
important.

Management of Agitation Associated  
with Delirium

For patients who develop agitation, a thorough review of the 
medications and physical exam, including pain assessment is 
required. If possible to relieve the offending symptom, then 
this should be attempted (constipation, urinary retention, 
etc.). If the cause of agitation is not immediately available, 
nonpharmacologic treatments should be initiated first. For 
example, elimination of environmental noise, allowing the 
patient to sleep at night, and reorientation efforts should be 
attempted. A model of care for the delirious patient found 
that environmental modifications and staff training could 
produce reductions in patient agitation, reduction in use of 
psychoactive medications, with similar length of stay [85]. 
Another useful resource is the family, which can serve as a 
reorienting and reassuring stimulus.

Antipsychotics are considered the first line for the man-
agement of agitation associated with delirium [30, 76]. 
Haloperidol at a dosage of 0.5–1.0 mg should be able to 
achieve effect. If there is no response within 1 h, a repeat dos-
age may be considered. If there is no effect after 2–3 mg of 
haloperidol, it is unlikely that the patient is going to respond. 
Antipsychotics administered in the acute setting have not 
been demonstrated to have increased mortality, but short term 

(6–12 weeks) use of antipsychotics are considered to carry an 
increased mortality, especially in cognitively impaired patients 
[86, 87]. Additionally, monitoring electrocardiograms should 
occur in patients on antipsychotics for more than 1 day due 
the compromised cardiac condition necessitating surgery and 
the risk QTc prolongation associated with antipsychotic use 
age. Finally, early evidence suggests that acute administration 
of antipsychotics may be associated with oropharyngeal dys-
phagia, which may further delay the recovery [88].

For patients with contraindications to antipsychotics such 
as Parkinson’s disease, Lewy Body dementia, prior seizures, 
and prior neuroleptic malignant syndrome, agitation may be 
better managed with benzodiazepines. In general, benzodi-
azepines disinhibit patients and patients should be monitored 
for a paradoxical reaction, where administration of the ben-
zodiazepine results in agitation. Additionally, prior work has 
shown that benzodiazepines may actually prolong or worsen 
the course of delirium [80].
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Abstract Rehabilitation following coronary heart events 
and procedures results in reduced mortality, improved risk 
factor profiles, and improved quality of life. The American 
College of Cardiology and the American Heart Association 
have published specific guidelines regarding the components 
of cardiac rehabilitation, which include nutritional counsel-
ing, weight management, blood pressure management, lipid 
management, diabetes management, tobacco cessation, 
psychosocial management, physical activity counseling, and 
exercise training. Although the majority of patients undergo-
ing cardiac rehabilitation have been younger than 65 years of 
age, recent studies demonstrate that cardiac rehabilitation is 
efficacious for the elderly as well. This chapter includes a 
complete description of the components of cardiac rehabili-
tation programs, and provides an overview of the efficacy 
and benefit of cardiac rehabilitation in the elderly.

Keywords Cardiac rehabilitation • Exercise • Elderly • Risk 
factor modification • Resistance training • Aerobic exercise 
• Lipid management • Blood pressure management • Physical 
activity • Smoking cessation • Diabetes management

In the 1920s, the standard of care for the treatment of patients 
experiencing myocardial infarction (MI) was 6–8 weeks of 
bedrest followed by “prolonged” inactive convalescence [1]. 
This policy continued until the 1940s and 1950s, when a car-
diologist named Leonard Goldwater demonstrated that 
60–70% of individuals in the Cleveland, Ohio area whom he 
had followed as cardiac patients returned to work [1]. This 
led to development of studies in the United States (US) and 
Great Britain to determine the physical, psychological, and 
socioeconomic well-being necessary for cardiac patients to 
return to work, and the methods of achieving this.. By the 
1970s, studies had been performed in Sweden [2], and other 
parts of Europe [1], as well as in the US and Great Britain.

Today, rehabilitation is considered the standard of care 
for patients after MI, and those undergoing coronary artery 
bypass grafting (C or percutaneous coronary interventions 
(PCI), and is supported by the American College of 
Cardiology (ACC) and the American Heart Association 
(AHA) [3–5]. In the last decade, the indications for such 
programs have been expanded to include patients with heart 
failure (HF) [6, 7], stable angina, peripheral arterial disease, 
and those undergoing heart valve replacement and heart 
transplantation [8, 9]. Moreover, rehabilitation no longer 
consists only of exercise, but includes components of risk 
factor management, nutritional counseling, and psychosocial 
assessment. Outcomes are not measured only in physical fit-
ness, but also in improvements in quality of life. Rehabilitation 
is designed not just to promote recovery from a coronary 
event or procedure, but also to provide “secondary preven-
tion” for future events [3–5].

Definition of Cardiac Rehabilitation

The US Public Health Service, ACC, AHA, and the American 
Association of Cardiovascular and Pulmonary Rehabilitation 
(AACVPR) have jointly defined cardiac rehabilitation as 
follows:

Cardiac rehabilitation services are comprehensive, long-term 
programs involving medical evaluation, prescribed exercise, car-
diac risk factor modification, education, and counseling. These 
programs are designed to limit the physiologic and psychologi-
cal effects of cardiac illness, reduce the risk of sudden death or 
re-infarction, control cardiac symptoms, stabilize or reverse the 
atherosclerotic process, and enhance the psychosocial and voca-
tional status of selected patients. [10]

In general, cardiac rehabilitation (CR) programs are 
divided into three phases:

Phase I, inpatient CR: “A program that delivers preventive 
and rehabilitative services to hospitalized patients following 
an index CVD [cardiovascular disease] event, such as an MI/
acute coronary syndrome.”
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Phase II, early outpatient CR: “A program that delivers 
preventive and rehabilitative services to patients in the out-
patient setting early after a CVD event, generally within the 
first 3–6 months after the event, but continuing for as much 
as 1 year after the event.”

Phase III, long-term outpatient CR: “A program that pro-
vides longer-term delivery of preventive and rehabilitative 
services for patients in the outpatient setting.” [8]

Core Components of CR/Secondary 
Prevention Programs

The AHA and associates have published what they consider 
to be the “core components” for CR and secondary preven-
tion programs [5]. These core components include patient 
assessment, nutritional counseling, weight management, 
blood pressure management, diabetes management, tobacco 
cessation, psychosocial management, physical activity coun-
seling, and exercise training. Each component includes a 
description of evaluation, interventions, and expected out-
comes (Tables 6.1 and 6.2) [5].

Patient Assessment

“Patient assessment” includes taking a complete history and 
performing a physical examination, obtaining a resting 
12-lead electrocardiogram, and performing testing as indi-
cated by the other core components (e.g., exercise testing) 
[5]. The intervention portion includes documentation and 
development of a treatment plan in conjunction with the 
patient’s primary care provider and possibly, a cardiologist. 
The patient should be prescribed aspirin, clopidogrel, beta 
(b)-blockers, lipid-lowering agents, and angiotensin converting 
enzyme (ACE) inhibitors or angiotensin receptor blockers, 
as recommended by the ACC/AHA [4]. Recently, the ACC/
AHA has also recommended that all coronary patients be con-
sidered for an annual influenza vaccination [4]. The primary 
outcome of this component is a documented treatment plan.

Nutritional Counseling

Eating habits, total daily caloric intake, and dietary content 
of fat and sodium should be determined. The patient should 

Table 6.1 AHA core components of CR/secondary prevention programs

Evaluation Interventions Expected outcomes

Patient  
assessment

Review history; perform physical 
examination; assess QoL;  
obtain resting ECG

Develop plan, communicate it to patient  
and PCP; ensure patient taking appropriate 
medications per ACC/AHA guidelines [4]; 
ensure influenza vaccination

Documented treatment plan, 
discharge plan, appropriate 
medications

Nutritional  
counseling

Assess caloric intake and diet, 
determine targets

Prescribe new dietary goals, educate  
patient and family, address  
compliance and behavioral change

Patient adheres to new diet

Weight  
management

Measure BMI If BMI >25, establish weight loss plan  
(including diet, exercise)

Patient achieves new weight goal

Blood pressure  
management

Measure BP, determine current 
treatment and compliance

If SBP 120–139 mmHg or DPB 80–89,  
provide lifestyle modification. If SBP ³140  
or DBP ³90, add drug therapy. If CKD, HF,  
or diabetes, add drug therapy for SBP ³130  
or DBP ³80

Maintenance of BP at goal

Lipid management Measure lipid profile, assess  
treatment and compliance,  
assess liver function

Provide nutritional counseling, add drug  
therapy if LDL >100 mg/dL; manage 
triglycerides to keep non-HDL cholesterol 
<130 mg/dL

LDL <100 mg/dL, non HDL 
cholesterol <100 mg/dL

Diabetes  
management

Identify complications; assess 
treatment and compliance

Educate patient to management, exercise FPG 90–130 mg/dL, HbA1c <7%

Tobacco cessation Determine status, readiness to  
quit, factors impeding success

Motivate and educate to quit, prevent relapse,  
use drug therapy if indicated

Patient quits

Psychosocial  
management

Identify problems, including  
mental illness, substance abuse

Offer counseling, medical referrals and/ 
or therapy

Emotional/mental well-being

Physical activity  
counseling

Assess current activity level  
and motivation

Recommend 30–60 min moderate activity  
daily

Increased activity, aerobic fitness, 
body composition, well-being

Exercise training Perform symptom-limited  
exercise testing

Develop individualized exercise program 
(aerobic + resistance)

Increased fitness, body  
composition, well-being

QoL quality of life; ECG electrocardiogram; PCP primary care provider; BMI body-mass index; BP blood pressure; SBP systolic blood pressure; 
DBP diastolic blood pressure; CKD chronic kidney disease; HF heart failure; LDL low-density lipoprotein; non-HDL non-high-density lipoprotein; 
FPG fasting plasma glucose; HbA1c glycosylated hemoglobin
Source: Data from ref [5]
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then be prescribed dietary modifications to maintain the fat 
and cholesterol limits associated with the Therapeutic 
Lifestyle Change diet [11]. The patient and family should be 
educated as to the necessary steps to achieve these goals, 
including compliance strategies and behavioral changes. The 
expected outcomes are that the patient adheres to the pre-
scribed diet and understands the benefits of doing so.

Weight Management

Body-mass index (BMI) should be determined, and for 
patients with BMI >25, a plan should be developed to reduce 
body weight by 5–10%, at a rate of 1–2 pounds per week. 
The plan should include methods to increase energy expen-
diture, i.e., exercise. Over time, the patient should reduce 
weight and be able to maintain his/her weight goal.

Blood Pressure Management

Blood pressure should be measured on two separate occa-
sions in both arms, including orthostatic measurements, and 
current treatment and compliance should be assessed. The 
goal is to maintain systolic blood pressure (SBP) £120 mmHg 
and diastolic blood pressure (DBP) £80 mmHg. If SBP is 
120–139 mmHg and/or DBP is 80–89 mmHg, lifestyle mod-
ifications should be recommended. If SBP is ³140 mmHg 
and/or DBP is ³90 mmHg, pharmacologic therapy should be 
added to lifestyle modifications. If chronic kidney disease 
(CKD), heart failure (HF), or diabetes mellitus (DM) is pres-
ent, pharmacologic therapy should be added for SBP 
³130 mmHg and/or DBP ³80 mmHg.

Lipid management: Fasting measurements of total, high-
density lipoprotein (HDL), and low-density lipoprotein (LDL) 
cholesterol and triglycerides should be obtained. Current 
treatment and compliance should be assessed. Nutritional 
counseling consistent with the therapeutic lifestyle change 
diet [11], and weight management recommendations should 
be initiated, with the goals of maintaining LDL £100 mg/dL 

and non-HDL £130 mg/dL. If lifestyle modifications are not 
sufficient to achieve these goals, pharmacologic therapy 
should be initiated. If so, liver function should be measured as 
recommended by the National Cholesterol Education Program 
[11]. In patients with DM, it “may be reasonable” to aim for 
LDL £70 mg/dL and non-HDL £100 mg/dL.

Management of Diabetes Mellitus (DM)

The presence or absence of DM and its complications, 
including retinopathy, nephropathy, neuropathy, and athero-
sclerotic manifestations, should be determined. Fasting 
plasma glucose (FPG) and glycosylated hemoglobin (HbA1c) 
should be measured at entry into the program. Interventions 
should be aimed at maintaining FPG levels of 90–130 mg/dL 
and HbA1c <7%. Interventions include dietary modifica-
tions, drug therapy, and exercise. Specific recommendations 
are provided for monitoring and treatment of blood glucose 
during and after exercise.

Tobacco Cessation

Patients’ smoking status should be determined, and every 
effort made to induce patients to quit tobacco use. Psychosocial 
and medical treatments can be employed. Family support 
should be encouraged.

Psychosocial Management

Psychosocial issues, including mental illness (depression, 
anxiety, anger), substance abuse, family/marital discord, and 
sexual dysfunction, should be determined at entry into the 
program, and interventions (referral to mental health pro-
vider, medical therapy, support groups, self-help strategies) 
should be implemented to treat these problems. This should 
involve the primary care provider and family as well as the 
patient. Patients should learn and take responsibility for 
behavioral change, relaxation, stress management, and com-
pliance with other therapies.

Physical Activity Counseling

Current levels of daily physical activity should be assessed 
using both questionnaires and quantitative methods such as 
pedometers. Patients should be encouraged to perform a 
minimum of 30–60 min per day of moderate-intensity physi-
cal activity most days of the week, through increases in 
domestic, occupational, and recreational activities.

Table 6.2 AHA exercise prescription

Aerobic Resistance

Frequency 3–5 days/week 2–3 days/week
Intensity 50–80% exercise capacity 10–15 repetitions per set
Duration 20–60 min 1–3 sets of 8–10 upper and 

lower body exercises
Modalities Walking, treadmill, cycling, 

rowing, stair climbing, 
arm/leg ergometry

Calisthenics, elastic bands, 
weights

Other Warm-up and cool-down Warm-up and cool-down
Source: Data from ref. [5]
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Exercise Training

Current level of physical fitness and exercise should be 
assessed, and an individualized program should be devel-
oped for each patient to increase physical fitness. Prior to 
entry into an exercise program, each patient should undergo 
symptom-limited exercise testing to ensure the patient’s 
safety with regard to cardiac events. Exercise programs 
should include both aerobic (endurance) and resistance com-
ponents (Table 6.2) [5].

Performance Measures

In 2007, the ACC and AHA, in conjunction with the American 
Association of Cardiovascular and Pulmonary Rehabilitation 
(AACVPR), published “performance measures” addressing 
the quality of care in CR programs [8]. The purpose of the 
performance measures is to “provide practitioners with tools 
for measuring the quality of care and for identifying oppor-
tunities to improve.” Ultimately, adoption of performance 
measures should reduce cardiovascular morbidity and mor-
tality, and improve quality of life in patients with CHD. The 
performance measures are based upon published evidence 
regarding the methodology and efficacy of CR programs, 
and are intended to be used for patients who have experi-
enced MI, CABG, PCI, or stable angina within the previous 
year. Although they do not specifically pertain to patients 
who have undergone heart valve procedures or transplanta-
tion, the writing group felt that they could be applied to these 
populations as well [8].

Two sets of performance measures were developed. The 
first pertains to the appropriate referral of patients to a CR 
program, and the second defines the optimal performance of 
the program. The measure addressing patient referral was 
developed because, despite the known benefits and 40 years 
of use of CR programs, less than 30% of eligible patients are 
currently referred [12–14]. The second was developed 
because although the AACVPR provides certification for CR 
programs, only 37% of programs within the US have sought 
and attained this certification [15]. The performance mea-
sures include those directed toward the structure of a pro-
gram, and those directed toward processes the program uses.

Performance Measurement Set A address referral, and 
proposes the following:

 1. “All hospitalized patients with a qualifying CVD [cardio-
vascular disease] event are referred to an early outpatient 
CR program prior to hospital discharge.”

 2. “All outpatients with a qualifying diagnosis within the past 
year who have not already participated in an early outpatient 
CR program are referred by their healthcare provider.” [8]

Performance Measure B addresses the delivery of CR ser-
vices, and includes both structural and process measures. 
They are as follows:

Structural measures

 1. “A physician medical director is responsible for the 
program.”

 2. “An emergency response team with appropriate emer-
gency equipment and trained staff is available during 
patient care hours.”

Process measures

 1. “Assessment and documentation of each patient’s risk for 
adverse events during exercise.”

 2. “A process to assess patients for intercurrent changes in 
symptoms.”

 3. “Individualized assessment and evaluation of modifiable 
CVD risk factors.”

 4. “Development of individualized risk-reduction interven-
tions for identified conditions, and coordination of care 
with other healthcare providers.”

 5. “Evidence of a plan to monitor response and document 
program effectiveness through ongoing analysis of aggre-
gate data.” [8]

All purveyors of CR are encouraged to adopt performance 
measures to assess their programs’ quality and patient care. 
The AACVPR/ACC/AHA document provides examples of 
instruments which can be used to implement the performance 
measures.

Safety of CR

Early in the development of CR, concerns were raised regard-
ing the safety of instituting exercise therapy in patients 
shortly after a CHD event. Over time, however, multiple 
studies have demonstrated that exercise performed with 
appropriate prescription and monitoring is very safe [9, 16, 
17]. Protocols recommend that physical rehabilitation be ini-
tiated following CHD events after 12–48 h of bed rest [16]. 
During this phase, activities should be limited to breathing 
and relaxation exercises, and activities such as sitting, stand-
ing, and walking. After 4–6 days, stair climbing can be 
added. Rehabilitation should be performed using electrocar-
diographic monitoring, and discontinued if any of the fol-
lowing occur: chest pain, dyspnea, increase in heart rate >20 
beats/min, decrease in heart rate >10 beats/min, decrease in 
blood pressure >10–15 mmHg, increase in SBP >200 mmHg, 
or increase in DBP >110 mmHg [16].

As patients move to an outpatient setting, it is important 
to perform a symptom-limited exercise test to determine 
prognosis and direct further rehabilitation. Symptoms which 
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would warrant discontinuation of the test and set appropriate 
limits for ongoing rehabilitation include chest pain, increas-
ing dyspnea or cyanosis, decrease in SBP >10 mmHg, 
increase in SBP >250 mmHg, increase id DBP >115 mmHg, 
dizziness or near fainting, significant arrhythmia, and ST 
segment elevation ³1 mm in leads without pathologic Q 
waves [16]. The target heart rate (HR) during training can be 
determined by the following formula:

The presence or absence of symptoms is used to determine 
where within the 40–80% the target heart rate should fall.

If patients are to undergo outpatient exercise in a home-
based environment, they should be trained to monitor their 
blood pressure and heart rates. Transtelephonic electrocardio-
graphic monitoring can be instituted if available. Appropriate 
forms of exercise, as described earlier, include treadmill 
training, bicycle ergometry, and walking [16]. Resistance 
training can be added progressively; it has been shown to be 
more beneficial in terms of improving fitness during activi-
ties of daily living [18].

Using this type of exercise prescription, CR has been 
found to be safe. Estimates are that “major” cardiac events 
such as MI and resuscitated cardiac arrest occur in only 1 of 
50,000–100,000 h of supervised exercise. Two fatalities were 
reported in 1.5 million patient-hours of supervised exercise 
[3, 19]. A scientific statement published by the AHA in 2007 
estimated that the risk of a major cardiac complication such 
as death, MI, or cardiac arrest was one event in 60,000–
80,000 h [20].

Efficacy of CR

Efficacy in Patients with MI, Stable Angina,  
and After CABG or PCI

Two meta-analyses addressing the efficacy of CR in these 
patient populations were published in the 1980s [21, 22]. 
These studies included more than 4,000 patients, and dem-
onstrated that patients randomized to exercise-based CR, 
experienced statistically significant reductions in both all-
cause and cardiac mortality of 20–25% compared to patients 
treated with “usual care.” In 1998, the National Health 
Service of Great Britain published an analysis of seven sys-
tematic reviews in the Health Care Bulletin on Cardiac 
Rehabilitation [23]. The findings of this analysis were that 
exercise improved physical aspects of recovery from CHD 
events and was safe, but as a sole intervention was not suffi-
cient to reduce morbidity and mortality.

Because of the contradictory results, as well as observations 
that the quality of the studies included in these early reviews 
and meta-analyses was poor, the Cochrane Collaboration 
undertook a meta-analysis of additional studies which was 
published in 2001 [24]. The objective of this analysis was to 
determine the efficacy of exercise-based CR, compared to 
usual care in terms of mortality, morbidity, quality of life 
(QoL), and risk factors in patients with CHD. Thirty-two 
randomized controlled trials (RCTs) including 8440 patients 
comprised the meta-analysis. The RCTs included patients 
who had experienced MI, undergone CABG or PCI, or had 
angina or CHD defined by angiography. Patients with HF 
and those who had undergone transplantation or valve proce-
dures were excluded. Studies were grouped according to 
whether exercise was the only component of the CR pro-
gram, or whether additional interventions such as dietary and 
weight management were included with the exercise pro-
gram (“comprehensive CR”).

All-cause mortality was reduced by 27% compared to 
usual care in the exercise-only CR programs. This reduction 
was statistically significant (OR 0.74, CI 0.51–0.94). In the 
comprehensive CR programs, all-cause mortality was 
reduced to a lesser degree, 13%, and this was not significant 
(OR 0.87, CI 0.71–1.05). Total cardiac mortality was reduced 
significantly by both exercise-only and comprehensive CR, 
by 31 and 26% respectively. However, there were no signifi-
cant reductions in either sudden cardiac death or recurrent 
non-fatal MI in either CR program.

There were not enough data to determine if significant 
reductions occurred in the prevalence of revascularization 
procedures (CABG and PCI). However, using a combined 
outcome of mortality, non-fatal MI, and revascularization, 
both exercise-only and comprehensive CR produced statisti-
cally significant 20% reductions in this combined “adverse” 
outcome.

Comprehensive CR also produced significant improve-
ments in total cholesterol, LDL cholesterol, triglycerides, 
and blood pressure. No significant improvements in smoking 
status were identified. Although health-related QoL improved 
in the comprehensive care programs, patients receiving usual 
care also showed significant improvements in QoL. The 
authors of the analysis noted that this finding highlighted the 
importance of recognizing the “natural course of recovery” 
after a CHD event.

Two meta-analyses addressing CR programs and their 
effects on CHD morbidity and mortality were published in 
the first decade of the twenty-first century [25, 26]. The anal-
ysis of Taylor et al. included 48 RCTs and 8,940 patients 
[25]. These authors found statistically significant reductions 
in all-cause (OR 0.80, CI 0.68–0.93) and cardiac (OR 0.74, 
CI 0.61–0.96) mortality with exercise-based CR, and improve-
ments in lipid levels, blood pressure, and smoking cessation. 
As in the Cochrane analysis [24], there were no reductions in 

Target HR resting HR (maximum HR

resting HR) (40 80%).
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non-fatal MI and revascularization rates. Health-related 
QoL improved in both the CR and usual groups.

The second analysis included 63 trials and 21,295 
patients, covering the period of time from 1966 to 2004 [26]. 
All-cause mortality was reduced (OR 0.85, CI 0.77–0.94); 
the effect was significantly greater in studies presenting lon-
ger follow-up. In 20 trials reporting 12 month data, the risk 
ratio was 0.97 (CI 0.82–1.14), while in seven trials reporting 
5 year data, the risk ratio was 0.77 (CI 0.63–0.93). The rate 
of recurrent MI was reduced by 17% at 1 year, and risk factor 
profiles improved. Significant improvements were also noted 
in QoL. Benefits were similar in programs that provided 
exercise only versus those that provided exercise and life-
style modifications.

The findings of these two more recent meta-analyses 
highlight two important points with regard to CR programs. 
First, pharmacologic agents for the treatment of CHD have 
changed dramatically over the last 10–15 years; in particular 
with the introduction of antiplatelet agents such as clopi-
dogrel, statins for the treatment of dyslipidemia, angiotensin 
coverting enzyme (ACE) inhibitors, and angiotensin recep-
tor blockers. It has been speculated that the use of these med-
ications might improve patients’ health status to the point 
that CR would not add benefits above those achieved with 
medications, and would become unnecessary. However, find-
ings of both recent meta-analyses clearly show that patients 
in more recent studies (published after 1995), who have 
received treatment with newer medications, derive the same 
benefits as those participating in studies prior to the introduc-
tion of these agents.

Secondly, it has been suggested that the introduction of 
PCI for the treatment of CHD might eliminate or reduce the 
need for CR. To address this, Hambrecht et al. randomized 
101 patients with stable angina to 12 months of exercise 
training or PCI. The exercise training consisted of 20 min per 
day of bicycle ergometry performed at 70% of maximal heart 
rate. Both groups received maximal medical therapy.

At the end of the study period, the group randomized to 
exercise experienced a higher event-free survival than the 
group randomized to PCI (88 vs. 70% respectively, P = 0.023). 
The exercise group also developed a higher exercise capacity 
and maximal oxygen uptake compared to the PCI group (16% 
increase, P < 0.001). Both groups experienced similar improve-
ments in symptom-free exercise tolerance. However, analysis 
revealed that the cost of PCI ($6956) was almost twice that 
of the exercise intervention ($3429, P < 0.001). The authors 
concluded that exercise training, together with medical man-
agement, is an effective alternative approach to interventions 
in “motivated” patients with stable CHD, and recommended 
that a large, multi-center trial be undertaken [27].

Although such a trial has not been performed, it seems 
logical to assume that PCI alone will not provide the compre-
hensive benefits associated with CR, such as improved lipid 

and weight management and QoL. Therefore, it is the opinion 
of these authors that patients should continue to be referred 
for CR following PCI, rather than considering PCI a replace-
ment for CR.

Efficacy of CR in Heart Failure Patients

The prevalence of HF in the US is increasing steadily, both 
because of the aging of the population, and the increasing 
survival rates following MI. The AHA currently estimates 
that there are 670,000 new cases in the US annually [28]. 
The prognosis of patients with newly diagnosed HF is poor, 
with approximately 40% dying in the first year [29]. Hospital 
admissions and costs are also increasing significantly.

To address these issues, CR has been evaluated for its effec-
tiveness in improving exercise capacity and reducing mortality 
in heart failure patients. A Cochrane Collaboration review of 
29 RCTs published in 2004 showed that CR increased exer-
cise capacity over one year of follow-up [30]. Specific 
improvements were observed in VO

2
max, exercise capacity in 

watts, exercise duration, and the results of a 6 min walk test. In 
2006, van Tol et al. published a study which confirmed the 
findings of the Cochrane review, and also noted improvements 
in QoL measured by the Minnesota Living with Heart Failure 
questionnaire in HF patients who underwent exercise training 
[31]. An update to the Cochrane review was published in 2010 
[6]. The objectives of this update were to determine whether 
exercise-based interventions for heart failure patients improved 
mortality, morbidity, hospital admissions, and QoL. Nineteen 
RCTs including a total of 3,647 patients were reviewed.

Exercise training was not found to confer a significant 
advantage toward survival in this review, although a non-
significant trend toward reduced mortality was observed in 
the trials with longer-term follow-up. There was also a non-
significant trend towards reduced numbers of patients 
admitted to hospitals. Admissions related to heart failure 
specifically were significantly reduced in the exercising 
patients (RR 0.72, CI 0.52–0.99, P = 0.04). Health-related 
QoL was significantly better in patients undergoing exercise 
compared to controls, and the improvements in QoL noted 
with exercise were also significant [6].

Efficacy in Patients Undergoing Valve 
Replacement Procedures

The literature addressing the benefits of CR in patients 
 undergoing procedures for cardiac valves is less extensive. 
No meta-analyses have been performed, and only a few small 
trials exist [32–35]. The majority of patients with valvular 
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disorders are significantly deconditioned prior to surgery. 
Although repair or replacement improves function, most 
patients are still only able to exercise at approximately 50% of 
normal controls 6 months postoperatively [36]. Patients under-
going procedures on the aortic valve recover more rapidly and 
more fully than those undergoing procedures on the mitral 
valve, particularly if pulmonary hypertension or depressed 
ventricular function is present prior to surgery [33].

Sire randomized 44 patients undergoing aortic valve 
replacement to a 1-month postoperative course of exercise 
therapy or usual care. He observed that physical work capac-
ity was increased significantly in the training group compared 
to the usual care group at 6 months (38% higher in the train-
ing group, P < 0.02) and 12 months (37% high in the training 
group, P < 0.025) [32]. Ueshima et al. randomized 64 patients 
undergoing valve replacement to exercise or usual care. Both 
VO

2
max and QoL, measured using a questionnaire, were 

greater in the exercising group than in the controls [35].

Efficacy in Patients Undergoing Cardiac 
Transplantation

There have also been a few studies addressing the benefits 
of CR in patients undergoing heart transplantation [37–40]. 
In general, these studies have involved programs conducted 
3–4 times per week for 3–4 months at moderate intensity 
levels. Overall endurance capacity has been observed to 
improve in exercising patients by 20–50%. A randomized trial 
of 27 heart transplant patients was performed by Kobashigawa 
et al [40]. These investigators found that VO

2
max increased 

significantly in patients randomized to 6 months of aerobic 
and resistance training (49% increase), compared to control 
patients randomized to “an unstructured home exercise pro-
gram” (18% increase, P = 0.01). A significant increase in 
workload measured in watts also occurred in the structured 
exercise group compared to the controls (P = 0.01).

Summary and Conclusions Regarding  
Efficacy

The heterogeneity and overall quality of the studies reviewed 
in meta-analyses of CR to some extent prevent drawing sub-
stantial conclusions. However, the preponderance of the data 
shows that CR reduces all-cause and CHD mortality, 
improves risk factor profiles, and enhances QoL in patients 
with MI, stable angina, and those undergoing CABG or PCI. 
Benefits persist despite the introduction of new therapies 
with pharmacologic agents and interventions. Comprehensive 
programs appear more effective overall than exercise alone.

Areas in which additional studies would be beneficial 
include the use of CR in patients with HF, valve procedures, 
and transplantation, the benefits of resistance versus aerobic 
exercise, the benefits in elderly patients (discussed below), 
women and minorities, and cost.

CR in the Elderly

In the US, patients ³65 years of age constitute more than half 
of the population experiencing MI and coronary revascular-
izations. However, they have generally been underrepre-
sented in CR [10, 41]. In the studies included in the Cochrane 
review published in 2001, the mean age of participants in the 
exercise-only arm of rehabilitation was 53.1 years; in those 
receiving comprehensive rehabilitation it was 56.3 years. 
Amazingly, many of the studies had an upper limit of partici-
pation of 65 years [24].

Elderly patients have lower functional capacity, and 
higher rates of depression and social isolation compared to 
younger patients. They are thus at particularly increased risk 
of disability and loss of independence after CHD events [9, 
41]. It has been suggested that their reduced functional status 
makes them particularly attractive candidates for CR – they 
have the most to gain [41]. Because of this lack of data, more 
recent studies have addressed the efficacy of CR in elderly 
populations [41–55].

Outcomes of CR in the Elderly

Morbidity and Mortality

The relationship between CR and mortality has not been well 
studied in elderly populations. However, a recent study of 
30,161 Medicare beneficiaries (average age = 74 yearsshowed 
a relationship between numbers of CR sessions attended and 
risk of death or MI. Patients who attended an average of 36 
sessions reduced their risk of death by 47%, and their risk of 
MI by 31% compared to those who attended only an average 
of 1 session (Table 6.3) [54]. The findings of a second, much 
smaller study demonstrated that all-cause mortality was lower 
(14%) in 37 patients undergoing 6 months of CR compared to 

Table 6.3 Risk of death and MI versus number of CR sessions 
attended

36 versus 24 36 versus 12 36 versus 1

Death 0.86 (0.77–0.97) 0.78 (0.71–0.87) 0.53 (0.48–0.59)
MI 0.88 (0.83–0.93) 0.77 (0.69–0.87) 0.69 (0.58–0.81)
Source: Data from ref. [54]
Hazards ratio and 95% confidence intervals for patients attending 36 
sessions versus lower number of sessions
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74 age-matched controls (28%, P = 0.081) [55]. A single 
study showed that patients undergoing CR had reduced mor-
bidity, manifested as a lower incidence of rehospitalization at 
3 months and 1 year, compared to control subjects (13 vs. 
29%, P < 0.04) [56].

Physical Fitness

Elderly patients undergoing CR were able to increase their 
physical fitness, measured by VO

2
max, estimated exercise 

capacity, and duration of treadmill walking [41, 43, 47, 53]. 
Estimated exercise capacity, measured as METS, increased 
in four studies from a mean of 5.1 METS to 6.6 METS 
[43, 57–59] following 3 months of CR. In a study performed 
by Lavie and Milani, the increases experienced by elderly 
patients (43%) were significantly greater than those experi-
enced by younger patients (32%, P < 0.01) [58].

Treadmill duration increased significantly in elderly 
patients treated with 3 months of CR compared to an age-
match group that did not exercise (47 vs. 8%, P < 0.001). In 
this study, patients who continued to exercise for an additional 
9 months maintained the improved fitness at 1 year [60].

In a more recent study, walking distance, measured by a 
6-min walk test, increased by approximately 32% in 300 
patients undergoing CR with a combined aerobic and resis-
tance training program after cardiac surgery. Walking dis-
tances improved in 97% of patients, of whom 26% were >75 
years old [61].

For the most part, exercise as part of CR programs has 
consisted of aerobic training such as bicycle ergometry or 
treadmill walking. However, in the elderly in particular, resis-
tance training is considered as important as aerobic training 
because of the presence of sarcopenia, the loss of muscle 
mass that occurs with aging. By increasing muscle mass and 
mitigating the effects of sarcopenia, resistance training has 
been shown to improve walking ability, functional status, and 
QoL in the elderly [41, 62, 63].

Resistance training was evaluated in a study comparing 
arm and leg strength in younger and older patients after CHD 
events. In this study, arm and leg strength improved to similar 
degrees in the elderly,as compared to the younger patients after 
3 months of resistance training [46]. The authors noted that 
this was particularly significant, given that aerobic activities 
such as walking are limited by leg strength in the elderly [41].

In a more recent RCT, 42 elderly women with CHD 
(age >65 years) were randomized to a 6 month program of 
resistance training or “light yoga and breathing exercises.” 
The primary outcome measurement was performance of 16 
activities of daily living compiled in the Continuous Scale 
Physical Functional Performance test. At the completion of 
the training program, patients in the training group performed 
13 of 16 activities faster or with increased weight carried 

 compared to the controls (all P < 0.05). Measures of 
 endurance, balance, coordination, and flexibility improved 
in the training group [64].

Exercise training and physical activity are clearly as 
important in the elderly population undergoing CR as they 
are in the younger patients. Resistance training is likely to 
play a more important role in the elderly, whose overall 
physical status is much lower at entry.

Risk Factor Therapies

Small improvements have been noted in measures of obesity 
in patients undergoing CR [43, 52, 58, 59, 65]. In particular, 
Lavie’s group noted 1% decreases in weight and BMI (both 
P < 0.05), and a 6% decrease in percentage of body fat 
(P < 0.001) in 268 elderly patients with a mean age of 70 ± 4 
years [65]. Few studies have been performed to determine 
the effects of CR, and specifically statin medications, on 
lipid profiles in the elderly. However, subgroup analyses of 
larger trials have shown impressive reductions of mortality 
and non-fatal CHD events [66–68]. For example, the find-
ings of the Scandinavian Simvastatin Survival Study demon-
strated that simvastatin decreased CHD mortality by 42% in 
patients <65 years of age, and by 43% in patients ³65 years 
[50, 66]. Furthermore, because the very elderly (³75 years) 
are at increased risk for CHD events and death, they experi-
ence greater absolute benefits.

Both smoking cessation and hypertension management 
result in reductions in morbidity in patients >70 years of age 
undergoing CABG [69, 70]. While smoking cessation reduces 
mortality, anti-hypertensive treatment in the elderly reduces 
the risk of stroke, major cardiovascular events, and HF.

Psychosocial Disorders and QoL

Depression is common in the elderly, with a prevalence of 
10–15%. Anxiety occurs in up to 20% of older patients [71, 
72]. Depression, anxiety, and social isolation have been shown 
to increase the risk of developing CHD and the risks of mor-
bidity and mortality after a CHD event [73]. In one study, CR 
resulted in a 50% reduction in the prevalence of depression, 
as well as a 57% reduction in depression score (P < 0.0001) 
[71]. In a second study of the very elderly (age >75 years), 
CR improved scores of anxiety (−66%), somatization (−42%), 
depression (−56%), and hostility (−65%) [59].

Quality of life scores also improved in the very elderly 
(+20%) [59] following CR. Lavie and Milani demonstrated 
significant improvements in QoL as assessed by the Medical 
Outcomes Score Short Form-36, including total quality of 
life (+13%), well-being (+11%), function (+16%), pain 
(+20%), general health (+8%), energy (+18%), and mental 
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health (+5%) following CR. An RCT demonstrated signifi-
cant improvements in 7 QoL measures in 50 patients aged 
65–84 years randomized to 3 months of exercise +optimal 
medical therapy, compared to an age-matched group ran-
domized to medical therapy alone [47]. More recently, the 
ENRICHD trial demonstrated smaller, but still significant, 
improvements in QoL following a cognitive behavioral inter-
vention alone (without the other components of CR) in 
elderly CHD patients [74].

Summary and Conclusions

Taken together, published data clearly supports the use of CR 
in the elderly. In fact, the elderly CHD population appears to 
gain more from CR than younger participants because of 
their poorer status prior to entry [41]. CR nterventions should 
be similar to those used in younger patients, but exercise 
should include a component of resistance training.

A major barrier to achieving widespread benefits from 
CR in elderly populations has been the reluctance, or lack of 
understanding, of physicians to refer elderly patients to CR 
programs [10, 41]. Future efforts should be directed toward 
educating these physicians regarding both the safety and effi-
cacy of CR in the elderly.
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Abstract The provision of cardiothoracic surgery services 
to older patients takes place within a pervasive legal environ-
ment. It is imperative for health care professionals working 
in this arena to be conversant with the major legal consid-
erations that affect their activities. This chapter surveys two 
particular relevant areas of legal regulation. First, it discusses 
medical malpractice litigation, with special concentration 
on the legal risks confronted in the realm of cardiothroacic 
surgery for older persons, focusing on the elements of a 
negligence claim and how the applicable standard of care 
is established and proven, with notice of the risk manage-
ment implications. Next, the chapter reviews the elements of 
the legal doctrine of informed consent. Particular attention 
is devoted to the question of decisional capacity in older 
patients and the various potential types of surrogate decision-
making that might be employed when an older patient is not 
able to make autonomous medical choices personally.

Keywords Law • Ethics • Legal • Malpractice • Informed 
consent • Litigation • Liability • Competency • Regulation 
• Negligence • Statutes • Attorneys

Introduction

As is true for other medical specialties, cardiothoracic sur-
gery, including surgery performed on older patients, is exten-
sively regulated in the United States in a variety of ways 
(although this chapter focuses exclusively on medical prac-
tice in the United States, many of the legal and ethical consid-
erations discussed later apply to other countries as well) [1]. 
Under our federal system, governmental regulation of the 
actual practice (as opposed to the economics) of cardiotho-
racic surgery occurs for the most part at the state level, mainly 

through the activities of state medical boards that enforce the 
licensure and disciplinary provisions of their respective state 
Medical Practice Acts [2]. The states regulate medical prac-
tice under their inherent police power to protect and promote 
the health, safety, welfare, and morals of the general popula-
tion and under their parens patriae (or parental) authority to 
protect individuals (including some older people) who are 
unable to protect themselves from harm. In addition to gov-
ernment regulation, a number of private entities contribute to 
the oversight of medical practice through their standard- 
setting and disciplinary activities [3]. These private bodies 
include hospital medical staffs [4], specialty certification 
boards [5], and medical specialty societies [6].

A further source of regulation is the American judicial 
system, under which the courts may be utilized by individual 
patients who bring private civil malpractice lawsuits to seek 
financial compensation from particular surgeons and other 
health care providers for harms that they have wrongfully 
caused. Particularly egregious behavior (such as patient 
abuse) may even subject a health care professional to crimi-
nal law punishments.

Information about adverse actions taken by any of these 
regulatory or quasi-regulatory bodies against a physician is 
collected in the National Practitioner Data Bank (NPDB). 
The NPDB is maintained by a private contractor for the fed-
eral Department of Health and Human Services pursuant to 
the Health Care Quality Improvement Act of 1986 [7].

This chapter examines two specific areas of legal regula-
tion affecting the practice of cardiothoracic surgery for older 
patients. These foci are medical malpractice litigation and 
informed consent requirements (including the problem of 
older patients with capacity too impaired to make their own 
health care decisions).

Medical Malpractice

Chest surgeons are at relatively high risk of being named as 
defendants in medical malpractice actions [8, 9]. Claims 
brought by (or on behalf of) cardiothoracic surgery patients 
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often involve allegations of delay in surgery, error in surgical 
technique [10], and health care-acquired infection [11]. 
Wrong-site surgery also accounts for many legal claims [12], 
although this should be much less of a problem in the realm 
of chest surgery than in some other surgery situations. Their 
legal apprehensions exert a negative toll on many surgeons, 
for example discouraging a large number of them from 
admitting their clinical mistakes and apologizing to patients 
for them [13].

Elements of a Claim

In a typical malpractice lawsuit based on the tort theory of neg-
ligence, the plaintiff/patient must prove each of four essential 
elements in order for the professional liability to be imposed by 
the court. Failure to establish any one of these elements defeats 
the plaintiff’s entire claim. The four elements of a prima facie 
negligence claim are as follows: (a) a duty owed; (b) breach or 
violation of that duty (negligence); (c) damage or injury; and 
(d) both factual and legal (proximate) causation [14].

Duty/Standard of Care

The surgeon owes a professional duty only to one with 
whom that surgeon has established a physician/patient rela-
tionship. Within that relationship, the legally enforceable 
duty owed is one of “due care” or “reasonable care under 
the circumstances.” In the medical context, common law 
(judge-made law) tort doctrine, which is developed incre-
mentally on a case-by-case basis, and applicable state stat-
utes ordinarily require the physician to have and to use the 
degree of knowledge and skill that is usually possessed and 
used by competent similar physicians in the same or similar 
circumstances [15].

The “similar physicians” whose degree of knowledge and 
skill set the standard of care against which the defendant’s 
conduct will be measured in any particular case are that defen-
dant’s peers – that is, practitioners of the same profession and 
specialty as the person whose actions are being reviewed. 
Thus, a thoracic surgeon ordinarily is compared with others 
practicing thoracic surgery. In almost every jurisdiction today, 
the standard of care drawn from one’s professional peers is 
formulated on a national, rather than just a local, basis.

Fact-finders (ordinarily a jury, otherwise the judge acting 
in a fact-deciding capacity as well as a decider of legal ques-
tions) must determine the applicable standard of care in any 
particular case. The fact-finders look to a variety of sources 
for that standard of care. Customary practice prevailing at 
the time of treatment among a majority or at least a “respectable 
minority” of the defendant’s peers usually carries substantial, 

but not necessarily conclusive, weight. Relevant statutes and 
regulations, especially those relating to professional licen-
sure and discipline, are also a part of the equation, as are 
voluntarily adopted clinical practice guidelines or parame-
ters [16] and professional codes of ethics [17]. “Voluntary” 
(but nonetheless potentially admissible into evidence at trial) 
standards of care may be created by professional organiza-
tions [18] or by private accrediting or certifying bodies such 
as the Joint Commission [19] or the Accreditation Association 
for Ambulatory Healthcare [20]. Additionally, a hospital’s 
internal policies and procedures may be introduced into evi-
dence to help prove the standard of care to which physicians 
and others practicing within that hospital should be held 
legally accountable. Medical journal literature, textbooks 
(learned treatises), and informational materials for medical 
devices and drugs approved for physician use on patients by 
the Food and Drug Administration also may be introduced 
into evidence for the fact-finder’s consideration.

As noted earlier, the legal duty owed by health care pro-
fessionals is reasonable or due care under the circumstances. 
The circumstances influencing the applicable standard of 
care certainly include the patient’s age and related needs and 
capacities. The surgeon must be thoroughly sensitive to and 
knowledgeable regarding the patient’s particular age-based 
characteristics that may affect diagnostic or therapeutic deci-
sion making and action for an older patient. For example, a 
patient’s age is likely to exert an impact on which drugs are 
prescribed, the risks they may pose to the patient (especially 
concerning polypharmacy), and the proper dosages and 
routes of administration. Further, the ability to factor the 
patient’s age into calculating the risks of mortality and mor-
bidity of proposed surgical interventions is part of the physi-
cian’s duty of due care in advising the patient.

In a medical malpractice trial, both parties ordinarily 
attempt to educate the lay (i.e., not medically trained) fact-
finder about their respective versions of the applicable stan-
dard of care through the testimony of expert witnesses [21]. 
First, the judge determines as a matter of law whether a par-
ticular preferred witness possesses sufficient credentials to 
be allowed to testify as an expert and present a professional 
opinion; usually, it means that expert testimony about the 
standard of care applicable to the performance of a cardio-
thoracic surgeon may only be provided by another qualified 
cardiothoracic surgeon. However, there have been a few 
exceptions, when general surgeons have convinced judges 
that they have sufficient expertise to qualify as expert wit-
nesses regarding the practice of cardiothoracic surgery. 
Potential expert witnesses may be drawn by either party from 
a national pool, since the standard of care is a national rather 
than a local one. Once a legal decision has been made to 
allow the jury to hear the expert testimony of a witness on the 
standard of care to which the defendant should be held 
accountable, then it is up to the fact-finder to decide how 
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much weight or credibility to attach to the witness’ testimony. 
Lately, the testimony of expert witnesses (mainly those testi-
fying for plaintiffs) in medical malpractice trials has begun 
to be scrutinized for accuracy by professional organizations 
and state medical boards [22].

Breach of Duty

The second necessary element the plaintiff must prove in a 
negligence-based malpractice lawsuit is a breach or violation 
of the applicable standard of care – the element of negli-
gence. The concept that a defendant may be held legally 
liable only when shown to be at fault is fundamental to the 
traditional American tort system. Although there continues 
to be proposals made to move the handling of medically-
caused patient injuries in the direction of some form of 
no-fault system [23], fundamental alteration of the existing 
tort system is unlikely in the foreseeable future.

Negligence may occur in any one of three categories. 
Nonfeasance is fault happening through inaction or omission – 
failing to do something that should have been done. 
Misfeasance consists of performing an act that should have 
been performed, but doing it in a substandard manner. By 
contrast, malfeasance is the performance of an act that should 
not have been done in the first place.

In the surgical context, this means that the surgeon is 
legally obligated to properly assess the patient before sur-
gery, both in terms of the need for surgery in light of viable 
alternatives and in terms of the likely risks for that patient. 
Additionally, the surgeon is expected to perform the actual 
surgery competently. The duty of due care extends to engag-
ing in reasonable preoperative actions to reduce risks, as well 
as to competent handling of postoperative care involving 
somatic problems, pain control, and confusion. After hospi-
tal discharge, the patient is entitled to adequate follow up 
care by the surgeon for a reasonable period of time.

Delineating the legally enforceable standard of care 
becomes a particularly difficult matter in the murky area of 
surgical innovation. At present, surgical innovation is treated 
for malpractice litigation purposes as a species either of 
generally accepted and practiced therapeutic care, on the 
one hand, or of biomedical research involving human sub-
jects (with its own extensive, distinct web of regulations) 
[24], on the other hand. Some commentators have suggested 
that this approach is fair neither to the patients nor to the 
practitioners, and instead advocate the development of a 
third, separate legal standard-setting track for innovative 
activity that is supported by some – but not yet a conclusive – 
body of evidence [25].

The surgeon may be held personally liable for the conse-
quences of his or her own negligent acts or omissions. 

The surgeon also may be held vicariously liable, under the 
doctrine of respondeat superior, for negligent conduct 
engaged in by an employee of the surgeon (e.g., a nurse 
employed to assist in caring for patients in the physician’s 
office) while acting within the scope of the staff member’s 
employment. The longstanding “captain of the ship” doctrine 
in the past was used to hold the surgeon responsible for the 
negligence of anyone participating in an operation, on the 
theory that the surgeon as “captain of the ship” ought to be in 
charge of – and precluded from delegating away responsibil-
ity for – everything occurring during the surgery; thus, for 
example, under this doctrine liability would be imposed on 
the surgeon for retained instruments, sponges, and needles 
forgotten in the patient, even though the nurses (not the sur-
geons) were the ones who personally erred in counting [26]. 
Although automatic application of the “captain of the ship” 
doctrine has been widely discredited today as unrealistic in 
light of the complexity of the modern operating room, courts 
will look at the surgeon’s right of control over staff members 
and impose vicarious liability when such a right of control 
(whether or not it actually is exercised) is present.

Thoracic surgery occurs within a hospital or other cor-
porate (either for-profit or not-for-profit) entity such as an 
ambulatory surgery center. Many patient injuries (including 
many of those leading to malpractice litigation) are caused 
by multifaceted health care delivery system failures, rather 
than by isolated deficiencies in the knowledge, skills, or 
character of an individual surgeon or other single members 
of the health care team [27, 28]. The entity within which the 
surgery takes place may be sued not just derivatively under a 
vicarious liability rationale for the acts and omissions of its 
employees, but also directly under a corporate liability the-
ory for systemic negligence that causes patient injury. Health 
care institutional providers owe independent duties to their 
patients, including the duty to properly evaluate and super-
vise the physicians they employ or to whom they grant clini-
cal admitting and treating privileges [29].

Damage or Injury

For the third requisite element of proof in a malpractice action, 
the plaintiff must produce sufficient evidence that some dam-
age or injury has taken place. In the cardiothoracic surgery con-
text, virtually all filed claims involve an allegation of physical 
injury, with severity of injury being the most important single 
factor influencing the decision to sue. Particularly in claims 
involving older patients, frequently the patient’s death is the 
injury claimed. Often, claims for emotional injuries (suffering) 
are raised in conjunction with physical injury complaints.

If a meritorious malpractice claim has been established to 
the jury’s satisfaction (i.e., by a preponderance of the evidence), 
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a judgment is entered by the court and the defendant is 
ordered to pay a specific amount of money damages to the 
injured plaintiff. Ordinarily, this financial payment is made 
by the defendant’s liability insurance carrier on the defen-
dant’s behalf and is reported to the NPDB as an adverse 
action relating to that physician [30].

The overwhelming percentage of successful malpractice 
lawsuits involves the awarding of compensatory damages. 
These dollars are intended to compensate the victim for his 
or her injuries, to make the victim “whole” again (to the 
extent that money can accomplish that objective). Pecuniary 
(also called economic or special) compensatory damages 
encompass precisely measurable out-of-pocket expenditures 
or lost opportunity costs, such as extra medical bills, special 
equipment needs, and forgone wages. By contrast, nonpecu-
niary (also known as noneconomic or general) damages 
encompass real – but more subjective and hard to measure – 
losses, such as pain and suffering.

Punitive or exemplary damages are over and above com-
pensatory amounts. These are rarely awarded in malpractice 
cases, because these damages are intended to punish defen-
dants for egregious, intentional wrongs (such as patient 
abuse), and to set an example to deter others from engaging 
in similar conduct. Negligence is the theoretical basis for 
most medical practice lawsuits and, by definition, consists of 
unintentional wrongdoing; therefore, punitive or exemplary 
damages would not make much sense in the negligence con-
text. However, it is noteworthy that as a strategic maneuver, 
plaintiffs sometimes include a request for punitive damages 
in their complaints solely to be able to introduce before the 
jury what otherwise would be inadmissible evidence con-
cerning the robust financial status of the defendant.

Causation

Frequently, the most difficult element to prove in a malprac-
tice action is that the injury suffered by the patient was caused 
by the defendant’s negligence. This is an especially big hur-
dle for many older patients to surmount, because often it can 
be counter argued by the defendant that any adverse results 
sustained are the product not of physician (or other health 
care provider) negligence, but rather the natural and probable 
consequence of the older patient’s underlying illness(es).

First, the plaintiff must establish that the physician’s neg-
ligence was a cause in fact of the injury. Under this require-
ment, it must be shown either that “but for” (sine qua non) 
the physician’s negligence the injury would not have occurred 
or, alternatively, that the physician’s negligence was at least 
a substantial factor in bringing about the injury.

Moreover, the plaintiff is required to show that the physician’s 
negligence not only was the factual cause of the injury suffered, 

but also that it was the most direct or proximate cause of the 
injury sustained. That is, there can be no intervening, super-
ceding (i.e., unforeseeable) factors that occur to break the 
causal link between physician negligence and patient injury. 
Take, for example, the case of a surgeon who performs an 
operation improperly. As a result of the surgeon’s mistake, it 
is necessary for the patient to undergo additional surgery the 
next day. On the way from the patient’s hospital room to the 
operating room, the patient falls out of a wheelchair in which 
he or she was insecurely tied by an orderly, hits the floor, and 
suffers additional injuries. The surgeon’s error the previous 
day in the operation would be a cause in fact of the new inju-
ries; “but for” the physician’s negligence, the patient would 
not have been in the process of being transported to the oper-
ating room and the injuries would not have happened. 
However, in this scenario, the physician would not be liable 
for the additional injuries because the orderly’s failure to 
transport the patient properly was an intervening, superceding 
(i.e., unforeseeable) event that broke the necessary proximate 
cause link.

Informed Consent

Under the ethical principle of autonomy or self-determina-
tion, every adult patient (with no upper age limit) has the 
right to make personal decisions regarding medical care, 
including decisions about which diagnostic and treatment 
interventions to undergo or decline. This ethical principle 
has been translated into the legal doctrine of informed con-
sent [31]. In their legal formulation, the substantive parts of 
informed consent doctrine have evolved over time as a prod-
uct of state common law. Moreover, the majority of states 
have enacted statutes and promulgated regulations spelling 
out a jurisdiction’s specific details regarding informed con-
sent. It is important to note that, although the patient has the 
right to decline a particular suggested diagnostic or thera-
peutic intervention, there exists no correlative right to 
demand medical tests or treatments that the physician 
believes to be worthless or even harmful to the patient; 
indeed, in such circumstances, the physician has an obliga-
tion to refuse to accede to the patient’s demand [32].

Elements

For a patient’s choice about any specific medical intervention 
to be considered an ethically and legally valid exercise of 
informed consent, three distinct but interconnected elements 
must be present. These elements are voluntariness, knowledge 
or information, and decisional capacity.
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Voluntariness

First, the patient’s participation in the decisional making pro-
cess and the ultimate decision must be voluntary. This means 
it must take place free of force, fraud, duress, intimidation, 
or any other form of undue constraint or coercion [33].

Information

Second, the patient’s medical choice must be adequately 
knowledgeable or informed. The physician has the responsi-
bility to communicate in understandable nontechnical terms 
material information about the patient’s medical situation 
(i.e., information that might make a difference to a reason-
able patient). According to well-established legal precedent, 
as well as pertinent state statutes and regulations, specific 
data items that need to be shared with the patient include the 
following: the diagnosis, nature, and purpose of the proposed 
intervention(s); all reasonably foreseeable risks; the likeli-
hood of success; viable alternatives and their reasonably 
expected benefits and risks; the result expected if the recom-
mended intervention is declined; and the physician’s profes-
sional recommendation [34].

There are other pieces of information that some com-
mentators and courts have argued should also be included as 
part of the informed consent litany, namely: complementary 
and alternative medicine alternatives, which are increas-
ingly popular with older individuals; the cost implications 
of the proposed intervention for the patient (an item of 
importance to many older individuals); the particular physi-
cian’s personal experience in performing, and success rate 
with, the specific intervention recommended; other provider-
specific information (such as a drug or alcohol dependency 
problem [35] or the physician’s age-related deterioration in 
physical and/or cognitive performance) [36] that might act 
as enhanced risk factors; the physician’s financial incentives 
arguably impacting the patient’s care; the level of uncer-
tainty in the medical community regarding the particular 
recommended intervention for someone in this specific 
patient’s situation; and the role, if any, that defensive medi-
cine considerations are playing in the health care provider’s 
treatment proposal.

Commenting upon the informed consent process, one set 
of physician authors has suggested the following:

Taking the time to discuss the surgery with the older patients and 
their families promotes a clearer understanding of risk and benefits 
and will help to reduce the chance of false expectations with sur-
gery. Incorporating the common geriatric care format of patient 
and family conferences in the surgical environment can be very 
helpful. In such discussions, it is often apparent that an older pa-
tient has a different outlook and acceptance of a specific level of 
care. Shorter-term goals, such as the quality, not quantity, of life may 
be most important. Additionally, the tolerance of surgery may be 

different than that of a younger person. The understanding that a 
longer time to recover may be necessary is often best communi-
cated in this forum. It is also important to inform the patient and 
family that an intermediate-care program may be needed, such as 
a subacute care center, a rehabilitation unit, or the extended use 
of home care services [37].

To understate the matter, there is substantial opportunity 
for improvement in the information communication part of 
the informed consent process, which ideally should serve as 
an educational and bonding, as well as a risk management, 
role [38]. Available evidence indicates that physicians com-
monly have a poor, if any, understanding of their legal obli-
gations in this arena, and patients often quite inadequately 
understand the information provided to them [39].

Decisional Capacity

Valid decisions require that there be a capable decision 
maker. A patient must be cognitively and emotionally able to 
weight alternatives rationally; autonomous choices cannot 
be made by a nonautonomous person. The United States 
legal system begins with a rebuttable presumption that every 
adult is capable enough to make his or her own medical deci-
sions if provided with sufficient information.

However, for some geriatric patients, this aspect of medi-
cal decision making may be problematic. There is a signifi-
cant and increasing incidence of dementia, depression and 
other affective disorders, delirium, and other mental health 
problems such as psychoses among older individuals [40, 41]. 
Because the severity of mental illness, in terms of cognitive 
and behavioral impairment and therefore the illness’ impact 
on functional ability, varies for different patients at different 
times along a continuum [42, 43], there is not an automatic, 
precise correlation between an older person’s clinical diag-
nosis and a simple, dichotomous determination that the indi-
vidual definitively does or does not possess sufficient present 
capacity to personally make important decisions about med-
ical care.

In every case, the attending physician needs to assess, 
either formally or informally, the particular patient’s deci-
sional capacity [44]. Sometimes collaboration or consulta-
tion with a psychologist or psychiatrist in this endeavor can 
be very helpful [45]. A large amount of well-funded psycho-
logical and psychiatric research has been undertaken over 
the past few decades aimed at developing and disseminating 
new standardized instruments useful for the specific purpose 
of reliably measuring decision-specific capacity among older 
individuals [46, 47]. Nonetheless, there exists no single, uni-
form, scientifically agreed upon standard of legal compe-
tence/decisional capacity for making medical decisions. 
“Although tests can help to measure the patient’s ability to 
make medical decisions, observing the patient’s ability 
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to handle the information given is more valuable, and more 
important, than administering any test” [48].

Questions that should be included in the physician’s tacit 
or explicit inquiry about a patient’s decisional capacity are 
given below:

 1. Can the patient make and communicate (in any manner) 
any choices regarding medical interventions?

 2. Can the patient articulate any reasons for the choices 
made (to indicate that some sort of reasoning process is 
taking place)?

 3. Are the stated or apparent reasons given to explain the 
patient’s choices rational in the sense that the patient starts 
with a factually accurate understanding of the medical 
circumstances and can reason logically from those cir-
cumstances to a conclusion?

 4. Does the patient understand or appreciate the implica-
tions, including the foreseeable personal risks and bene-
fits, of the alternatives presented and choices made?

Several considerations should guide the physician’s assessment 
of a patient’s decisional capacity. Most importantly, first, 
capacity is a matter of whether the patient has at least a mini-
mally sufficient (not necessarily a perfect) degree of func-
tional ability, regardless of the clinical diagnosis (which may 
be central for the purpose of designing the recommended 
treatment plan) or whether the physician personally agrees or 
disagrees with the patient’s decision. Second, capacity needs 
to be determined on a decision-specific basis [49]. A patient 
may be capable of rationally making certain kinds of deci-
sions but not necessarily others. A decision about undergo-
ing cardiothoracic surgery ordinarily involves an array of 
complex facets concerning significant potential risks, bene-
fits, and alternatives, and thus requires a relatively high level 
of cognitive/intellectual and emotional capacity on the 
patient’s part.

Decisional capacity is variable, rather than static, over 
time in many older patients. It may wax and wane in particu-
lar cases depending on the environmental factors, such as 
time of day (for instance, the sundowning phenomenon in 
the elderly), day of the week, physical setting, presence of 
acute or transient treatable medical problems, other persons 
involved in supporting or pressuring the patient’s decision, 
or the patient’s reactions to medications. Physicians often 
can affect their patients’ capacity, for better or worse, through 
the details of their care (e.g., through the choice and timing 
of medication administration). Physicians should endeavor 
to communicate with patients and, when possible, time the 
actual decision-making process around a patient’s windows 
of lucidity.

Additionally, many older persons may be capable of 
engaging in assisted consent with extra time and effort on the 
physician’s part, especially if a person has supportive family 
or friends available. For instance, an older patient who 

cannot process information as swiftly or easily as a younger 
person still may be able to sufficiently understand the 
complexities of a proposed treatment if afforded enough 
emotional support.

Surrogate Decision Making

Even when a patient is determined by the medical team to 
lack sufficient present capacity to autonomously make spe-
cific necessary decisions about recommended interventions, 
informed consent principles apply nevertheless. What is dif-
ferent is that decisions must be made for that patient by a 
surrogate or proxy. The modern trend pertaining to all of the 
various mechanisms of surrogate decision making has been 
toward the substituted judgment standard. Under this 
approach, the surrogate is expected to make the same deci-
sions that the patient would make, according to the patient’s 
own priorities and values to the extent they can be ascer-
tained, if the patient were presently able to make and express 
his or her own authentic decisions. The subjective substituted 
judgment standard is most consistent with respect for patient 
autonomy. When it cannot realistically be ascertained what 
the now-incapacitated patient would have decided if imbued 
with adequate present capacity, the surrogate is expected to 
act in a fiduciary or trust agent role and rely on the historic 
best interests standard. That test mandates that decisions be 
made in a manner that, in the surrogate’s considered judg-
ment, would confer the most benefit and the least burden on 
the incapacitated individual.

Formal designation of a surrogate with legal authority to 
act as the patient’s surrogate for medical decision-making 
purposes may be accomplished through several different 
channels. These mechanisms are outlined later.

Guardianship/Conservatorship

Creation of a guardianship or conservatorship (the precise 
terminology varies among jurisdictions) is the most legally 
definitive means of transferring decision-making power to a 
surrogate without the patient’s permission. It entails appoint-
ment by a state court of a surrogate (the guardian/conserva-
tor) who is empowered to make certain decisions on behalf 
of an incompetent person (the ward). This legal process hap-
pens in response to a petition filed by the family, a health 
care facility, a financial institution, the local adult protective 
services (APS) agency, or another “interested” party. The 
legal proceeding involves review (usually very swift and def-
erential) by the court of the sworn affidavit or live testimony 
of a physician who has examined the alleged incompetent 
person. Most courts strongly prefer to appoint a family member 
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who is willing and able to act as a guardian/conservator; in 
the absence of a willing and able family members, however, 
the court may appoint someone else (such as a close friend) 
or a public (governmental) guardianship program [50] or 
volunteer guardianship program if those options are locally 
available.

Creating total, or plenary, guardianship entails an exten-
sive deprivation of an individual’s fundamental personal 
rights. When a deprivation of rights (such as the right to 
make one’s own medical decisions) is involved, there exists 
a legal and ethical policy that society should intervene only 
in the least restrictive or least intrusive manner possible con-
sistent with accomplishing the purpose of the intervention. 
On the basis of this least restrictive alternative doctrine, lim-
ited or partial guardianship/conservatorship is preferred 
whenever feasible over the plenary variety. In every American 
jurisdiction, courts have been given the statutory authority to 
limit a surrogate’s power in terms of duration and the types 
of decisions covered.

Durable Power of Attorney

A person may take steps, while still decisionally capable, 
to anticipate and prepare for his or her eventual incapac-
ity. The individual may do this by voluntarily delegating 
or directing future medical decision-making power. The 
Durable Power of Attorney (DPOA) is a legal document, 
explicitly authorized by state statute, in which a decision-
ally capable individual (the principal) privately directs, 
by appointing an agent (the attorney-in-fact, who need not 
be an attorney at law), the making of medical decisions in 
the event of future incapacity. The principal may give the 
agent general or specific instructions to direct future med-
ical decision making, or may make an unrestricted grant 
of authority.

The DPOA is distinguishable from the regular or ordinary 
power of attorney. The latter ordinarily is used to delegate 
power to make arrangements and take actions regarding 
financial or property affairs, and the agent’s authority expires 
when the principal becomes decisionally incapacitated. In 
the medical decision-making sphere, therefore, an ordinary 
power of attorney is pretty much useless.

DPOAs fall into two categories. An immediate DPOA 
comes into effect immediately on the naming of an agent. In 
a springing DPOA, by contrast, the legal authority is trans-
ferred (“springs”) from the patient/principal to the agent only 
when some specified future event (such as confirmation of 
the principal’s incapacity by an examining physician) has 
occurred. DPOAs in both of these categories allow for the 
transfer of decisional authority to an authorized agent, 
according to the patient’s wishes, without any necessity of 
court approval or oversight.

Family Authority Statutes

In the absence of judicial appointment of a guardian/conservator 
or the patient’s formal designation of an agent, the longstand-
ing medical custom has been for physicians to turn to family 
members (when available) to function as surrogates for inca-
pacitated patients. This practice has been codified in more 
than 30 states by legislative enactment of “family consent” 
statutes that expressly authorize specific relatives, enumer-
ated in a priority order, to make particular kinds of decisions 
(including medical decisions) for incapacitated persons. This 
statutory codification of common practice is based on the 
assumption that family members generally know best the basic 
values and preferences of their relatives (thus making substi-
tuted judgment possible) or, at the least, will act as trustwor-
thy advocates for their relatives’ best interests. However, 
health care professionals must be alert to possible serious 
conflicts of interest – financial and otherwise – that can render 
a relative inappropriate to act as a surrogate decision maker 
for the patient.

Documentation of Patient or Surrogate Consent

Although implied consent (implied by the patient’s compliant 
conduct) is sufficient for medical interventions that are not 
very intrusive or risky, surgery ought to be done only when 
the patient (or the patient’s authorized surrogate) has indi-
cated consent to the intervention expressly, and specifically in 
writing. A signed separate consent form does not by itself 
constitute compliance with legal requirements; the doctrine 
of informed consent ideally refers to a dynamic shared deci-
sion-making process revolving around information provision 
and interactive communication between the physician and 
patient (or surrogate) [51]. A signed consent form does not 
take the place of the requisite process of communication, but 
it does facilitate proof that the process took place in the event 
that the sufficiency of informed consent is challenged after 
the fact. In addition, voluntary accreditation standards with 
which the physician’s affiliated institution complies, such as 
those of The Joint Commission, may require the use of sepa-
rate written consent forms for particular categories of medical 
interventions, certainly including surgery.

Emergency Exception

In the case of life-threatening emergencies, the law excuses 
noncompliance with the usual informed consent require-
ments, on the rationale that we generally presume that a 
patient confronted with such an emergency would consent 
(if currently able) to medical interventions necessary to 
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preserve that person’s life. Reliance on the emergency 
exception to dispense with obtaining the voluntary, informed, 
and capable consent of the patient or surrogate prior to initi-
ating an intrusive and risky medical intervention such as car-
diothoracic surgery should be strictly limited to situations in 
which: there is a true life-threatening medical emergency; 
time is of the essence and delay will greatly diminish the 
likelihood of success; the patient is unable at the time to 
make an autonomous decision about medical care; there is 
not enough time to identify, locate, and consult with a legally 
authorized surrogate decision maker; there is insufficient 
time to apply for a court order; and surgery is the least intru-
sive and risky alternative for accomplishing the goal of pro-
longing the patient’s life.

Institutional Ethics Committees

Standards of the Joint Commission require that hospitals 
have a mechanism in place for resolving ethical dilemmas 
about patient care. Ethical dilemmas may arise regarding the 
propriety of performing cardiothoracic surgery on a particu-
lar older patient, especially if the patient is decisionally inca-
pacitated and either there is no one available to act as a 
surrogate decision maker or the available surrogate demands 
a course of action that appears to be inconsistent with the 
patient’s substituted judgment and/or best interests.

One mechanism for addressing such disputes is the institu-
tional ethics committee (IEC). The IEC is an internal, interdis-
ciplinary structure set up to help a health care facility or agency 
and its professional staff deal with difficult treatment decisions 
in an ethically acceptable way. IECs vary among institutions 
and agencies in terms of exact size, composition, structure, 
processes, activities, and place within the organizational 
bureaucracy. IECs may be involved in such functions as draft-
ing organizational policies, education of staff and the public, 
and case consultation on a concurrent or retrospective basis.

The involvement of an IEC in any particular case proba-
bly has positive legal benefits for the provider organization 
and its individual health care professionals. Such involve-
ment may reduce unnecessary guardianship petitions, deter 
possible lawsuits against the organization and its individual 
health care professionals, and evidence good faith to bolster 
the providers’ defense against any professional malpractice 
civil action that might be brought in this context.

Conclusion

Cardiothoracic surgeons, other health care professionals, and 
the institutions and organizations within which older patients 

are served inevitably and continuously interact with laws and 
the legal system. These interactions may concern panoply of 
pertinent topics (e.g., medical records, confidentiality, living 
wills, Medicare and other financing programs, and so on). 
This chapter has surveyed a couple of broad arenas within 
which such interaction is likely to occur and to directly affect 
every physician who cares for older patients. For personal-
ized attention and advice in particular circumstances, espe-
cially pertaining to the detailed law of a specific jurisdiction, 
specialized legal consultation should be sought from knowl-
edgeable attorneys in private practice, counsel and or risk 
managers employed or retained by the institutional health 
provider, the health care professional’s liability insurance 
carrier, and/or an IEC.
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Abstract This is a time of turmoil in the United States health 
care system. Political discussions center mostly around 
financial issues, but these issues have serious implications 
for the elderly population, the fastest growing segment of the 
general population. What will be done with Medicare is still 
unknown at this time, but whatever is done will have great 
impact on health care for the elderly. Information gathered 
over the last 1–2 decades indicates clearly that cardiotho-
racic surgery in the elderly is associated with outcomes, 
including mortality and resource use, that is little different 
from that of the younger people – higher mortality rates are 
associated with comorbidities, more frequent in older indi-
viduals, not with age. There is a temptation to discount the 
remaining few years of life of people who have already lived 
out most of their days, but how is one to determine the value 
of one life over another?

General ethical problems that affect everyone have par-
ticular relevance to the elderly. For example, it is more 
important for elderly individuals to execute advance direc-
tives, as the potential for needing them is closer at hand than 
it is for younger people. The elderly are more likely to refuse 
curative care, and when little more can be done for their 
diseases, they will have need for palliative care. Perioperative 
management must be much more meticulous in the elderly 
for both technical and ethical reasons; for example, preop-
erative planning for changing the goals of treatment if seri-
ous complications occur is especially important if we are to 
avoid marching along the road to futility. The high incidence 
of dementia in the elderly also raises questions of decision-
making capacity when the need for surgery arises, or when 
they are asked to participate as patient-subjects in clinical 
investigations. Although there are special ethical concerns 
for individuals over the age of 70 or 80 years, when they 
present with a cardiothoracic surgical problem, they become 
our patients and deserve the best that we can offer them.

Keywords Ethics • Bioethics • Health care • Philosophy of 
medicine • Geriatrics • Elderly patients • Cardiothoracic 
surgery in the elderly • Health care reform • Ancient Greek 
philosophy • Euthanasia • Physician-assisted suicide  
• Technological imperative • Health care rationing • Palliative 
care • Palliative sedation • Medical decision making • Ethics 
of transplantation • Surrogate decision

Life is a moderately good play with a badly written third act. 
– Truman Capote.
In youth we run into difficulties. In old age difficulties run into us.
– Beverly Sills.

Introduction

Contemporary discourse on the ethics of health care for the 
elderly has been driven by political partisanship, particularly 
in the highly publicized attempts by Congress to reform 
health care. Debate about the rational use of limited health 
care dollars has degenerated into polemics about greedy 
insurance and drug companies, negligent physicians, death 
panels, and socialized medicine, pitting “individual choice” 
against the “greater good” and feeding fears of lack of access 
to health care with the uncertainties of growing old and 
debilitation. As health care sector expenditures move closer 
to consuming 20% of the US Gross Domestic Product, many 
seek a framework for understanding how individual needs 
and wants can be satisfied within the bounds of reasonably 
available resources. Some see equitable distribution of lim-
ited resources as the goal of reform, while others claim that 
maximizing individual freedom and responsibility is the 
goal. Arising from those broad goals are myriad disparate 
strategies. Are health care dollars better spent on prevention 
to reduce the scourge of disease for the many while reducing 
or eliminating “big ticket” treatments for the few? Do we pay 
for all diagnostic tests ordered defensively by litigation-
sensitive physicians and by technology-oriented house officers 
until the well of health care dollars runs dry?
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What stage of life should be the focus of health care pol-
icy? Perhaps it should be childhood, for our children are the 
future of our nation and arguably deserve the best of care. 
For some childhood problems, however, the care can be atro-
ciously expensive and of questionable value, as in the case of 
the premature neonate with grade IV intracerebral hemor-
rhage and perforated viscus, who languishes for months in 
the neonatal intensive care unit, destined for repeated expen-
sive hospitalizations. Alternatively, adult heads of house-
holds support families both financially and emotionally – should 
they be the focal point? The elderly lie at the distant end of 
the life-stage spectrum. In many ways, they seem to be the 
least likely candidates for our attention, because they have 
lived their lives, so perhaps should give way to younger peo-
ple who have a great deal more living to do.

Consideration of health care for the elderly raises many 
questions. At what age does one enter elderhood? For that 
matter, is chronological age a proper factor in medical deci-
sion making? In a centrally managed health care system, 
should policy makers weigh medical needs and associated 
costs against the elderly’s personal resources? In a free-mar-
ket-based system, individuals decide what services to buy 
and how much to spend, but should that be allowed in the 
market for health care? How much should we spend to main-
tain the quality of life of a septua-, octa-, or nonagenarian? 
Should any resources at all be expended on the very old for 
curative care, or should only palliative care be offered after a 
certain age, as some have proposed? [1]. How do we decide 
whether to expend X dollars to add an additional 5 years to 
the end of a long life rather than to spend those X dollars to 
save, extend, or improve the lives of those in the middle or at 
the beginning of life? At a more fundamental level, when we 
ask questions in the first person plural, who is the “we” we 
are talking about – the vague, shadowy entity we call society, 
government at the national or some other level, public and 
private institutions such as hospitals and insurance compa-
nies, or we as individuals? [2].

Politicians frame the moral dilemmas facing the health 
care system in terms of limited financial resources, but the 
ethical foundations of health care are broader and deeper 
than suggested by that narrow focus. Financial obligations 
are largely a contemporary concern and do not define the 
whole or even a substantial part of health care ethics. The 
complex reality is this: philosophers have continually refined 
notions of health, illness, and the obligations of physicians 
since antiquity. The ancient Greeks emphasized the nature of 
health and illness, how one should think about them, and 
what should be the appropriate responses to their various 
manifestations. Physicians of that time had more theories 
than prognostic judgment, more prognostic judgment than 
diagnostic acumen, and more diagnostic acumen than effec-
tive treatment. They expended less effort in treating illness 

and avoiding death than on prognostication and helping 
patients to face inevitable mortality. Yet, much in ancient 
philosophy is relevant today. Perhaps particularly pertinent 
in considering problems related to the elderly and their situ-
ation in life is the philosophy of Stoicism.

Epictetus was a first-century former slave who studied 
Stoicism and became one of its best-known proponents. For 
him, death in and of itself is neither good nor bad – it is “an 
indifferent” [3] (see Fig. 8.1). There is no intrinsic value, pos-
itive or negative, in becoming ill or dying. Illness strikes and 
the patient suffers. Little could be done to arrest this process, 
so emphasis was on how one should face inevitable disability 
and death. As a former slave, Epictetus saw clearly that much 
is outside the control of both the well and the sick. He saw 
that a key to happiness lay in understanding the difference 
between those things we can control and those we cannot. 

Fig. 8.1 Portrait of Epictetus, from engraved frontispiece of Edward 
Ivie’s Latin translation of Epictetus’ Enchiridon, printed in Oxford 
in 1751. The subscription is an epigram from the Anthologia Palatina 
(VII 676) and reads: “I was Epictetus the slave, and not sound in all my 
limbs, and poor as Irus, and beloved by the gods” (Irus is the beggar in 
the Odyssey) (this image is in the Public Domain; see http://commons.
wikimedia.org/wiki/File:Epicteti_Enchiridion_Latinis_versibus_
adumbratum_(Oxford_1715)_frontispiece.jpg)
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Focusing on events outside our sphere of influence is 
exhausting, futile, and leads to unhappiness. We cannot 
change the inevitability of death; we can only hope to influ-
ence how we react when it is imminent. To face the end with 
courage and forbearance is better than attempting to evade it. 
Even suicide holds value to the ancient Greeks. Epictetus 
saw suicide as a window that could be left open, an option to 
combat the fear or pain of a turbulent end. He cautioned 
against ending one’s life as if one were a capricious child 
who casts aside a toy when it becomes boring. Life should 
not be lightly relinquished, but sometimes knowing that the 
manner or timing of one’s end is in one’s control can mitigate 
the unhappiness of illness and the fear of death, a viewpoint 
held today by those who support assisted suicide [4].

Euthanasia was viewed differently, however. Pythagoras 
vehemently proscribed the spilling of blood, and Hippocrates 
famously promoted the concept of avoiding harm when treat-
ing patients (see Fig. 8.2). Actively seeking the death of a 
patient was prohibited, regardless of the worthiness of the 
underlying intent. To participate in taking another’s life 
would irreparably shatter the foundational trust required by 
the physician–patient relationship. The potential for abuse of 
such power would subsequently call into question the char-
acter of the physician. Thus, the prescribed behavior of phy-
sicians was firmly anchored in treating patients in the best 
manner possible and avoiding disproportionate harm at all 

costs. These views of the ancients capture aspects of human 
nature and the human condition that have not changed over 
millennia and continue to guide contemporary physicians in 
their approaches to illness and death.

The straightforward view of medical ethics by ancient 
philosophers persists today in the many variations on the 
themes of the Hippocratic Oath recited by graduating medi-
cal students. Over the course of the twentieth century, how-
ever, ethics in the health care field has become much more 
complex. Several subdisciplines of ethics in the health-
related professions can be distinguished: bioethics, which 
broadly addresses relationships among biological sciences, 
medicine, politics, law, philosophy, and theology; global eth-
ics, which links biology, ecology, medicine, and human val-
ues; clinical ethics, which narrowly relates to appropriate 
care of patients; and medical ethics, which even more nar-
rowly speaks to the professional conduct of physicians.

In the second half of the twentieth century, explosions in 
scientific discoveries about human physiology and patho-
logical processes and in technologies used to expand our 
diagnostic and therapeutic capabilities have dramatically 
changed health-related ethics. Among the most important 
changes seen in the physician–patient relationship – it is no 
longer dyadic, as third parties are ubiquitous in health care. 
Physicians must plan diagnostic strategies, arrange consulta-
tions, and implement evidence-based care in the context of 
multidisciplinary teams, in which responsibilities are fre-
quently diffused.

A convenient way to think about ethics is in terms of prin-
ciples that can be used to identify and resolve ethical issues; 
a commonly used set of such principles are the four princi-
ples advanced by Beauchamp and Childress, which some 
have called the Georgetown Mantra: respect for persons, or 
respect for autonomy, beneficence, nonmaleficence, and jus-
tice [5]. These were originally articulated as three rather than 
four principles (a view we prefer), because beneficence and 
nonmaleficence were seen as two sides of the beneficence 
coin in the 1979 Belmont Report, discussed later in this chap-
ter. Respect for persons centers around an individual’s auton-
omy, or self-determination, the ability to decide for oneself a 
course of action. Beneficence comprises complementary 
principles, maximization of benefits, and minimization of 
harms to the patient. When making decisions for patients, the 
benefits/harms ratio should always be positive, and the greater 
the ratio, the better. Justice is more difficult to define, because 
there are many different (and often incompatible) under-
standings of what justice is. The concept most frequently 
used in contemporary ethics is distributive justice, or fairness 
in distributing health care goods and services. This view has 
been rejected by many – for example, on pragmatic utilitarian 
grounds [6] and on libertarian grounds [2] – but persists in 
bioethical and political discussions and debates.

Fig. 8.2 Depiction of Asclepius (center) visiting Kos, Hippocrates 
(left), a person from Kos (right); floor mosaic, “Kos, Asclepeion” 
(photo by Dr. Phil. Heinz Schmitz; Creative Commons Attribution 
ShareAlike 2.5 License; see http://commons.wikimedia.org/wiki/
File:HSAsclepiusKos_retouched.jpg)
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Further Considerations of Illness  
and Death in Old Age

Personhood

Who are we during the final stages of our lives, should we be 
fortunate enough to reach an advanced age? Our notion of 
self is tied to our achievements and failures, the virtues we 
have inculcated in ourselves, and the values we have gained 
and lost. Our selves are determined by the careers from 
which we have retired or the compilation of jobs that com-
posed our economic lives. We have worked hard, exchanged 
goods and services with others, and paid taxes. We are mem-
bers of a family and have loved, married, produced, and 
reared children from infancy through high school or college 
education, and have taken pride in being a child, sibling, and 
parent of loved ones. To a large extent, we have made our-
selves into the persons we are, in the context of the social 
nexus in which we have lived our lives [7].

How we think and act is a product of our choices and expe-
riences and of our conception of ourselves within the world 
around us [8]. Throughout life, both our world and we our-
selves change as we encounter new experiences and adapt to 
them. As we age, mental acuity declines, yet we can still make 
choices that correspond with the general character of our prior 
intact life. Autonomy should be respected, even when deci-
sion-making capacity is somewhat diminished. Rarely if ever 
does dementia stand still, with time, loss of mental acuity pro-
gresses most rapidly in those suffering from dementia. 
Eventually, with increasingly severe loss of mental capacity, 
the person becomes different from her former self, and begins 
to make decisions that are incongruous with her life-long 
character, values, and patterns of decision making. Choices 
may become random, aimless, and contradictory. At this 
point, the person has lost the capacity for self-determination 
that the principle of respect for autonomy is meant to protect. 
Her ability to achieve her own goals – goals that may no lon-
ger exist at all – and participate in life’s ordinary activities has 
been lost. The obligation of others to respect the current 
choices of the demented person has evaporated – respect for 
her autonomy must now be expressed through a surrogate.

The Technology Pendulum

As we have noted, Epictetus wrote that the key to happiness 
is to focus and act upon events that are within our control, 
and simply accept the events we cannot control. Death can be 
faced honorably, nobly, and peacefully [3]. For some, death 
is too great an insult to be easily accepted, whereas for others 
it comes easily upon the heels of a full life. Western culture 

has engaged in a struggle against death with an increasingly 
complex array of treatments and interventions, based upon 
advancing medical knowledge and technology. The military 
metaphor of medicine as a war against disease and death has 
ancient roots, but was reinvigorated in 1971 when President 
Nixon proclaimed a war on cancer in his State of the Union 
address, and signed the “National Cancer Act” [9]. Our ther-
apeutic arsenal consisted of aggressive surgical attacks, che-
motherapeutic weapons whose toxic side effects had not yet 
been defeated, and radiation therapies that left patients 
scarred inside and out (and ironically increased the risk of 
other malignancies later in life). The later 1970s saw a gen-
eralized softening of attitudes and increased interest in such 
options as alternative medicine and palliative care, redirect-
ing patients’ attention from cure to comfort.

The late twentieth and early twenty-first centuries have 
seen the pendulum swing back toward technologically intense 
interventions. Several factors have contributed to this effect: 
therapeutic alternatives have expanded because of new diag-
nostic modalities, improved chemotherapeutic agents with 
fewer side effects, advanced surgical techniques, and better 
postoperative care. In addition, the pharmaceutical industry is 
at the forefront of medical care; elderly patients are very 
frequently taking an array of medications to treat their many 
medical problems.

Rationing Health Care for the Elderly

A particularly controversial view of technological progress 
has been expressed by Daniel Callahan, an elder statesman 
of the philosophy of medicine. He argues that we, as a soci-
ety, have become too captivated by technology and have 
failed to recognize an important truth: “Aging is a part of life, 
not just another medical obstacle to overcome” [10]. He has 
criticized the views that public entitlement programs, spe-
cifically, Medicare, should be blind to age and should pay for 
health care of the elderly by the same standards as everyone 
else [1]. After achieving certain public policy goals, such as 
universal health care, curative care should be denied to every-
one after a certain age, he says; only palliative care should be 
offered. He estimated the age at which curative care should 
no longer be offered to be somewhere in the late 70s or early 
80s years of life, based on a “natural life span,” which he 
takes to be an average age at which most people had lived an 
adequately though not necessarily completely full life.

Callahan’s idea of rationing based on age generated a 
storm of criticism – over 100 critical papers appeared over 
the next several years – leading to a second edition of the 
book that added that the subtitle, “With A Response to My 
Critics” [11]. In this book, he observed that there had been 
a great deal of success in developing treatments for a variety 
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of illnesses common in the elderly, but the successes were 
 creating the problem of too much technology, so what was 
needed was “radically slowing up and eventually plateauing 
the forward march of expensive medical progress.” Consi-
dering the principles of respect for persons, beneficence,  
and justice, Callahan’s view falls outside of all three: it 
respects the autonomy of neither patients nor physicians, 
brings net harms rather than benefits to elderly patients, and 
treats the elderly unequally.

Palliative Care

Rational goals for optimal medical care are variable and con-
tingent. Whether a patient is deemed to be in the throes of a 
terminal decline or is merely old, the goals of care may 
undergo a subtle change. Seeking the next potential cure may 
become less urgent and its place gradually taken by comfort 
measures. Instead of the next round of chemotherapy or sur-
gical resection, it is ethically permissible, even laudable, to 
focus on relieving pain and adequately treating depression. 
When the patient or family has chosen to redefine the param-
eters of care, changing from the goal of cure to that of com-
fort, many options become available. For patients with pain 
or psychic distress, various kinds and levels of analgesia and 
sedation can help. Nourishment at the end of live can be pro-
vided in a variety of ways. Comprehensive palliative care is 
multifactorial, whether the need arises from dementia, termi-
nal illness, or simply the gradual decline of old age.

The medical care of patients with dementia is unique, in 
part because it is a progressive and incurable disease but is not 
necessarily terminal. The prevalence of dementia is increas-
ing because longevity is increasing. At this time, roughly 1 in 
8 persons over 65 years of age suffer from Alzheimer’s dis-
ease at various stages. The diagnosis is made in a new patient 
every 70 s. By 2050, new diagnoses will be made every 30 s, 
because by then over 21% of the population will be older than 
65 years of age [12]. The increasing number of the elderly 
and the reality that dementia inexorably leads both to loss of 
self-determination and to a requirement for long-term care 
demonstrate the importance of planning for long-term care, at 
both the individual and the policy levels.

Planning for decline of decision-making capacity is diffi-
cult for individuals because it is difficult to conceive of being 
incapacitated and thereby to make decisions for an uncertain 
future. Video depictions of dementia may assist patients in 
advance care planning by depicting the actual care required, 
leading to better understanding of the nature of the disease, 
the care it requires, and less uncertainty about their wishes 
for future care. In a recent study, after viewing such a video, 
most individuals opted for comfort care, a small number 
chose limited care, and no patient chose life-prolonging care 
when faced with severe dementia [13].

Other Palliative Care Options

When redefining goals as the end of life approaches, other 
options may allow individuals to deal with pain and anxiety 
and, in Epictetus’ sense, to take control of suffering into their 
own hands. These options include voluntarily stopping eating 
and drinking (VSED), palliative sedation, and physician-
assisted suicide (PAS) [14]. A mentally competent person 
who is able physically to take oral nutrition may elect VSED 
and simply resist eating and drinking. Death comes gradually 
in 1–3 weeks, by way of dehydration; the more prolonged 
deaths occur in those who continue to drink fluids. Under 
those conditions, VSED requires no assistance from caregiver 
or physician, only the resolve of the patient; under the principle 
of respect for persons, this is an ethically sound position. Several 
concerns about VSED remain, however. Hunger or thirst may 
temporarily increase discomfort, but usually appetites are 
suppressed in the infirm, and hunger and thirst dissipate. The 
extended time until death, however, may be unbearable if 
severe pain, nausea, or anxiety is a prominent feature.

Palliative sedation can be an invaluable tool for end-of-life 
care when unrelieved distress clouds the patient’s last days. 
There are three levels of sedation [15]. Ordinary sedation is 
used when the patient is normally conscious; sedatives are 
administered until noxious symptoms abate and the patient is 
comfortable. The level of adequate sedation is maintained, 
and if consciousness wanes, doses are reduced or medica-
tions changed to preserve awake interaction with reduced 
anxiety. Proportionate palliative sedation for intractable suf-
fering is the next higher level; it is often used to remove the 
last trace of distress before death. Palliative sedation to 
unconsciousness is the most controversial level of sedation, 
because the primary goal is unconsciousness, which is an 
unintended side effect of the other sedation strategies. For 
severe physical symptoms such as bleeding or an inability to 
manage oral secretions or “suffering that is predominantly 
existential or due to the dying patient’s need for control,” the 
level of sedation is increased until the patient becomes unre-
sponsive and is kept at that level until death occurs.

VSED and palliative sedation are relatively commonly 
used for end-of-life care in hospice, but PAS, in which the 
physician prescribes a lethal dose of a drug, often a barbitu-
rate, is illegal in all states except Oregon and Washington 
[16]. Although the physician provides the drug, the act of 
ingesting the lethal dose is completely voluntary. For some, 
the simple act of having an “outlet” available is enough to 
regain a modicum of control and comfort. PAS requires that 
the patient be physically capable of ingesting all of the pre-
scribed pills and absorbing them, because if not, incomplete 
sedation could occur, and the patient might not die quietly 
and comfortably as desired, but instead be taken to a hospital 
for additional unwanted interventions.
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PAS generates several ethical dilemmas. Yale Kamisar, a 
long-time opponent of legalizing PAS on legal grounds, 
describes three kinds of opposition to PAS [17]. The first pos-
its that PAS is inherently morally wrong. Long-accepted ethi-
cal principles state clearly that physicians must not purposely 
harm patients without compensatory benefits. The second 
objection is that the relationship between the physician and 
patient will be fatally compromised if PAS were legalized, 
because assisting patients in death could foster distrust and 
misgivings among family members, and physicians could 
become uncertain of their role as sustainers of life, now 
become messengers of death. The third camp opposes PAS 
on grounds of a potential legal slippery slope. Even if an indi-
vidual case is emotionally compelling, the consequences of 
legalization are dangerous because a law that begins as a final 
option for terminally ill patients in uncontrollable pain or suf-
fering may eventually be applied to vulnerable people or 
those who are not yet truly at life’s end. In other words, legal-
izing PAS opens the door to euthanasia. A fourth position has 
been offered: PAS is wrong for the first three reasons, but 
assisted suicide by nonphysicians might not be [18].

Ethical issues posed by the aging process range widely. 
Contemporary clinical ethics arose from controversies 
involving human experimentation in the mid-twentieth cen-
tury, as we will discuss later. Its emphasis on the principles 
of autonomy, beneficence, and justice requires that patients 
be given enough information about proposed research or 
medical interventions to provide informed consent, that the 
benefits of the research or the medical interventions out-
weigh the risks, and that the distribution of benefits and bur-
dens is just and equitable. Thus far we have mainly focused 
upon self-determination and the difficulties inherent in an 
elderly population, especially given the prevalence of demen-
tia in that group. There are times, however, when the elderly 
require active care for general medical or surgical problems 
or cardiothoracic surgical diseases. When the end of life is 
not imminent, palliation is not an option and decisions must 
be made about the extent of care to be offered.

Cardiothoracic Surgery in the Elderly

Health care is not intended simply to return the patient to 
some status quo ante, but to enhance quality of life, under-
stood as including restoration of the vibrancy that was asso-
ciated with an earlier stage of life [19]. Few medical 
specialties can enhance quality of life more consistently than 
cardiothoracic surgery, which often offers the elderly a 
chance to regain lost vigor. The common thread that emerges 
from various pathological features of cardiac valve and coro-
nary artery diseases is the patient’s inexorable symptomatic 

decline. Activity levels diminish until quality of life suffers 
from an inability to participate in the daily activities that 
make life meaningful. Unlike the degenerative processes of 
aging, most cardiac diseases are related to a mechanical 
problem, and once the faulty mechanisms are repaired, 
bypassed, or replaced, patients fare better. Much encouraging 
information has become available within the last 20 years on 
cardiothoracic interventions in the elderly. For octogenari-
ans, the primary goal of cardiac surgery is not longevity; 
rather, the primary goals are safety, survival, and the “gain of 
comfort in daily life” [20]. Postoperative quality of life in a 
study of 136 octogenarians undergoing open heart surgery 
was generally good: 81% had little to no disability and 93% 
were symptom-free or nearly so. During a 2½-year average 
follow-up, 97% of survivors lived either in their own homes 
or with family. Quality of life in nonagenarians after cardiac 
surgery is the same as that of an age and disease matched 
population [21]. The effects of lung surgery on physiological 
and mental measures of quality of life are not different 
between elderly and younger patients [22, 23].

Survival after repair of aortic dissections in the elderly in 
recent reports have been good; operative survival and mid-
term postoperative survival of patients 70 years of age or 
older has been comparable with those of patients less than 70 
[24] (see Fig. 8.3). In a study that compared operative and 
nonoperative management of type A dissections in octoge-
narians surgical repair was associated with lower hospital 
mortality, but the 5-year survival was the same as those man-
aged medically [25]. This was partly due to decreased phys-
ical and mental functioning postoperatively, including 
intellectual capacity that led postoperatively to an elevated 
incidence of pneumonia, sepsis, stroke, and complications 

Fig. 8.3 Kaplan-Meier survival curves for patients undergoing repair 
of aortic dissections, less than 70 years of age (Group 1) and patients 70 
or older (Group 2), showing that operative and mid-term postoperative 
survival was not significantly different between the two groups 
(reprinted with permission from Chiappini et al. [24], Copyright 
Elsevier 2004)
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from remaining bedridden. Patients survived the surgery, but 
the relatively poor functional level was not anticipated by 
patients or their families, who generally believed that benefits 
of successful surgical management of the dissection paled in 
comparison to the harms of formerly independent patients 
sliding into “dementia and diapers” [26].

In general, survival of the very old with life-threatening 
cardiothoracic disease is better with surgery than without. 
For example, aortic valve replacement for severe aortic 
stenosis leads to a much better prognosis than does medical 
management in patients over 80 years of age: survival with 
and without valve replacement at 1, 2 and 5 years is 87, 78, 
and 68% vs. 52, 40, and 22%, respectively [27]. Similar 
results have been reported by others [28]. Selected nonage-
narians who underwent open-heart surgery had a mean sur-
vival rate of 5.1 years after surgery and an actuarial survival 
rate of 67% at 3 years, as good or better than a matched pop-
ulation (see Fig. 8.4).

In elderly patients, early postoperative delirium ranges 
between 5 and 21%, and after the acute phase, ability to con-
centrate, memory, and restful sleep suffer [29, 30]. Although 
cognitive activity often declines after cardiac operations, qual-
ity of life is frequently better postoperatively than it was pre-
operatively [27, 31–33] (see Fig. 8.5). Social support is a 
positive factor in postoperative recovery. The 6-month mortal-
ity rate is lower in elderly patients who have good social or 
religious attachments than in those who do not have such 
attachments [34]. Some character traits have a beneficial effect 
on postoperative quality of life; they include a take-charge 

attitude and general optimism. After coronary bypass 
operations, patients are generally happier, more energetic, 
more able to perform strenuous activity, and less limited in 
social interactions than they were preoperatively [33].

The literature on cardiothoracic surgery in the elderly 
 discloses a prevailing theme of greater risk in the elderly 
than in younger patients. The older the patient, the greater 
the incidence of comorbidities that increase operative risk; 
when more risk factors are present, the number of postopera-
tive complications rises, resulting in greater length of stay 
and total cost of hospitalization [35–37]. Preoperative risk 
factors for death after valve operations include low ejection 
fraction, preoperative renal insufficiency, stroke, chronic 
obstructive pulmonary disease, and renal failure [27, 28, 38, 
39], while preoperative predictors of mortality after repair of 
aortic dissection are new neurologic deficits, cardiac tam-
ponade, shock, and hemodynamic instability at presentation 
[24, 25, 40] (see Fig. 8.6). Preoperative risk factors for death 
after coronary artery bypass operations include congestive 
heart failure on admission, recent myocardial infarction, low 
ejection fraction, unstable angina, acute renal failure, chronic 
lung disease, diabetes, and hypertension [41–43]. These risk 
factors are substantially more prevalent in the elderly popu-
lation than in younger populations.

A recurring theme in the surgical literature is that older 
patients are often not offered operations for heart disease 
until cardiac symptoms have increased, ventricular function 
has decreased, and the risk of morbidity and mortality has 
escalated [28, 43, 44]. This fact has led to the conclusion that 
increased morbidity and mortality rates that have been 
observed in older age groups in the past are related more 
closely to comorbidities than to age. In fact, many studies 
have demonstrated that age alone is not an independent pre-
dictor of mortality for several different kinds of cardiotho-
racic operations [24, 25, 28, 38, 42, 43].

Postoperative complications of cardiothoracic surgery in 
the elderly are stronger risk factors for hospital death than 
preoperative comorbidities [45]. Thus, careful preoperative 
planning, meticulous operative technique, and attentive post-
operative care are critically important to optimize survival of 
the elderly after cardiothoracic surgery. Special steps can be 
taken to reduce perioperative complications in this age group, 
taking into account difference in physiology of the elderly 
compared with younger people and higher rates of comor-
bidities. In cardiac surgery, epiaortic ultrasound can deter-
mine the amount and location of atherosclerotic plaque in the 
ascending aorta, permitting accurate cannulation to avoid 
cerebral embolism, and selection of suitable locations for 
anastomoses [46]. Postoperative strategies for better outcomes 
in cardiothoracic surgery include maintaining hematocrits 
higher than 30%, aggressive early extubation, ambulation, and 
dedicated physical therapy [21].

Fig. 8.4 Survival curve (solid lines, dashed lines 95% CI) using Kaplan–
Meier estimates for 49 nonagenarians who underwent cardiac surgical 
procedures. Average survival after surgery was 5.1 years (reprinted with 
permission from Ullery et al. [21], Copyright Elsevier 2008)
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Preoperative assessment is more important in the elderly 
than in any other age group, in light of the frequency of 
comorbid conditions, which often presents atypically so are 

less obvious than in younger patients, and compromised 
capacity for recovery of physiological homeostasis after 
 surgical trauma [47]. Risk assessment prior to heart or lung 
surgery is also necessary; an instrument is available for 
assessing cardiac risk [48], and pulmonary risk should be 
assessed with a series of tests, including spirometry, pulmo-
nary diffusing capacity of the lung for carbon monoxide, 
room air arterial blood gas, and exercise tolerance tests [47]. 
Assessment of cognitive function is also of great importance, 
because elderly patients with dementia, as measured by the 
mini-mental status examination (MMS), who undergo tho-
racic surgery, suffer four times the postoperative complica-
tion rate of the others [49].

Heart Transplantation in the Elderly

Organ transplantation presents an especially difficult set of 
ethical problems because organs for transplantation are one 
of the few truly scarce medical resources. Each year, 
6,000–9,000 patients die in the US because of the insuffi-
cient number of organs to go around [50]. One of the most 
difficult and wrenching tasks required of the United 
Network for Organ Sharing (UNOS) is to develop algo-
rithms for the allocation of organs, knowing that when 
someone receives an organ, someone else will die because 
she did not get it.

Fig. 8.5 Octogenarians in 
this Swedish study of quality 
of life after open-heart 
surgery scored as well or 
better than the Swedish 
normal population matched 
by age and gender. Mean 
(95% CI) scores for patients 
who underwent open-heart 
surgery compared to Swedish 
normal population matched 
by age and gender (scores: 
minimum score = 0; 
maximum score = 100) 
(reprinted from Collins et al. 
[31], Copyright 2002, with 
 permission from Elsevier)

Fig. 8.6 Actuarial survival curve of 215 octogenarians (mean age 83 
years) after aortic, mitral, or double valve surgery, compared with same 
age general population. Mean survival was 84% after 1 year and 56% 
after 5 years (reprinted from Collart et al. [39], Copyright 2005, with 
permission from Elsevier)
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Three general ethical principles are relevant to organ allo-
cation: autonomy, utility, and justice. Autonomy refers to 
respect for the decisions individuals make for themselves; 
utility refers to making choices that provide a net benefit to a 
community; and justice refers to ensuring that the allocation 
system is equitable and fair. Unfortunately, when consider-
ing various allocation options, these principles often come 
into conflict, especially utility and justice. The conflict 
becomes evident when one considers whether a donated 
heart should be transplanted into a recipient who is 75-years 
old. A utilitarian will point out that the 75-year old woman 
has, probably, another 5–10 years to live, while the heart 
could continue to function for another 20 years, so it would 
be better to transplant the heart into a younger person who 
has at least 20 or more years of life expectancy, thus avoiding 
the waste of 10 years of a functioning heart. The justice-
minded will assert that it is not fair to discriminate against a 
75-year-old because her life is just as precious as anyone 
else’s, and there is no way of knowing whether she will live 
for 5 or 25 years, and the same can be said of a younger per-
son who receives the heart – this is clearly unjust discrimina-
tion. (Questions of autonomy – the right to refuse an organ, 
free exchange among competent people, directed donation, 
and informed decision making – are not at issue here.)

The conflict between utility and justice becomes sharper 
when it is shown that heart transplantation in carefully 
selected recipients who are older than 70 years have morbid-
ity and mortality that are similar to younger patients out to  
5 years of postoperative follow-up [51] (see Fig. 8.7). As long 
as these similarities hold true, it is difficult to sustain the 
argument from utility.

Because of the ethical conflicts inherent in the question of 
heart transplantation in the elderly, UCLA transplant sur-
geons have been transplanting donor hearts of such marginal 
quality that they would not ordinarily be used, into those on 
an “alternate list,” comprising potential recipients who had 

been excluded from the regular heart transplant list, mostly 
because they were deemed too old to receive a transplant [52]. 
Early posttransplant, these patients have done nearly as well 
as more routine heart recipients, but morbidity and resource 
use is greater. In one recent study of such an alternate list, 
median survival was 5 years in patients who were expected 
to live less than 1 year [53].

This practice raises many questions. Transplant centers 
are still left with the problem of balancing the death of 
patients on waiting lists with maximization of posttransplan-
tation survival. If the results of marginal heart transplantation 
are comparable with those with nonmarginal donor hearts, 
shouldn’t those hearts be used for patients on the regular list 
who are currently dying without a suitable heart? Robbins 
has observed that transplant physicians routinely match the 
risks of donor heart function with parameters of potential 
recipients [54]. Patients on an alternate list are disadvantaged 
because they can receive only second-rate hearts, but if the 
hearts are acceptable, then the potential recipients on the reg-
ular list are disadvantaged as they are denied access to accept-
able hearts. He goes on to say, “I would continue to advocate 
responsible stewardship of the limited donor resources and 
select the best candidates for transplantation irrespective of 
patient age [emphasis ours].” This issue is still unsettled and 
will remain so until much more information is available about 
donor heart function and about accurate methods to match 
donor hearts with the most suitable recipients.

Decision Making for the Elderly  
with Cardiothoracic Disease

Given these observations about special aspects of risks in 
cardiothoracic surgery for the elderly, how should a cardio-
thoracic surgeon choose a particular plan of action when 
confronted with an elderly patient with cardiothoracic dis-
ease that could be amenable to surgery? The Surgical Ethics 
Program at the University of Chicago’s MacLean Center for 
Clinical Medical Ethics has provided a useful 4-part guide to 
ethical decision-making in medicine [55]. We have modified 
the guide to reflect decision making for the elderly in cardio-
thoracic surgery.

 1. Medical indications: The Principle of Beneficence
What critical determinants of postoperative mortality and 
morbidity are present (e.g., preoperative stroke, renal and 
respiratory insufficiency, myocardial ischemia, conges-
tive failure, or hemodynamic instability)? Age alone is 
NOT a critical determinant of outcome. What are the 
goals of treatment? What are the probabilities of success? 
What are the plans in case of serious complications – has 
the family discussed and planned for this possibility? 
(Although as many as 50% of cardiothoracic surgery 

Fig. 8.7 Thirty-day operative survival and actuarial survival up to 4 
years for patients <70 years of age (n = 98) and ³70 (n = 15). ns not sig-
nificant; SE standard error; HTX heart transplantation (reprinted from 
Blanche et al. [51], Copyright 2001, with permission from Elsevier)
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patients prefer to have no information regarding risk of 
death and 42% want no discussion of risks at all [56], this 
information is critical for the surgeon to choose appropri-
ate recommendations for the patient and family.)

 2. Patient preferences: The Principle of Respect for Autonomy
Is the patient mentally capable of making decisions? If 
capable, what are the patient’s preferences for treatment? 
Has the patient understood the benefits and risks of alter-
native treatments, and given consent? If mentally incapac-
itated, who is the appropriate surrogate/proxy, and is the 
surrogate using appropriate decision-making standards? 
Has the patient executed an advance directive, if so, is it 
currently available? Is the patient unable or unwilling to 
cooperate with the planned treatment? Does the patient or 
family prefer to be spared the potentially degrading or dis-
abling effects and side effects of surgical treatment, or do 
they prefer to minimize regret by “doing everything that 
can be done,” regardless of consequences. (Some families 
refuse to pay their bills after surgery because of bitter 
resentment over patients who ended up demented and bed-
ridden, while other families expressed gratitude, even 
though the patient died during surgery.) [25]

 3. Quality of life: The Principles of Beneficence and Autonomy
What was the quality of the patient’s life before the cur-
rent illness, and what is it likely to be during and after 
treatment? Is she frail and not likely to do well after oper-
ation, or is she spry and vigorous with a full, active life, 
implying that she could survive the surgery and return to 
her prior state of living? (Several instruments to measure 
quality of life are available.) [57]. Is there any plan or 
rationale to avoid surgery? Should plans for palliative 
care be pursued?

 4. Contextual features: The Principle of Justice
Are there other social, economic, or institutional factors 
at play? Are there family issues that might affect decision 
making? Are there physician or nursing issues that might 
affect decision making? Are there economic, religious or 
cultural issues? Are there problems related to resource 
allocation? Are there any conflict of interest issues on the 
part of physicians or the institution? Does the patient have 
a role as the caregiver of others? Is the family able and 
willing to provide care for the patient should disabling 
complications arise?

Advance Directives and Proxy/Surrogate 
Decision Making

In view of the high incidence of dementia in the elderly, 
the frequency of incapacity to make medical decisions will 
be higher in this than in any other age group. If the patient 
cannot make decisions, the surgeon should be guided by 

the patient’s advance directive, if one exists and is available. 
The intent of advance directives is to preserve the patient’s 
determination of the medical care they receive – that is, their 
intent is to respect the patient’s autonomy in making medical 
decisions – if she should become unable to make decisions. 
Advance directives are of two types: instructional and agent-
based. Instructional directives, such as Living Wills, allow 
the patient to specify her own values, goals, and preferences 
for end-of-life care. Because Living Wills are executed and 
signed by the patient, they are “first person” statements, and 
therefore take precedence over other advance directives. 
Agent-based directives, such as durable powers of attorney 
for health care, are much more flexible, allowing the agent to 
make decisions based on her understanding of the patient’s 
value system or religious preferences.

All 50 states and the District of Columbia have legislation 
authorizing one or both types of advance directives. When 
both types are available, it is generally best to execute a dura-
ble power of attorney and not execute a Living Will [58]. 
This is because the Living Will cannot capture all the nuances 
of future clinical situations and, because it is a first-person 
statement, its provisions override the agent’s judgment, even 
if the agent is certain that he knows what the patient’s deci-
sion would have been in these specific circumstances. From 
the surgeon’s viewpoint, it is far better to discuss the clinical 
situation with someone who knows the patient well rather 
than for decision making to be inflexibly controlled by a doc-
ument that might have been completed years earlier [59].

When a patient becomes incapable of making health care 
decisions, options will be chosen by a proxy or surrogate 
decision maker. A proxy decision maker is a person who was 
appointed by the patient to act as his agent to make health 
care decisions in case of incapacitation; this is usually 
accomplished through a durable power of attorney for health 
care. In the absence of such an agent, medical decisions are 
made by a surrogate decision maker; the appropriate surro-
gate is determined by law in nearly all states.

It is important to understand that whether or not an 
advance directive exists, people should discuss as fully as 
possible, in advance of any illness, what their end-of-life 
preferences would be under a variety of clinical circum-
stances. Such discussions should include the health care 
agent, if one is appointed, as well as other persons who are 
likely to be present at a future time of incapacitation.

By both ethical and legal standards, the authority of prox-
ies and surrogates to make decisions is virtually the same as 
the patient’s authority would be if she possessed decision-
making capacity. The extent of this authority is stated clearly 
in the American Medical Association Code of Medical 
Ethics: “Physicians should recognize the proxy or surrogate 
as an extension of the patient, entitled to the same respect as 
the competent patient” [60]. State laws vary as to the extent 
of authority granted to surrogates/proxies, but virtually all 
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are similar to AMA statement. Thus, if an elderly patient is 
incapacitated, the surgeon should discuss the details of the 
patient’s illness with the surrogate/proxy decision makers 
and respect their decisions just as if talking with the patient.

Surrogates/proxies are not free to make any health care 
decisions they wish. They must use “substituted judgment” in 
choosing among options; that is, they must make decisions 
based on their understanding of what the patient would have 
wanted under the prevailing clinical circumstances. The deci-
sion maker may rely on written or oral statements, discus-
sions with the patient when she was competent, or on a general 
understanding of the patient’s value system or religious pref-
erences. If none of these guides to the patient’s wishes are 
available, as in the case of a lifelong mentally disabled patient, 
proxies/surrogates must use the “best interest” standard in 
making decisions for the patient; that is, they must make deci-
sions that they believe to be in the patient’s best interest [61].

A situation occasionally arises in which the surgeon has 
reason to believe that the legal decision maker is directing 
care on the basis of neither substituted judgment nor the 
patient’s best interest, but the proxy/surrogate’s interest. For 
example, if there is a large insurance policy on the patient’s 
life and the proxy/surrogate is a beneficiary, and, further, 
if an operation is clearly in the patient’s best interest but the 
agent decides that the operation will not be done, the surgeon 
can challenge the purportedly improper decision and, per-
sonally or with the assistance of family members or others, 
attempt to persuade the questionable decision maker to 
change the decision. If all attempts at persuasion fail, the 
final option for the surgeon is to ask the hospital’s legal 
counsel to challenge the proxy/surrogate’s competence as 

decision maker in a probate court [61]. Fortunately, such a 
step is rarely necessary.

The Elderly as Research Subjects

As development of new therapeutic agents and technologies 
accelerated in the second half of the twentieth century, the 
need grew for subjects, including the elderly, in clinical tri-
als, which were required for studying competing treatments. 
Until the mid-twentieth century, there were no specific guide-
lines to aid clinical investigators in designing and imple-
menting clinical trials. Regulation of research came about 
due in part to two epochal tragedies: the Holocaust of the 1930s 
and 1940s, which led to the promulgation of the Nuremberg 
Code and the Declaration of Helsinki, and the Tuskegee 
Syphilis Trial, which led to the Belmont Report and the 
Common Rule.

The Nuremberg Code

The atrocities resulting from the Final Plan of the German 
Third Reich were brought to light soon after the end of 
World War II, when the Nuremberg Military Tribunals,  
particularly The Doctors’ Trial in 1946–1947, exposed the 
horrific cruelty and disregard for human suffering of the 
Holocaust [62] (see Fig. 8.8). The use of prisoners – both 
German citizens and foreign nationals, who were imprisoned 
on religious, cultural, and ethnic grounds – as involuntary 

Fig. 8.8 Defendants in front 
row of the dock, defense 
counsel in back row, during 
the Doctors Trial, which was 
held in Nuremberg, Germany, 
from December 9, 1946, to 
August 20, 1947 (this work is 
in the public domain in the 
United States because it is a 
work of the United States 
Federal Government under the 
terms of Title 17, Chapter 1, 
Section 105 of the US Code, 
http://www.ushmm.org/
research/doctors/charges.htm)
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subjects in appalling medical experiments led to the first 
international code of ethics governing the use of human sub-
jects in medical research: the Nuremburg Code (see Fig. 8.9). 
Before 1947, no international policy or law existed to govern 
the conduct of research with respect to ethical treatment of 
experimental subjects. The facts found by the Tribunals gen-
erated international outrage, and the need for protections of 
experimental subjects was clear. Guidelines were delineated 
in the Nuremberg Code of 1947, which asserts that medical 
research can ethically be performed upon human subjects 
only if subjects participate voluntarily, if they are thoroughly 
informed and freely consent to well-designed scientific stud-
ies in which the risk of harm is low and the benefit is great, 
and if they can withdraw at any time without penalty [63].

The Declaration of Helsinki

The World Medical Association promulgated the Declaration 
of Helsinki in 1964 and subsequently amended it eight times, 
most recently in Seoul, October 2008 [64]. Although the 
Nuremberg Code responded to a perceived need to condemn 

and prohibit war crimes disguised as scientific study, the 
Declaration of Helsinki took a broader approach, asserting 
that the “mission of the medical doctor is to safeguard the 
health of the people,” that an obligation of medicine is to 
ensure progress in medical knowledge, and that some research 
requires the use of human subjects. Section I of the Declaration 
overlaps those of the Nuremberg Code, but Parts II and III 
deal with medical care of patients when they are research 
subjects. Part II deals with sick people as subjects in studies 
of their illnesses, while Part III describes the conditions under 
which nontherapeutic research can be performed with healthy 
volunteer subjects, by maintaining the basic principles of 
informed consent, low risk/benefit ratio, and holding welfare 
of the subject to be of paramount importance.

The Belmont Report

The Tuskegee Syphilis Study began when the few available 
treatments for syphilis were only marginally effective and 
not entirely safe [65]. Rural African-American men from 
Macon, Georgia were recruited and observed for the duration 
of the study, starting in 1932. Over the next 40 years, the 
study participants were subjected to painful procedures with-
out treatment even after penicillin became available and was 
found to offer a reliable cure for syphilis (see Fig. 8.10). 
A Public Health Service venereal disease investigator que-
ried the Centers for Disease Control in 1966 about the ethical 
implications of the study, but the study continued unchanged 
until 1972, when the investigator talked with an Associated 
Press reporter, who broke the story in the Washington Star. 

Fig. 8.9 High altitude experiments were carried out in a low-pressure 
chamber in which atmospheric conditions and pressures prevailing up 
to 68,000 ft could be duplicated. Here, a prisoner in a compression 
chamber loses consciousness (and later dies) during an experiment to 
determine altitudes at which aircraft crews could survive without oxy-
gen. Dachau, Germany, 1942 (this image is in the public domain in the 
United States because it is a work of the United States Federal 
Government under the terms of Title 17, Chapter 1, Section 105 of the 
US Code, http://www.ushmm.org/research/doctors/twoa.htm#A)

Fig. 8.10 Blood being drawn from subject of Tuskegee study (National 
Archives and Records Administration, this work is in the public domain 
in the United States because it is a work of the United States Federal 
Government under the terms of Title 17, Chapter 1, Section 105 of the 
US Code, see http://en.wikipedia.org/wiki/Image:Tuskeegee_study.jpg)
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The study was terminated the day after the story broke. By 
that time, however, 128 subjects had died of syphilis or 
complications, 40 wives were infected, and 19 children were 
born with congenital syphilis.

Due in part to outcry over this study, the National Commi-
ssion for the Protection of Human Subjects of Biomedical 
and Behavioral Research was created; it met at the Belmont 
Conference Center of the Smithsonian Institution from 1974 
to 1978. In 1979, a set of guidelines for clinical investigators 
was published, “Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research,” generally called 
the Belmont Report [66]. In 1981, this document served as 
the basis for federal regulations that prescribed ethical  
conduct during human subjects research; the regulations were 
adopted by 16 federal agencies and are therefore referred to 
as the “Common Rule” [67].

The Elderly as Vulnerable Research Subjects

Protection of vulnerable subjects is a major focus of Belmont, 
connected particularly to the principle of respect for persons 
and the principle of justice [68]. Generally, people are in 
charge of their own lives, making decisions in accordance 
with their own moral compasses and values. They weigh 
options, assess risks, and consent or decline to participate as 
research subjects for their own considered reasons: an altru-
istic impulse for the betterment of society, their own needs as 
a patient, or a combination of several motivations. Truly 
informed consent has always been an elusive target; patients 
may be compromised by illness, lack of education, fear, 
inability to understand the English language, belief that they 
have no option but to comply, or mental disturbances. When 
enrolling subjects, the researcher must protect vulnerable 
target populations, such as children, prisoners, and economi-
cally disadvantaged persons, who require safeguards beyond 
those afforded ordinary subjects. Elderly persons are a vul-
nerable group [69].

In 1974, the National Institute on Aging was established 
to support studies of the emerging medical and social issues 
of a population in transition [70]. The complex and heteroge-
neous geriatric population is the most rapidly expanding seg-
ment of society. Among persons older than 70 years of age, 
14% have some degree of dementia, and the estimated life-
time risk of developing Alzheimer’s dementia is 1 in 5 for 
women and 1 in 10 for men [12]. Including the elderly in 
medical research is important because physiologic changes 
over time mean that conclusions from research on a young, 
healthy cohort may not apply to the elderly patients [71]. 
Although it is appropriate for the elderly to participate in 
clinical research, properly informed consent might be impos-
sible to achieve in the large proportion of those whose mental 

function has been compromised. Dementia almost always 
starts insidiously, and the descent into its final stages when 
autonomous decision making is no longer possible is usually 
slow. At what point does the investigator decide that truly 
informed consent is not possible? Is it when the patient-
subject cannot find misplaced keys, or only when she cannot 
recall what keys are used for; when she struggles for a word 
that is at the tip of her tongue, or only when she cannot 
remember her own name; when she becomes lost in a famil-
iar office building, or only when she cannot remember where 
she lives; or when she cannot name the correct date, the 
sitting US president, or her own children? To place an age-
defined limit to research subjects is to risk ageism, because if 
10–30% of the elderly population may suffer from various 
stages of dementia, then the other 70–90% is a heteroge-
neous mix of robust to weak mental capacity. In research as 
in clinical medicine, assessment of mental functioning using 
one of several instruments can help to identify those who no 
longer have the capacity to consent [49, 57].

A Corollary Principle: Decisional Flexibility

We have shown how ethical principles may be applied to clin-
ical problems in cardiothoracic surgery of the elderly: respect 
for persons charges surgeons to honor the health care choices 
made by patients or their surrogates/proxies; beneficence 
requires surgeons to hold the patient’s best interest as the first 
among many competing interests, seeking to maximize bene-
fit and minimize harm; and justice requires that we treat simi-
larly patients who are similarly situated, regardless of age.

We would add another principle of ethical decision mak-
ing in cardiothoracic surgery, perhaps best characterized as a 
corollary of the beneficence principle: decisional flexibility. 
Once victory in the operating room has been secured, will-
ingness to change direction of care in response to clinical 
realities is often forgotten, even when the victory turns out to 
have been Pyrrhic. For example, we are sometimes faced 
with a patient, frequently elderly, who survived a complex 
operation but is struggling through a sequence of complica-
tions. Hemodynamic instability may lead to renal failure and 
dialysis, respiratory failure may lead to prolonged ventila-
tion with consequent pneumonia, and cardiogenic shock may 
lead to multisystem failure. The term “risk of unacceptable 
badness” has been coined to describe such a course [72].

Hamlet had only two choices – to be or not to be – but 
now there is a third option, a state of suspension between life 
and death, in which the patient is severely compromised by a 
cascade of postoperative complications, reducing life to a 
state of dependency upon technology, when the original pur-
pose of surgery was to restore independence [73]. The sur-
geon should look beyond the heroic success in the operating 
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room and see the patient’s current situation in the context of 
clinical circumstances that have evolved since the hopeful 
preoperative plan was formulated. Even without conscious 
decision, the target has moved and the surgeon should reeval-
uate the treatment plan in collaboration with the patient and 
family, taking into account the new clinical realities. The 
goal may no longer be saving the patient from a threatening 
surgical illness, but saving him from the technological imper-
ative – well-meaning but misguided use of technology sim-
ply because it is available.

For cardiothoracic surgeons, the idea of backing away 
from curative efforts is antithetical to training and experi-
ence. Our sight is fixed on repairing the problem, and when 
the cascade of complications is well underway, we treat each 
new setback with vigor as our elderly patient sinks ever 
deeper into a quagmire, the probability of meaningful recov-
ery retreats inexorably from possibility, and hubris or gritty 
determination blinds us to the possibility of unacceptable 
badness. We must be willing to reevaluate the treatment plans 
as circumstances evolve, and change course when the possi-
bility of meaningful recovery has disappeared from view.

Older patients may be especially averse to discussion of 
potential complications of surgery [74], but the need to 
reevaluate and adjust treatment goals postoperatively should 
be discussed with the patient and family before the operation 
during the informational phase of informed consent. As we 
noted earlier, a positive outlook before an operation is associ-
ated with better outcomes, but conversations about the 
patient’s preferences in case of serious complications can 
facilitate alteration of treatment goals later and do not neces-
sarily preclude positive attitudes. As surgeons, our paramount 
obligation is to do what is best for our patients, and doing 
what is best requires modulating plans in accordance with 
the patient’s existing situation, unbound from the constraints 
of previous decisions. We owe our patients nothing less.
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Abstract Inadequately managed pain in elderly patients 
undergoing thoracic or cardiac surgery can lead to increased 
morbidity and mortality, increased length of stay in the inten-
sive care unit and the hospital. Even video-assisted proce-
dures or minimally invasive procedures have not eliminated 
the problem of pain management. Elderly patients are not 
less sensitive to pain but are more sensitive to the side effects 
of analgesics and adjuvants, making titration more difficult. 
Other means of pain control such as the employment of epi-
dural or intrathecal local anesthetics and opioids, paraverte-
bral catheters with the infusion of local anesthetics offer 
significant benefits in the overall management of these 
patients. In this chapter, different means of pain control in 
this population will be reviewed.

Keywords Cardio-thoracic surgery • Acute pain manage-
ment • Epidural catheters • Paravertebral catheters • Opioid 
management

In their review article, Brennan, Carr, and Cousins conclude 
that “because pain management is the subject of many initia-
tives within the disciplines of medicine, ethics and law, we 
are at an ‘inflection point’ in which unreasonable failure to 
treat pain is viewed worldwide as poor medicine, unethical 
practice, and an abrogation of a fundamental human right.” [1] 
Attention to the problem of pain control in hospitalized 
patients was mandated by the Joint Commission for the 
Accreditation of Healthcare Organizations (JCAHO) in 
2000–2002, and the declaration by the US Congress calling 
2001–2010 the “Decade of Pain Control and Research.” [1] 
It is clear that this “right” to receive adequate pain manage-
ment is not more evident than in the postoperative surgical 
patient (of any age). Yet fear of uncontrolled postsurgical 
pain continues to be among the primary concerns of many 
patients about to undergo surgery. [2] Despite increasing 

research and clinical attention, many adult surgical patients 
continue to experience moderate to severe pain [3, 4]. 
However, improvement as a result of the JAHCO initiative 
for better pain management assessment and treatment was 
reported by Frasco et al., who demonstrated that there has 
been an increase use of morphine and prophylactic anti-
emetics in postanesthesia recovery rooms without a concom-
itant increase in length of stay in the recovery rooms [5].

Cardiothoracic surgery and particularly posterolateral 
thoracotomy has been described as most debilitating for 
patients because of pain and consequent respiratory dysfunc-
tion [6]. Inadequate control of incisional pain is often com-
plicated by inadequate control of pain from sternal fractures 
and rib fractures, from sternal retraction leading to costover-
tebral joint pain, and from chest and mediastinal tube sites. 
Furthermore, chronic pain develops in 50% of patients who 
suffer postthoracotomy intercostal nerve injury, of which in 
5% the pain is severe and disabling [7–9].

Minimally invasive procedures involving smaller inci-
sions, thought earlier to cause less pain compared with tradi-
tional incisions, did not prove to be better [9–11].

The surgical incision lengths are reduced but are relocated 
to more sensitive regions. Such is the case in minithoraco-
tomy vs. median sternotomy [6].

On the one hand, “Fast track” anesthetic techniques used 
to permit patients to be extubated in the operating room or 
the immediate postoperative period require appropriate pain 
management techniques that will not compromise patient 
safety or leave patients suffering undue pain. On the other 
hand, patients who remain intubated and sedated must still 
be assessed for adequate pain control, admittedly a more dif-
ficult task. During emergence from heavy sedation in prepa-
ration for extubation, again adequate pain control to permit 
extubation is of upmost importance.

The ill effects of inadequately treated pain in the acute 
postoperative period are summarized by Sinatra [12]. Acute 
pain leads to increased sympathetic activity, which in turn 
leads to tachycardia and hypertension [12]. The resultant 
heightened level of sympathetic stimulation increases the 
level of circulating catecholamines, decreases vagal tone, 
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and increases oxygen consumption that could result in myo-
cardial ischemia in patients at risk. Inadequate pain control 
has been shown to result in an increased incidence of atelecta-
sis and significantly lower tissue oxygen levels. Regional 
blood flow can be impaired, which may increase the risk of 
postoperative infection [12].

In elderly patients with coronary artery disease, the risk of 
myocardial infarction is also increased. Furthermore, fear 
and anxiety resulting from inadequate pain control can impair 
sleep and rehabilitation. Splinting and shallow breathing can 
lead to hypoxemia, atelectasis, and pneumonia [12]. Other 
manifestations include oliguria, ileus, diaphragmatic dys-
function, thromboembolism, and impaired immune response 
[12–14]. Figure 9.1 shows the relationship of uncontrolled 
pain and harmful physiologic effects. Less well recognized is 
the observation that inadequate acute postsurgical pain man-
agement can lead to chronic pain syndromes [7, 15, 16].

Without belaboring the point further, it is clear that these 
pathological effects of acute pain can lead to life threatening 
consequences and can also lead to chronic “neuropathic 
pain” states that can affect the quality of the patient’s future 
life through a constellation of maladaptive physical, psycho-
logical, family, and social consequences. These chronic neu-
ropathic pain states can be regarded as true disease entities 
leading to dependence on medication, reduced mobility, loss 
of strength, disturbances of sleep, and social consequences 
that can result in dissolution of family relations [17].

These pathological consequences of uncontrolled pain 
may have even greater consequences in the elderly popula-
tion [18]. However, there is little merit in separating out 
the treatment of acute pain in the elderly population unless 
it differs from that provided to younger patients [19]. This 
begs the questions of whether elderly patients perceive pain 

differently from younger patients; and are there changes in 
nociception that occur with aging? Furthermore, do elderly 
patients process and respond to nociception differently?

Gagliese and Melzack demonstrated that age did not 
affect the rating of pain by postsurgical patients [20]. That is 
to say, tissue injury produces the same intensity of stimulus 
in an elderly person as in a young person.

However, there are data to suggest that some impairment of 
Ad fibers occurs with aging, and therefore impedes the early 
warning of tissue injury [21]. There are also data that suggest 
that widespread and substantial changes in structure, neuro-
chemistry, and function occur in the dorsal horn of the spinal 
cord and central nervous system (CNS) with aging [21]. 
Multiple studies report reductions in the descending inhibitory 
modulating systems for nociception in the elderly [21, 22].

Gibson and Ferrell further conclude that the reduced effi-
cacy of endogenous analgesic systems might be expected to 
result in a more severe pain experience following prolonged 
noxious stimulation [21]. It is also possible that the docu-
mented decline in afferent transmission pathways could be 
offset by a commensurate reduction in the endogenous inhib-
itory mechanisms of older persons, with a net result of little 
or no change in the perceptual pain experience [21].

Figure 9.2 shows the relationship between ascending 
nociceptive pathways and descending modulating pathways 
along with the hormonal neurotransmitters involved in 
descending modulation. This implies that any deficit in 
endogenous analgesic response (which is stimulus intensity 
dependant) will become critical, thereby making it more dif-
ficult for persons of advanced age to cope with severe or per-
sistent clinical pain conditions [21].

A complete discussion of this issue is beyond the scope of 
this chapter but suffice to say therefore that assessment and 
intervention for pain in the elderly should begin with the 
assumption that all neurophysiologic processes subserving 
nociception are intact [24]. In general, the pharmacodynamic 
actions of drugs (what the drug does to the patient) are unaf-
fected in the normal aging process. The molecular action of 
morphine is the same in all animals, although dose require-
ments to produce the same effect may change with age, and 
the therapeutic window between intended effect and side or 
adverse effects may be narrowed in the elderly [25, 26]. From 
a clinical standpoint, it is safer to assume that elderly patients 
are not less sensitive to pain than younger adults, but they are 
more susceptible to the side effects of opiate analgesics and 
therefore require more careful titration of analgesics [27].

Thoracic Pain Pathways

The chest wall is innervated by the intercostal nerves: the 
ventral branch of each intercostal nerve innervates the ante-
rior chest wall, the posterior branches innervate the posterior 
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Fig. 9.1 Harmful effects of unrelieved acute pain including postopera-
tive pain. Unrelieved pain can lead to activation of the sympathetic ner-
vous system and cardio-vascular compromise and heightened anxiety. 
Pulmonary compromise can occur. And it is now clear that chronic pain 
develops as a consequence of unrelieved pain (modified from Sinatra 
[12] with permission from Elsevier)
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chest wall, and the visceral branches innervate the visceral 
aspects of the chest. All three branches join together to enter 
the intervertebral foramina to the spinal canal where they 
form a dorsal root. Dorsal roots fuse with the spinal cord 
dorsal horn to enter the CNS [6].

Somatic pain is mediated through partially myelinated 
“Ad fibers” in the ventral and posterior branches. These 
fibers are responsible for the early warning system of the 
body to nociception arising from tissue injury, for example, 
the surgical incisions and tissue manipulations [6]. Smaller 

unmyelinated C-fibers are responsible for conducting  
the postoperative nociceptive signals arising in the “inflam-
matory soup” of the surgical wound site or sites [28]. 
Figure 9.3 shows the various viscerotomes and their 
innervations.

Sympathetic visceral pain is mediated by the unmyeli-
nated C-fibers in all three branches; the signal is directed 
from the intercostal nerve branches through the sympathetic 
tract, which then pass back to the peripheral nerves to enter 
the CNS from T-1 to L-2 [6, 28].

Fig. 9.2 Simplified schema of afferent sensory pathways (left) and 
descending modulatory pathways (right). Stimulation of nociceptors in 
the skin surface leads to impulse generation in the primary afferent. 
Concomitant with this impulse generation, increased levels of various 
endogenous algesic agents (substance P, prostaglandins, histamine, 
serotonin, bradykinin) are detected near the area of stimulation in the 
periphery. Primary afferent nociceptors relay to projection neurons in 
the dorsal horn, which ascend in the anterolateral funiculus to terminate 
in the thalamus. En route, collaterals of the projection neurons activate 
multiple higher centers, including the nucleus reticularis gigantocellu-
laris (NRG). Neurons from the NRG project to the thalamus and also 
activate the nucleus raphe magnus (NRM) and periaqueductal gray 
(PAG) of the midbrain. Descending fibers from the PAG project to the 
NRM and reticular formation adjacent to the NRM. These neurons acti-
vate descending inhibitory neurons, which are located in these regions 

and travel via the dorsolateral funiculus to terminate in the dorsal horn 
of the spinal cord. Descending projections also arise from a number of 
brain stem sites including the locus cerulueus (LC). A number of neu-
rotransmitters are released by afferent fibers, descending terminations, 
or local interneurons in the dorsal horn and modulate peripheral nocice-
ptive input. These include substance P (SP), gamma aminobutyric acid 
(GABA), serotonin (5-HT), norepinephrine (NE), enkephalin (ENK), 
neurotensin, acetylcholine (ACH), dynorphin (DYN), cholecystokinin 
(CCK), vasoactive intestinal peptide (VIP), calcitonin-gene-related 
peptide (CGRP), somatostatin (SOM), adenosine (ADN), neuropeptide 
Y (NPY), glutamate (GLU), nitric oxide (NO), bombesin (BOM) and 
prostaglandins (PGE). Inhibitors of enzymes such as enkephalinase 
(ENK-ASE), acetylcholinesterase (ACH-ASE) and nitric oxide synthase 
(NO-SYNTHASE) may act to modify the action of these neurotrans-
mitter (from Siddall and Cousins [23])
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Parasympathetic visceral pain is mediated via cranial 
nerve X: the vagus nerve, which enters the CNS through the 
medulla oblongata, and therefore is not normally affected by 
the epidural or intrathecal methods of pain control (to be dis-
cussed later) [6, 28].

Spinal pain signals cross from the dorsal horn to the con-
tralateral spinal cord structure and then it ascends to the brain 
via the Spinothalamic tract. In the brain, the signal is distrib-
uted to numerous structures resulting in cognitive, affective, 
and autonomic responses to the noxious stimulus. It is well 
known that the brain does not sense “pain” or nociceptive 
signals, although it receives and processes these signals from 
the rest of the body. However, although somatic nociception 
can be very precisely located by the brain, visceral nocicep-
tion can be more problematic [28].

And with respect to the heart, the complete absence of 
“the perception of pain” that can occur in the presence of 
myocardial ischemia, arteriolar occlusion, myocarditis, early 
acute endocarditis, valvular ulceration, etc. makes it difficult 
and yet extremely important to assess for pain in the postcar-
diac surgery patient [30].

Pain Management Techniques  
for Thoracic Surgeries

The literature reports indicate that 50% of patients describe 
pain 1 year after thoracotomy, with many continuing to report 
pain even years later [31]. Fortunately, the prevalence of 

postthoracotomy pain can be reduced, with rates as low as 
21% one-year after surgery when perioperative pain is man-
aged aggressively [32]. Surprisingly, video-assisted thoracic 
surgery (VATS) is associated with a prevalence of chronic 
pain comparable with that of open procedures [10, 11], with 
rates of pain ranging from 22 [10] to 63% [11], which is 
probably due to intercostal nerve and muscle damage result-
ing from the insertion of the trocars.

Reduction of postoperative complications related to pain 
is dependent on blocking of nociceptive information from 
reaching the brain. More importantly, protection of the spinal 
cord can prevent central sensitization, the process that leads 
to chronic pain [33]. Noxious input associated with thoracic 
surgery is conveyed to the CNS along the intercostal, vagus, 
and phrenic nerves. Irritation of the diaphragm is believed to 
be the source of the shoulder pain that frequently accompa-
nies thoracic procedures because this pain is ameliorated by 
blockade of the phrenic nerve [34] but not by blockade of the 
suprascapular nerve or by thoracic epidural blockade [35].

Intercostal nerve dysfunction resulting from incision, 
retraction, trocar placement, or sutures is common, and likely 
plays a significant role in the pain accompanying thoracic 
surgery [36]. In addition, the necessary action of breathing 
(incentive spirometry), and the need for enhanced pulmonary 
toilet (such as coughing), produces an intense and relentless 
barrage of noxious input to the CNS [37].

For noncardiac thoracic or thoraco-abdominal surgeries, 
the most effective interventions for pain control are neuraxial 
and regional analgesic techniques [38]. Furthermore, preven-
tive application of effective analgesic techniques provides 
protection against the development of chronic pain syn-
dromes [32, 33].

Regional Analgesia

Regional analgesia is the mainstay of pain management for 
thoracic surgery [39].

Several techniques were adopted each with its’ own 
advantages and disadvantages, but none of them is yet ideal 
[40].

Epidural Analgesia

Thoracic epidural analgesia is considered the gold standard 
for postoperative pain relief after thoracotomy and upper 
abdominal surgeries. It is the most widely used form of 
regional analgesia for thoracic surgery, but its acceptance for 
cardiac surgery is not yet established for fear of epidural 
hematoma formation after heparin administration. Thoracic 

Fig. 9.3 Viscerotomes. Approximate superficial areas to which vis-
ceral pain is referred, with related dermatomes in brackets. The dark 
areas are those most commonly associated with pain in each viscus. The 
gray areas indicate approximately the larger area that may be associated 
with pain in the viscus (reprinted with permission from Cousins [29])
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epidural catheters are usually placed between T-4 and T-10 
depending on the incision site and at about 5 cm from the 
skin to maintain position. Catheters are usually placed with 
the patient sedated but alert enough to report paresthesias 
during its placement. A test dose of local anesthetic with epi-
nephrine is usually used to detect intrathecal or intravenous 
placement. A combination of local anesthetic and opioid is 
used to activate and maintain analgesia during and after sur-
gery. Activation of the epidural prior to surgical incision  
provides the benefit of preemptive analgesia. An added 
intraoperative advantage is the reduction of anesthetic 
requirement, which promotes faster emergence and reduc-
tion of respiratory depression. Administration of an analge-
sic dose of local anesthetic prior to extubation provides 
adequate analgesia until the continuous epidural infusion is 
established either in the postanesthesia recovery area or in 
the intensive care unit.

In a review article that studied epidural analgesia in man-
agement of acute pain, epidural vs. intravenous opioid anal-
gesia were compared: patient satisfaction as determined by 
visual analog pain score was favorable for epidural analgesia 
using local anesthetic with or without opioid when compared 
with parental opioid analgesia. Sedation was less frequent in 
the epidural group compared with patients receiving patient 
controlled analgesia (PCA) with morphine [41, 42]. Pruritis 
was more prevalent for patient receiving epidural analgesia 
than in patients receiving intravenous PCA. The incidence of 
nausea and vomiting were equal between both groups. 
Patients receiving epidural analgesia experienced less pain 
during coughing when compared with those using PCA anal-
gesia, a property especially important when dealing with 
postthoracotomy patients [41, 42].

In a large-scale patient survey, the failure rate for epidural 
analgesia after thoracic epidural catheter placement was 
32%. Failure was attributed to dislodgement of the catheters 
(17%), misplacement of the catheter (11%), and leaks (7%). 
Unilateral analgesia was reported in 7% of patients [43].

Epidural administration of opioid can be associated with 
delayed respiratory depression, thus postoperative monitor-
ing of sedation levels and respiratory function must be 
assured [44]. Most frequently this is done in the setting of an 
intensive care unit. But healthy volunteer living lung donors, 
for example, may not require immediate postoperative inten-
sive care, and many thoracic surgery patients can be moved 
to postoperative surgical wards with their ongoing epidural 
analgesia after 1 or more days in the intensive care unit. The 
concurrent use of epidural and intravenous opioid has been 
blamed for accentuation of respiratory depression, and its 
use should be done with utmost caution [45].

Certain procedures deserve special considerations, among 
them “esophagectomy.” It is a procedure usually performed 
in specialized centers. Usually indicated for esophageal 
tumors, but could have other surgical indications such as 

esophageal perforation or ruptures. The procedure involves 
removal of the esophagus through an abdominal and neck 
incision as in the trans-hiatal approach or a trans-thoracic 
approach involving an added right lateral thoracotomy. The 
procedure then involves either a stomach-pull-up or a colon 
transposition. In both conditions, the stomach or the colon is 
mobilized into the chest, and the vitality of both organs 
depends on the limited blood supply through a single artery: 
the right gastro-epiploic artery in case of the stomach pull-
up, and the left colic artery for colon interpositions.

Hypotension arising from the continuous epidural usage 
could affect the vitality of the stomach or colon in the chest. 
Furthermore, usage of vasopressors is not advisable, as the 
vasoconstriction could affect the blood flow through the sin-
gle arterial supply. It is also important to note that the usage 
of volume to correct hypotension could be limited by the 
medical condition of the patient. In such conditions, the sur-
geon frequently orders the cessation of usage of the epidural 
and reverts to PCA, which is not ideal to control the pain 
arising from this type of procedure.

However, epidural analgesia is still used routinely for 
these procedures and can provide excellent analgesia, per-
mitting early extubation of these patients. Brodner et al. 
studied the effectiveness of epidural analgesia in 49 patients 
who underwent thoracoabdominal resection of the esopha-
gus [46]. Epidural catheters were inserted preoperatively at 
T6–T9, but not utilized intraoperatively, and the patients 
were managed with general anesthesia. Postoperatively, epi-
dural infusions of 0.125% bupivacaine and 1 mg/ml Sufentanil 
were infused at 5–10 ml/h with adjustments randomly per-
formed by ICU residents, according to their assessment of 
the patients’ needs.

A second group of 48 patients also had epidural catheters 
inserted preoperatively at T6–T9 but received an immediate 
bolus of 10–15 ml of 0.25% bupivacaine and 20–30 mg 
Sufentanil, with induction of general anesthesia following 
after a sensory level to T4 was confirmed. During surgery, an 
infusion was continued with 0.175% bupivacaine and 1 mg/ml 
Sufentanil at 5 ml/h. Postoperatively, the infusion was con-
tinued and adjusted according to the patients’ pain levels by 
members of the acute pain service. The patients also had the 
opportunity to apply a patient controlled epidural analgesic 
(PCEA) bolus of 2 ml every 20 min.

Catheters were retained for 5 days in each group. The epi-
dural group subjects were extubated within hours after the 
conclusion of surgery, while the control group was extubated 
after 24 h in the ICU. Also, the length of stay in the intensive 
care unit was decreased by 50% in the epidural group.

Ochroch et al. studied the effect of thoracic epidural anal-
gesia on the recovery of activity and the development of 
long-term pain after major thoracotomy surgery [32]. One 
hundred fifty seven patients undergoing thoracotomy were 
premedicated with midazolam 0–2 mg, and with Fentanyl 
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0–3 mg/kg for catheter placement. Catheters were placed at 
T6–T8 and tested with 3 ml 1.5% Lidocaine with 1/200,000 
epinephrine. Mispositioned catheters were replaced. Patients 
were excluded from the study if the catheter could not be 
placed above T-12. General anesthesia induction included 
3 mg/kg Fentanyl.

In Group 1, 6 ml of saline were injected into the epidural 
catheter followed by an infusion of saline at 8 ml/h starting 
prior to skin incision. In Group 2, 6 ml of 0.375% bupiva-
caine with 3 mg/ml Fentanyl were injected as a bolus fol-
lowed by an infusion of the same mixture at 8 ml/h. If surgery 
was less or more than the expected surgery, the patients were 
dropped from the study. At rib approximation, all patients 
received an epidural bolus of 5 ml of 0.5% bupivacaine with 
50 mg fentanyl.

In the postanesthesia care unit (PACU), patients who did 
not have a band of thoracic anesthesia received 6 ml of 1.5% 
lidocaine with epinephrine, and those that failed to develop 
anesthesia were dropped from the study as having an inade-
quate epidural catheter placement. PCEA was then started 
with 0.05% bupivacaine and 1 mg/ml Fentanyl at 4 ml/h with 
3 ml bolus dose permitted every 10 min. A 30-mg single dose 
of Ketorolac was administered for chest tube shoulder pain. 
Catheters were maintained until the chest tube was pulled, 
and then the patients were converted to oral medications.

The results showed that women tended to have more aver-
age, and worst levels of pain than men, but were discharged 
from the hospital sooner than men. Pain control did not seem 
to be affected by whether the epidural was activated prior to 
skin incision or at rib approximation. Long-term pain in both 
groups was similar at about 21% and correlated with the 
incidence of preoperative pain. However, this was improved 
over the 50% level reported in most retrospective studies, 
indicating that intraoperative activation of epidural analgesia 
in association with general anesthesia followed by extended 
postoperative effective epidural analgesia does reduce the 
incidence of chronic pain [32].

If patients do not tolerate epidural local anesthetics, an 
alternative would be to eliminate the local anesthetic and use 
a pure hydrophilic opioid epidural analgesic such as hydro-
morphone, which should not produce hypotension as a sec-
ondary effect to analgesia.

More recently, morphine encapsulated within liposomes 
to provide extended release of the morphine after epidural 
injection has become available and is commercially known 
as DepoDur™ (Endo Pharmaceuticals Inc, Chadds Ford, PA). 
After injection, in physiological conditions, the liposomes 
degrade to release the morphine slowly [47]. In clinical stud-
ies, DepoDur™ was given before surgery as a single epidural 
injection – without indwelling epidural catheter – and pro-
vided pain relief for 48 h, after which time most patients 
were transitioned to oral analgesics. DepoDur™ has only 
been approved for lumbar use. Its mechanism of delivery 

might promise a longer relief, less break through pain without 
the cumbersome need for an additional pump, IV pole and 
extra tubing.

During clinical trials with DepoDur™, the majority of 
adverse events were typical of opioid medications and con-
sistent with the surgical populations being studied. The use 
of DepoDur™ for thoracic epidural injection remains to be 
evaluated for safety and efficacy. Once safety is established, 
a thoracic single shot epidural with DepoDur™ might be a 
reasonable analgesic technique for usage during esophagec-
tomy surgery. However, this preparation is designed for use 
without the simultaneous use of local anesthetics, which can 
degrade the liposomal structure [48].

Other Regional Anesthetic Techniques

Intercostal Blocks

Multilevel, single shot, intercostal blocks are possible tech-
niques used to block pain from thoracic surgery. These blocks 
can be placed preemptively or more commonly under direct 
vision before closure of the surgical site. Local anesthetics 
are deposited proximally at the inferior border of the corre-
sponding rib. It would offer pain relief until other means 
could be implemented. In a study comparing continuous epi-
dural analgesia with 0.125% bupivacaine with 2 mg/ml 
Sufentanil, to multilevel single shot intercostal blocks with 
0.5% bupivacaine using visual score analog scales, it could 
be shown that on the day of surgery, an intercostal block was 
associated with a lower pain score when compared with epi-
dural anesthesia. However, on the day following surgery, the 
epidural group had superior pain relief [49].

Extrapleural Analgesia

Prior to closure of the thoracotomy incision, a portion of the 
parietal pleura is lifted away from the inner chest wall to cre-
ate an extrapleural pocket. A catheter is introduced percuta-
neously into this pocket under direct vision. The overlying 
pleura are sutured closed at the thoracotomy incision site 
[50]. Percutaneous catheter placement into this space with-
out intraoperative visualization has also been described, 
albeit with a technical failure rate of 10–30%, and complica-
tions in 10% (hypotension, vascular, or pleural puncture) 
[51, 52]. Many types of catheters can be used [53, 54]. 
Different types of local anesthetics and concentrations could 
be used. Most frequently 0.5 or 0.25% bupivacaine, 1% lido-
caine, or 0.5% ropivacaine are used. The rate of infusion is 
generally at 5–7 ml/h for an average adult (0.1 ml/kg/h) [50]. 
Analgesia to pinprick (~5 dermatomes unilaterally) is simi-
lar to a thoracic epidural (bilaterally) [55].
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Randomized studies comparing an extrapleural technique 
with epidural analgesia suggest that outcomes are at least as 
good, if not better, using an extrapleural approach [56, 57].

Pain relief is somewhat better and narcotic usage some-
what less with an extrapleural catheter, but the differences 
are not consistent and often not statistically significant. 
Extrapleural analgesia may preserve forced expiratory volume 
at 1 s (FEV1) better, but the effect on pulmonary complica-
tions is unclear [50].

Randomized studies comparing extrapleural infusions of 
bupivacaine and lidocaine found no difference in pain relief, 
need for supplemental opiates, or pulmonary function [58, 59]. 
More side effects occurred in patients receiving an epidural 
in studies comparing extrapleural bupivacaine with epidural 
techniques [57, 60–62].

Extrapleural infusion of bupivacaine has been very well 
tolerated. Local complications were seen in 0.6% of patients 
in studies that specifically reported complications (one 
patient each with transient hypotension and transient Horner’s 
syndrome). Systemic bupivacaine toxicity (confusion) was 
noted in 0.8% of patients [50]. Average plasma bupivacaine 
levels during continuous infusion for several days were 
3–4 mg/ml (range, 2.1–4.92 mg/ml), which is close to the 
commonly accepted threshold of 5 mg/ml for CNS toxicity. 
But these patients did not experience toxicity [54, 55, 61, 
63–65]. Maximal levels of 7.48 mg/ml and 10.25 mg/ml have 
also been reported without toxicity [63, 64].

The explanation may be that the vast majority of plasma 
bupivacaine during an infusion is bound to serum proteins 
and is thereby rendered biologically inactive [65]. Attempts 
to define a toxic plasma level have been unable to do so, and 
the incidence of toxicity appears to be related to the rapidity 
of administration [66]. In any case, both epidural and intra-
pleural techniques are superior to systemic opiates [50].

Interpleural Analgesia

Interpleural administration of local anesthetics is accom-
plished by introducing a small catheter percutaneously into 
the pleural space before thoracotomy closure. One or two 
epidural-type catheters with multiple side holes are generally 
used, and positioned posteriorly in the paravertebral gutter, 
spanning several intercostal spaces above and below the inci-
sion [50]. Local anesthetics are usually administered in the 
form of bupivacaine. Intermittent doses are given every 4, 6, 
or 8 h. Continuous infusion could also be used. The dose of 
bupivacaine is not consistent, but the most common volume 
is 20 ml, and the most common concentration is 0.5% [50]. 
Epinephrine could be added but is not needed. Management 
of the chest tubes may be important because a large portion 
(about 30%) of the administered dose drains out the tubes 
within 15 min.

Randomized studies (mostly double-blind, placebo-con-
trolled) of interpleural local anesthetics after thoracotomy 
suggest that the benefit of this approach is marginal, at best 
[50]. No complications owing to interpleural catheter placement 
have been reported. Systemic bupivacaine toxicity was reported 
in 5% of patients overall using a constant infusion [62].

Among studies using intermittent dosing, bupivacaine tox-
icity occurred in 2.1% [66]. Average plasma bupivacaine levels 
have generally been approximately 1 mg/ml (0.32–2.29 mg/ml) 
with wide individual variation among patients [66]. The 
amount of bupivacaine lost in the chest tubes does not seem 
to correlate with either the plasma levels or the degree of pain 
relief. The variability in efficacy and toxicity of interpleural 
analgesia may be related to pleural permeability, inflamma-
tion, adhesions, and dilution with blood or effusion [50].

In a study of the use of interpleural catheters for adminis-
tration of local anesthetics in esophagectomy surgery 
patients, bupivacaine was found to be effective for the thora-
cotomy pain but not for the abdominal pain, even with the 
addition of intravenous PCA morphine [67]. In these types of 
surgery, epidural analgesia may still be the preferred and the 
most effective method.

Intravenous Opiates

The use of opioids in pain management has been success-
fully employed since ancient times. However, physicians 
still remain reluctant to utilize opioids in elderly patients. Yet 
in a study conducted by Auburn et al. of 175 elderly patients 
vs. 875 younger patients who were treated with iv Morphine 
for postoperative pain in the PACU, there was no increased 
incidence of adverse side effects noted when a strict titration 
to pain level protocol was followed. It was not necessary to 
change the protocol according to age [25].

The most important generalization from physiologic stud-
ies of aging is that the basal function of the various organ 
systems is relatively uncompromised by the aging process 
per se. However, functional reserve and the ability to com-
pensate for physiologic stress are reduced with aging [68]. 
With aging there is decreased lean body mass and total body 
water and an increased proportion of body fat; these alter the 
volume of distribution and redistribution of drugs and alter 
their rates of clearance and elimination [68].

There is decreased liver mass and blood flow, which pro-
longs drug metabolism [69]. There is an age-related decrease 
in basal metabolic rate of the liver and a decline in albumin 
production of about 10% [70]. However, overall age-related 
changes in protein binding do not produce clinical difference 
in drug transport [71].

Drug biotransformation reactions can either lead to the 
inactivation of the parent compound, the conversion of an 
inactive compound to an active one, or result in metabolites 
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that are even more active than the parent active drug. Toxic 
metabolites are also produced, which depends on rapid 
excretion to avoid harm to the organism. Drug biotransfor-
mation is usually an enzymatic process. Although most tis-
sues have some enzymatic metabolism, most occurs in the 
liver. Patients with impaired liver function will therefore 
have altered metabolic capacity for drug elimination [72].

Renal blood flow is also compromised by aging; approxi-
mately 10% per decade of life after age 50 with loss of renal 
parenchyma also [73]. Perioperative metabolic acidosis is 
relatively common in elderly patients who are less efficient 
in the renal excretion of acid [68]. Anesthetics, surgical 
stress, pain, sympathetic stimulation, and renal vasoconstric-
tive drugs may all compound subclinical renal insufficiency.

The kidney, lungs, GI tract, and skin all have some capac-
ity to metabolize drugs. One of the major enzymatic systems 
for drug elimination with respect to analgesics and adjuvant 
analgesics is the cytochrome P450 system of enzymes. Drugs 
that are administered simultaneously and that are metabo-
lized by the same enzyme system will compete for binding 
sites and thus can lead to altered blood levels [72].

The elderly have decreased renal function, which increases 
the risk of nonsteroidal antiinflammatory drug (NSAID) 
nephrotoxicity and accumulation of metabolites of drugs 
such as meperidine [73]. There is decreased plasma binding, 
which increases blood levels of active drugs, opioids, and 
NSAIDs (even the specific cyclo-oxygenase 2 (COX-2) 
inhibitors such as Celecoxib (Celebrex®)) [74].

Patient-controlled analgesia (PCA) is a method of pain 
relief that allows patients to self-administer small doses of 
opioids on demand, accompanied by the option of a continu-
ous infusion, using a programmable infusion device. Versatile 
routes (intravenous, subcutaneous, epidural) and pharmaco-
logic agents (morphine, meperidine, hydromorphone, fenta-
nyl) exist for PCA administration [75]. Prior to the advent of 
PCA, patients primarily received morphine or other opiates 
either by intramuscular injection or intravenous bolus. 
However, since the introduction of PCA, many studies have 
shown its superiority to the older methods.

However, while PCA is now in wide and common use, 
physicians are still often reluctant to use PCA in older 
patients. Yet proper pain control is imperative in elderly 
patients because of higher rates of postoperative confusion, 
morbidity, and mortality [76]. But PCA was found to be 
effective in this population with the caveat that the patient is 
physically or mentally able to operate the machine [76]. It is 
also advisable to refrain from administering a continuous 
basal infusion in the elderly population.

Regardless of the method of initial pain control after tho-
racic or cardiac surgery, there is usually a necessity to convert 
to oral pain medication for discharge home. Proper and ade-
quate dosing of oral opioids will lead to a more satisfactory 
transition to home. Below several conversion aides utilized 
by the authors are presented.

Conversion from Morphine to Transdermal 
Fentanyl

Remember equi-analgesic principles. A cumulative dose of 
60 mg/day of intravenous Morphine or 180 mg/day of oral 
morphine = 100 mg/h transdermal fentanyl patch, which is 
changed every 72 h. As with all sustained release opioids, 
this is for continuous pain that is opiate responsive. You still 
need to consider breakthrough pain medications, fast onset, 
short duration, for activity based pain.

Conversion from IV PCA to Control Release 
Oxycodone in the Postoperative Period

Ginsberg et al. enrolled 189 patients in an open label study, 
post abdominal, orthopedic, or gynecologic surgeries. Patients 
with signs of paralytic ileus were excluded. IV Morphine PCA 
was administered for the first 24 h. Then the patients were con-
verted to controlled release Oxycodone, according to a conver-
sion factor. Most patients were controlled (pain scores £4/10 in 
the first 6 h). Formula: Initial CR Oxycodone mg dose = IV opioid 
(mg/day) × conversion factor ÷ 2 (for 12 h dosing) [77].

Conversion factors for starting dosing:

Morphine  1.5
Meperidine  0.2
Hydromorphone 10.0

Dosing was adjusted up or down according to available 
tablet strengths, 10, 20, 40 mg. Immediate release oxycodone 
was used for breakthrough supplements.

Other conversions
IV Morphine to P.O. Morphine 1:3 ratio (after several days 
of morphine administration)

24 h IV Morphine × 3 = 24 P.O. Morphine, divided as sus-
tained release morphine in a q8h dosing schedule.
I.V. Morphine to P.O. Methadone

24 h I.V. Morphine × 1.2 = 24 h P.O. Methadone after short  −
exposure to Morphine.
300 mg/day oral Morphine = 30 mg/day oral Methadone (the  −
higher the morphine dose, the lower the methadone conver-
sion dose due to the presence of acute opioid tolerance).

Other Analgesics

NSAID’s, COX-2 inhibitors, and acetaminophen can all be 
useful adjuvants to pain management in the elderly provided 
that dosing is carefully monitored since unlike the opiates, 
these drugs do have organ toxicity.

NSAIDs [78]
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The antiprostaglandin effect of NSAIDs can be beneficial 
during the acute phase of soft tissue injury. This biochemical 
effect may control an injury’s inflammatory response and 
provide pain relief. The duration of a NSAIDs’ analgesic 
effect may be different than its antiinflammatory effect. 
Chronic inflammatory disease pain such as arthritis may 
warrant chronic NSAID therapy.

It is wise to remember that COX-2 specific inhibitors do 
not affect platelet aggregation and therefore may pose a risk 
for MI if the patient is taken off aspirin therapy. Since low-
dose aspirin is increasingly being used for cardioprotection, 
it is important to note that coadministration of selective 
COX-2 inhibitors did not alter this effect [79].

Analgesic Adjuvants

Alpha 2 Agonists

Clonidine and dexmedetomidine are a class of centrally act-
ing a

2
-adrenergic agonists. They exhibit an analgesic prop-

erty through stimulation of the a
2
 adrenergic receptor in the 

substantia gelatinosa of the spinal cord, and sedative proper-
ties through agonistic action on the a

2
 adrenergic receptors 

in the locus cerulueus in the brainstem. Activation of the a
2
 

adrenergic receptors located on sympathetic nerve terminals 
leads to decrease release of norepinephrine. They potentiate 
the anesthetic effect of inhalational agents (decrease MAC of 
inhalational drugs) and potentiate the effect of opioid analge-
sics. They lack the respiratory depression property of opi-
ates, but may cause hypotension, sedation, and dry mouth.

Preservative-free Clonidine may be used as a component 
of the epidural infusion or intrathecal injections [80, 81].

Dexmedetomidine is particularly useful during minimally 
invasive cardiac surgery, where extubation is planned in the 
operating room. The resultant sedative, analgesic, and hemo-
dynamic effects allow a calm extubation, stable vital signs, 
and an uneventful transfer to the intensive care unit (Berger, 
June 2010, unpublished experience).

Cardiac Surgery

Advances in operative therapy and anesthetic techniques have 
allowed for rapid recovery of patients after cardiac surgery. 
These advances, along with the increased emphasis on pain 
control, have highlighted the need for improved strategies of 
pain management after cardiac surgery [82]. The common 
cardiac surgeries in the geriatric patient population are CABG, 
aortic valve replacement, mitral valve repair or replacement, 
Maze procedure for atrial fibrillation, and repair of thoracic 
aortic aneurysm/dissection. The surgical incision can be 
median sternotomy, minimally invasive/mini-thoracotomy or 

regular thoracotomy (for descending thoracic aortic surgery). 
Patients experience pain, pressure, or burning sensation in the 
chest at the incision site and at the chest tube sites, and pain 
(usually more than chest pain) in the leg or arm at the vein or 
artery harvest sites.

Early awakening and extubation have brought the prob-
lem of postoperative pain management in cardiac surgery 
into focus [83]. Residual pain 1 year after surgery is reported 
to be 25% after median sternotomy, emphasizing the role 
that reduced intercostal nerve disruption and improved sta-
bility of the closure may play in reducing chronic pain [84].

The standard practice has been intravenous opiates given 
as needed followed by conversion to oral pain medications. 
However, the quest is on to find an ideal postoperative anal-
gesic technique to complement the goal of early extubation 
and maximize patient satisfaction [83].

Inadequate pain control after coronary artery bypass graft 
(CABG) surgery and other cardio-thoracic operations can 
result in both increased morbidity and hospital length of stay 
[85–88]. Standard management of postoperative pain is with 
opiate analgesics, such as morphine sulfate. However, opioid 
effects, such as respiratory depression, nausea, vomiting, 
decreased gastrointestinanal motility, and peripheral vasodi-
lation, can potentially worsen the patient’s condition and 
result in unfavorable outcomes, extended hospital stay, and 
increased costs [85–89].

As indicated earlier in this chapter, the advantages of 
intravenous or subcutaneous opiate PCA for cardiac surgery 
patients include the following: [75]

Painless routes of administration• 
Avoids peaks, valleys, fluctuations, and delays in pain relief• 
Provides prompt and lasting comfort• 
Flexible, titratable, and individualized therapy• 
Potential for fewer opioid-related side effects compared • 
with intermittent bolus administration
Enhanced sense of control over the pain experience by the • 
patient
Decreased nursing burden compared with conventional • 
methods

The disadvantages of PCA include the following: [75]

Requires specialized equipment (the PCA infuser device • 
or “pump”)
Requires patient self-awareness and cognitive understand-• 
ing of the principles of PCA therapy for safe and effective 
use
Potential for operator and/or mechanical errors in pro-• 
gramming or delivery

Overall, with good patient selection, PCA can be very effec-
tive particularly for sternotomy incision cardiac surgery

Just as with noncardiac thoracic surgeries, studies have 
advocated the use of epidural or intrathecal anesthetics and/
or opioids in cardiac surgery patients [90, 91]. In patients 
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with severe pain associated with sternal fractures due to the 
sternal retraction device used during internal mammary 
artery harvest, epidural analgesia has been shown to be safe 
and effective; and results in improved postoperative pulmo-
nary function [83]. However, these techniques have not been 
adopted because of concerns over respiratory depression and 
epidural hematoma in patients who require full anticoagula-
tion during surgical intervention [82].

Multimodal analgesia, the combination of different modes 
of delivering analgesia, has been shown to be more effective 
than single methods of reducing pain. Multiple studies with 
regional anesthesia strategies in combination with systemic 
analgesics have demonstrated improved patient outcomes, 
including decreasing length of hospital stay. [83, 88, 92, 93] 
Continuous regional infusion of a local anesthetic to the opera-
tive site using an elastomeric pump (On Q™ pump) signifi-
cantly improved postoperative pain control while decreasing 
the amount of opiate analgesics required in cardiac patients with 
median sternotomy or thoracotomy incisions [83, 88, 93–96].

These studies also demonstrated that the regional infusion 
of anesthetic does not increase the incidence of wound com-
plications. Most studies have shown a trend toward a lower 
infection rate, which has been hypothesized to be due to the 
antimicrobial action of local anesthetics [97]. Regional anes-
thetic techniques have been used after minimally invasive 
cardiac surgery performed through a limited thoracotomy 
incision [98, 99]. This technique decreased chest wall pain 

and had fewer complications compared with those seen in 
control subjects. These studies demonstrate the safety and 
efficacy of this technique.

The paravertebral continuous catheter technique for tho-
racotomy pain is a technique that is gaining popularity 
because of its effectiveness in controlling unilateral thoraco-
tomy incision pain. The technique is described by Karmakar 
[100]. Thoracic paravertebral block (TPVB) is the technique 
of injecting local anesthetic adjacent to the thoracic vertebra 
close to where the spinal nerves emerge from the interverte-
bral foramina. This results in ipsilateral somatic and sympa-
thetic nerve blockade in multiple contiguous thoracic 
dermatomes above and below the site of injection [100]. 
Catheters can be placed using a similar technique that can 
then provide a continuous infusion of low concentration local 
anesthetic. In Fig. 9.4, Joshi and colleagues present a deci-
sion tree for the use of various regional anesthetic techniques 
for management of postthoracotomy pain, which can be use-
ful in the management of these patients [101].

Wound Pump

For median sternotomy incisions, after reapproximation of the 
sternum with wire sutures, two 20-gauge catheters with mul-
tiple side openings are inserted percutaneously and placed 
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if epidural analgesia and paravertebral block

are not possible

Paravertebral LA
Bolus dose

Paravertebral LA
Continuous infusion

Paravertebral LA
Continued

2–3 days postop

Supplementary systemic analgesia

Intercostal LA
Continued
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Intercostal LA
Continuous infusion**

Single bolus
spinal opioid

Thoracic epidural
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LA + opioid
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Fig. 9.4 Overall PROSPECT recommendations: regional techniques 
for post-thoracotomy analgesia. Asterisk: either thoracic epidural local 
anesthetic (LA) opioid or paravertebral block with LA is recommended 
as the primary analgesic approach; further studies on efficacy and 
safety are necessary to determine which technique is superior. Double 

asterisk: if intercostal LA is used, administration by continuous  infusion 
is recommended, despite limited data, because of the requirement for 
continuous analgesia for the long duration of postthoracotomy pain 
(reprinted from Joshi [100], with permission from Lippincott Williams 
& Wilkins)



1159 Acute Pain Control in Geriatric Patients After Cardiac and Thoracic Surgeries

directly over the sternum [83]. These catheters can be 
 connected to any type of appropriate pump but are often 
 connected to a pressurized disposable elastomeric pump that 
contains a flow regulator, which allows for delivery of a local 
anesthetic (e.g., 0.2% ropivacaine) at predetermined rates 
(~4 ml/h). These catheters are usually removed after 48 h. This 
is a straightforward procedure (see Fig. 9.5). After the opera-
tion, the elastomeric pump does not require any adjustment or 
care by physicians or the nursing staff. It can be used for essen-
tially all patients undergoing sternotomy or thoracotomy car-
diac surgery, but may not be appropriate for those patients who 
are anticipated to remain intubated for a prolonged period of 
time and requiring intravenous sedation [83]. Intercostal nerve 
blocks are usually performed in combination with this tech-
nique for thoracotomy incision. Bilateral intercostal blocks are 
performed for sternotomy incision. Or as previously men-
tioned, bilateral paravertebral catheters for continuous local 
anesthetic infusion can be implemented.

The addition of nonsteroidal antiinflammatory agents 
 (ibuprofen, naproxen sodium) may play an increasing role. 
However, there are always concerns about bleeding and renal 
dysfunction with their use, and these drugs often stopped for 
these reasons [83]. Cox-2 inhibitors (celecoxib) could be useful 
as described earlier in this chapter for thoracic surgeries. And 
should a specific Cox-2 inhibitor that is approved for intrave-
nous administration become available, it could be used in the 
immediate postoperative period with less concerns for bleeding 
or renal impairment than the currently used Ketorolac.

Intravenous dexmedetomidine infusion has been tried as 
an adjunct to intravenous opioid with some success. It is an 

alfa-2 receptor agonist just like clonidine, with a short 
half-life unlike clonidine. It provides analgesia with side 
effects of sedation, bradycardia, and hypotension (Berger, 
June 2010, unpublished experience).

Intravenous ketamine-midazolam infusion has been used 
to minimize the use of opioids in patients with high tolerance 
to narcotics (Berger, June 2010, unpublished experience).

On postoperative day two or three, most patients are con-
verted over to oral pain medications, for example, hydro-
codone/acetaminophen, acetaminophen/codeine, oxycodone/
acetaminophen, etc. Patients at USC University Hospital are 
given a preoperative cardiac surgery brochure, which describes 
this process [99].

In addition to the interventions described earlier, there are 
nonmedication adjuncts to pain relief. When used along with 
medication, these techniques can dramatically reduce the 
pain. These are also described for patients in this brochure. 
Relaxation tapes or Guided Imagery is a proven form of 
focused relaxation that coaches patients in creating calm, 
peaceful images in their minds, a “mental escape.” Patients 
can get relaxation tapes from bookstores, hospital gift shops, 
or can rent them at the library. For best results, patients 
should practice using the tape or CD before surgery and then 
use it frequently during recovery while resting.

Surgical Bra and Vest

For women, pain and discomfort may be felt at the incision 
site due to tension from the weight of the breasts when lying 
down or standing. Female patients should wear a nonunder-
wire surgical bra 24 h a day for 1 month after cardiac sur-
gery. Adjustable bras that have velcro closures will support 
the chest as well as ease pain. Some women may find their 
own bra more comfortable. Large men may feel more inci-
sion support with a surgical vest.

Use of the Pillow

A pillow can splint the incision area and help with pain dur-
ing coughing and deep breathing exercises. Patients should 
continue to use the pillow at home to find a more comfort-
able lying position as well as during coughing and deep 
breathing exercises to provide support for the chest incision.

Heating Pad

Heating pads can provide significant relief of muscle aches. 
They are not to be used on the incision sites.

Fig. 9.5 Intraoperative placement of wound catheters and an elastomeric 
pump (reprinted from Dowling [82] with permission from Elsevier)
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Summary

The geriatric patient who presents for thoracic or cardiac sur-
gery must receive careful attention to pain management. But 
as Cook and Rooke [68] conclude it is clear from a review of 
the physiologic changes that occur with aging, and that even 
the fit elderly patient’s ability to compensate for periopera-
tive stress is compromised after thoracic or cardiac surgery. 
The cardiac, pulmonary, neurologic, and neuroendocrine 
changes that occur with aging make hypotension, low car-
diac output, hypoxia, hypercarbia, and disordered fluid regu-
lation more commonplace in the perioperative period. 
Furthermore, because baseline cardiac, pulmonary, renal, 
and neurologic function is typically adequate in the absence 
of acute challenges, it can be very difficult to predict the 
effect of perioperative stress on the older patient [69].

In addition, as Chassery [101] amply reports, postthoraco-
tomy chronic pain occurs frequently and, without prevention, 
affects more than 50% of patients. He further states and pres-
ents data to support the conclusions that this type of chronic 
pain has significant repercussions on the quality of life for 
patients and important social costs [101]. Adapting a multi-
modal perioperative strategy including the use of thoracic 
epidural catheters and or paravertebral catheters can prevent 
pain and enhance the effects of other analgesics and adju-
vants such as ketamine, gabapentin, and preganbalin [101].

Chassery concludes his report with several “Points To 
Remember” [101].

Chronic pain after thoracotomy is defined as a pain per-• 
sisting for more than 2 months after surgery.
Chronic pain affects more than 50% of patients after tho-• 
racotomy and the neuropathic features of the pain are 
significant.
The mechanisms producing acute chronic pain postthora-• 
cotomy are associated with intercostal nerve damage and 
sensitization of the CNS.
A careful management strategy of anesthesia for patients • 
after thoracotomy should be planned to prevent the devel-
opment of chronic pain.
A thoracic epidural associated with a local anesthetic and • 
a lipid-soluble opioid, as well as a paravertebral catheter, 
remain the chosen techniques for treating acute postthora-
cotomy pain and preventing pain chronicity.
VATS allows a reduction in the intensity of acute postop-• 
erative pain, but it does not reduce the incidence of chronic 
pain.

Therefore, failure to appreciate and implement adequate 
pain control techniques in this patient population will most 
certainly lead to greater morbidity and mortality after tho-
racic or cardiac surgery, and represents an abdication of our 
responsibility as physicians. The availability of techniques to 

intervene at every level of the nociceptive (pain) pathway, as 
shown in Fig. 9.6, should make uncontrolled pain and chronic 
pain, conditions of the past.
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Abstract During the past two decades, the field of palliative 
care has matured and organized itself into a recognized 
specialty of medicine with an increasingly diverse spectrum 
of settings, including geriatrics and surgery. Palliative care 
is defined as interdisciplinary care, that aims to relieve suf-
fering, and improve the quality of life for patients and their 
families with serious or advanced illness. There is no limit-
ing prognostic window for this approach to care, though it 
is increasingly suitable as the disease progresses. It can 
be offered as the sole aim of care, or simultaneously with 
all other appropriate medical treatment. Given its empha-
sis on symptom control and quality of life, palliative care 
principles and practice have much to offer elderly patients 
and their families, anticipating or receiving surgical care for 
cardiothoracic conditions.

Keywords Surgical palliative care • Palliative care • End-of-life 
care • Syndrome of imminent demise • Advance directives  
• Hospice • Communication • Symptom management  
• Cardiomyopathy • Lung cancer • AICD • Interdisciplinary 
team

Introduction

During the past two decades, the field of palliative care has 
matured and organized itself into a recognized specialty of 
medicine with an increasingly diverse spectrum of settings, 
including geriatrics and surgery. Although palliative care is 
rooted in hospice philosophy, it has a much wider scope than 
terminal illness which is associated with hospice. While hospice 
care has been limited to patients not planning further disease 
directed treatment, and who have a life expectancy of less 
than six months, palliative care is defined as interdisciplinary 

care that aims to relieve suffering, and improve the quality of 
life for patients and their families with serious or advanced 
illness. There is no limiting prognostic window for this 
approach to care, though it is increasingly suitable as disease 
progresses. It can be offered as the sole aim of care or simul-
taneously with all other appropriate medical treatment. Given 
its emphasis on symptom control and quality of life, palliative 
care principles and practice are especially appropriate for 
elderly patients and their families anticipating or receiving 
surgical care for cardiothoracic conditions.

The increasing recognition of the value of the palliative 
approach to care, reflects a fundamental shift in priorities 
within the culture of medicine that has been occurring over the 
past three decades. The dominant imperative of saving or pro-
longing life has been increasingly tempered by quality of life 
considerations during this era. This development was presaged 
by the widespread and growing popularity of home based hos-
pice care in the US, introduced in the mid 1970s. Public aware-
ness of end-of-life issues was further enhanced by judicial 
decisions ruling on the individual’s right to deny medical treat-
ment [1], the debate on physician-assisted suicide, and adverse 
experiences with end-of-life care [2] that contrasted so sharply 
with progress in other venues of medical care.

It was not until the mid 1990s that the field of surgery 
began to direct its attention to quality of life outcomes [3], 
and only recently have reliable metrics been developed for 
measuring them. Increasing research, inpalliative care and 
quality of life related to surgical intervention, has been sup-
ported by the American College of Surgeons [4] (Table 10.1), 
the American Board of Surgery [5], surgical educators [6], 
and critical care surgeons [7].

Why Palliative Care?

The landmark SUPPORT [2] study of patients with advanced 
illness, and their families, in acute care hospital settings, 
demonstrated marked deficiencies in pain management, and 
communication about patient preferences. Equally sobering 
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was the recognition that a considerable portion of Medicare 
expenditure has been for patients during the last 6 months of 
life, many in a critical care setting with poor quality of life 
[8]. Moral [9, 10], socioeconomic [11, 12], and clinical out-
comes [13, 14] arguments have subsequently been advanced 
in support of offering palliative care services in the hospital 
setting, during an era when the demographic pattern is trend-
ing towards longer patient survival, including those with 
multiple, serious, and chronic co-morbidities.

The number of in-hospital palliative care programs has 
increased linearly from 632 (15% of hospitals) in 2000 to 
1,027 (25% of hospitals) in 2003 [15], and has continued to do 
so since. The critical care setting has proven to be a very suc-
cessful and rewarding venue for palliative care consultation, 
because of enhanced communication, more timely clarifica-
tion of goals, and increased attention to symptom control [16, 
17]. In a recent survey of trauma and neurosurgeons at a uni-
versity-based American College of Surgeons Level 1 trauma 
center, the respondents believed they were better equipped to 
manage the consequences of a sudden advanced illness through 
collaboration with a palliative care service [18].

The Palliative Care Team

An interdisciplinary team is the method of service delivery 
for all palliative care programs, and has been identified as a 
core element of palliative care by the National Consensus 

Project for Quality Palliative Care [19]. The National 
Quality Forum [20] subsequently endorsed this. The scope 
of the team membership is highly variable and flexible, 
depending on the nature of the facility, the available exper-
tise, and other resources. The core constituents usually 
include physicians, nurses, social workers, and chaplains, 
though the contributions of pharmacists, psychologists, 
physical and occupational therapists, wound care special-
ists, speech and language pathologists, nutritionists, and 
volunteers are invaluable. Complementary and alternative 
therapies are often integrated to the extent they do not con-
flict or undermine the patient-designated goals of care. 
Certification in hospice and palliative medicine by respec-
tive boards of team members is desirable, though the mini-
mum educational standard for team participation should be 
a basic understanding of the domains of palliative care 
(physical, psychological, social, and spiritual), the goals of 
the Medicare Hospice Benefit (MHB), communication 
skills, pain and non-pain symptom management, grief, and 
bereavement.

Indications for Palliative Care Referral

Considerations for referral of elderly cardiovascular surgical 
patients for palliative care consultation include pre-operative 
assessment and clarification of goals, assistance with pain 
and non-pain symptom management, psychosocial family 
support, assistance in withdrawal of life support, and dispo-
sition planning, especially when hospice care is a consider-
ation. When making a referral for palliative care services, it 
is extremely important to recommend this to the patient and 
family in a positive, non-defeatist way. Rather than saying, 
“There is nothing more we can do, so we are just going to 
make (you/him) comfortable”, say, “In order to meet the 
goals of care we have been discussing [name a few men-
tioned by patient/family], I would like our palliative care 
team to visit you” [21]. Emphasis on the team’s experience 
in pain and non-pain symptom management, and its exper-
tise in pinpointing patient-designated goals of care, can fol-
low this introduction. To allay fears of abandonment, reassure 
the patient/family that palliative care consultation is a sup-
plement to your own on-going involvement.

Clinical Scenarios

The following clinical scenarios have been taken from my 
consultative practice as a surgeon and a consultant for pallia-
tive care during the past 15 years. They represent common 
themes and problems encountered in clinical palliative care.

Table 10.1 Statement of principles of palliative care

Respect the dignity and autonomy of patients, patients’ surrogates, and 
caregivers

Honor the right of the competent patient or surrogate to choose among 
treatments, including those that may or may not prolong life

Communicate effectively and empathically with patients, their 
families, and caregivers

Identify the primary goals of care from the patient’s perspective, and 
address how the surgeon’s care can achieve the patient’s objectives

Strive to alleviate pain and other burdensome physical and nonphysi-
cal symptoms

Recognize, assess, discuss, and offer access to services for psychologi-
cal, social, and spiritual issues

Provide access to therapeutic support, encompassing the spectrum 
from life-prolonging treatments through hospice care, when they 
can realistically be expected to improve the quality of life as 
perceived by the patient

Recognize the physician’s responsibility to discourage treatments that 
are unlikely to achieve the patient’s goals, and encourage patients 
and families to consider hospice care when the prognosis for 
survival is likely to be less than a half-year

Arrange for continuity of care by the patient’s primary and/or 
specialist physician, alleviating the sense of abandonment patients 
may feel when “curative” therapies are no longer useful

Maintain a collegial and supportive attitude toward others entrusted 
with care of the patient
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Case Scenario 1: Unstable Angina/
Cardiomyopathy

Teaching points: communication of bad news, transitioning 
of goals of care

Mrs. H., an 86-year-old widowed, vivacious white female, 
living alone in her own home, presented with anginal pain 
and shortness of breath. Admission chest X-ray showed 
cephalization of vessels, cardiomegaly, and bilateral pleural 
effusions consistent with congestive heart failure. Cardiac 
echo demonstrated global akinesis with an estimated ejection 
fraction of 15–20%. Serum creatinine was 3.0 mg/dL. A pre-
viously performed cardiac catheterization demonstrated coro-
nary disease unfavorable for stenting. Because of this, a 
cardiothoracic surgeon was consulted for an opinion. A con-
sulting nephrologist expressed concern about the probability 
of temporary, and possibly permanent hemodialysis follow-
ing coronary angiography and/or surgery. Following vigorous 
diuresis, her dyspnea improved, though her serum creatinine 
increased. Mrs. H’s only son who was present during her con-
sultations expressed his strong wish that she undergo any 
intervention possible to improve her cardiac status, because 
she was “so ‘with it’ and otherwise healthy.” Sensing Mrs. 
H’s reluctance to undergo catheterization, dialysis, or surgery, 
her consulting surgeon suggested a meeting with the pallia-
tive care team for improving communication about the impli-
cations of her condition, and clarification of goals of care.

The surgeon initiated the referral by sitting down next to 
Mrs. H, and asking her if she would like her son to be present 
while he made a recommendation. She said she would.
Surgeon:  “Because of the complex nature of your condition and 

the number of individuals involved in your care [gestur-
ing to her son], I recommend you meet with members 
of our palliative care team because of their ability to 
communicate with all of us as well as dig deeper about 
what matters to you and what it will mean for your plan 
of care. They will also help us control your chest pain 
and breathlessness as this discussion is taking place.”

Shortly after this, a meeting that included Mrs. H, her son, 
Mrs. H’s primary nurse and case manager, and the consulting 
palliative care physician takes place in a quiet, private setting.

Physician:  “Mrs. H, now that you have been here a few 
days what do you know about your current 
medical condition”

Mrs. H:  “I know I have a bad heart, and that I might 
need dialysis and surgery.”

Physician:  “Were you surprised to learn of this?”
Mrs. H:  “I wasn’t totally surprised. I have had heart trou-

ble before, but this is worse than I thought.”
Physician:  “What did you learn that meant it was getting 

worse?”
Mrs. H:  “That I might need dialysis and surgery.”

Physician:  “Are those treatments you would be willing to 
have?”

Mrs. H:  “I don’t think so. I have lived a good life and I 
am ready to see my husband again. We were 
married 61 years. I just want to be comfortable. 
Can’t you give me something” [laughing].

Son:  [Very distraught, looking at his mother] “Mom, 
do you want to die!”

Mrs. H:  “Of course not! I just don’t want to be living 
this way and being a burden to others.”

Physician:  “If I am correct, Mrs. H, you are saying that 
wanting to die, and readiness to die have sepa-
rate meanings?”

Mrs. H:  “That is exactly what I am trying to say. I am 
ready to die, but I am in no rush! I just want to 
be comfortable.”

Sensing Mrs. H’s son’s unresolved tension, the physician 
asks Mrs. H. if she would mind if he spoke privately with her 
son to discuss her care further. Both Mrs. H. and her son 
agree this would be helpful. The physician tells Mrs. H. he 
will return after the discussion with some recommendations 
for her care. The discussion continues with the case manger, 
the son, and the physician:

Physician:  “I can see that your mother’s decision is upset-
ting you.”

Son:  “Well, yes! I don’t want to just let her die. She’s 
hardly been sick a day of her life; she was driv-
ing just last week, for God’s sake, and now 
you’re telling me she’s dying!”

Physician:  “No one is saying she is dying, but she is more 
seriously ill than her good spirits let on. Do you 
want more information about her illness?”

Son:  “Mom never complained about anything. I just 
wished she had done something about this 
sooner. How sick is she?”

Physician:  “Are you the kind of person who likes to know 
all the facts, or do you want me to focus more 
on the positive information?”

Son:  “I want to know what’s going on. The whole 
truth.”

Physician:  “I will tell you what we are pretty sure about, as 
a basis for making our best guess for what is to 
come. We know she has been increasingly short 
of breath, and more recently, having chest pain 
relieved by rest and heart medications. Her 
physical examination, chest X-ray and echocar-
diogram findings confirmed our suspicions that 
her heart is failing, most likely from coronary 
disease. We also know she previously had mod-
erately severe blockage of her coronary arteries 
when they were studied several years ago.”

Son:  “I didn’t know about the previous study.”
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Physician:  “As you pointed out, your mother is a private  
person. She may not have wanted to burden 
you, just as she has said she doesn’t want to in 
the future.”

Son:  “How long do you think she has to live?”
Physician:  “Before I respond to that we should talk about 

how she prefers to live. She made this part easy 
for us: She told us she wants to be comfortable. 
She was very clear earlier about not wanting 
invasive procedures done, though we can re-con-
firm that when we speak to her again. Did she 
ever prepare a document stating her preferences 
about medical treatments when seriously ill?”

Son:  “You mean a ‘living will’?”
Physician:  “Yes. It’s usually made up of two parts: a person 

designated to make medical decisions on her 
behalf if she is not capable of doing so herself, 
and a ‘yes’ or ‘no’ check list of medical treat-
ments like attempts at cardiac resuscitation, 
ventilator support, dialysis, and so on.”

Son:  “She doesn’t have one, but I don’t think she 
wants any of those things.”

Physician:  “I don’t believe most of those things would be 
consistent with what she has asked for, nor are 
they likely to improve her quality or even quan-
tity of life. She is not being unreasonable – she 
is at extremely high risk for a bad outcome with 
surgery. I wish she were a good candidate.”

Son:  [fighting tears] “I don’t want her to suffer!”

Physician:   [placing his hand on the son’s shoulder]: “Of 
course you don’t. She is lucky to have you in her 
corner. I am confident we can keep her comfort-
able by respecting her wishes and dignity, and 
using medications to target her bothersome symp-
toms. To get back to your question, ‘How long?’ 
– no one can pinpoint this. Cardiac disease, unlike 
cancer, is less predictable but it is a progressive 
illness. Patients can plateau for months, or even 
years, before a new event signals progression. 
Death can occur suddenly in some patients. Even 
if her care is focused on comfort rather than 
increasing survival, we are probably looking at a 
wide range of time, probably weeks to months, 
possibly even beyond that.

Son: [clearly saddened, but making good eye con-
tact]: “When can she go home?”

Physician:  “I recommend we get back to her to let her know 
about this discussion, and to make sure we are 
making her comfortable. With the help of the 
case manger we can plan her post-hospital care. 
We wouldn’t want her to leave without reassur-
ing her about our commitment to her wishes, 
and having reliable control of her chest pain and 

shortness of breath. If she has questions like 
yours, I will respond to them in the same way I 
did for you. Are you in agreement with that 
approach?”

Son:  “Yes. And thank you for your honesty.”
Physician:  “Thank you. We can meet again to discuss other 

matters, and answer other questions that will 
come up. Here is my card if you need to leave a 
message. Let’s go see your mother.”

The very high rate of Medicare expenditure during the last 
six months of life of beneficiaries is related to ICU admis-
sions or re-admissions for patients with end-stage disease(s). 
Even more pressing than the financial burdens imposed on 
health care systems and families, is the moral imperative of 
preventing unnecessary suffering related to low-yield highly 
invasive treatments, frequently in contrast with patients’ pre-
vious stated preferences. These problems were dramatically 
brought to light by the landmark SUPPORT [2] study which 
discovered that up to 85% of patients who had previously 
expressed their wish to die at home died in hospital. 
Additionally, half of the patients studied were noted by fam-
ily members to have uncontrolled, moderate to severe pain in 
the last days of life. The intervention phase of this study, 
ongoing nurse clinician notification of the attending physi-
cian about enrolled patient’s prognosis and preferences, 
failed to improve the outcomes of pain control and adherence 
to patient-stated treatment preferences.

Since the time of the study, medical practice has increas-
ingly recognized the role of direct communication between 
physicians and patients and their families for the achieve-
ment of quality of life outcomes. Robert Buckman is widely 
acknowledged for his pioneering work in elevating the pro-
cess of clinical communication to the level of skill and rec-
ognition it deserves. He introduced a step-wise approach 
model of communication that can be adapted to both break-
ing bad news and setting goals of care as in the above vignette 
[22]. The model requires attention to setting, decorum, 
appropriate support, clarity of language, and follow-up con-
tingencies. When following this model, the most critical skill 
in achieving the goal of maintaining the patient/family’s trust 
and hope is the empathic response, which is the ability to 
identify the emotional response to a statement, i.e., bad news, 
and then signal to the patient that you have noticed the 
response and it’s connection to it’s source as demonstrated in 
the vignette: “I can see that your mother’s decision [to forego 
life-prolonging treatment] is very upsetting to you.”

The safe conduct of an operation is a convenient meta-
phor for Buckman’s stepwise approach to communication 
(Table 10.2). The giving of unwelcome news is an invasive 
procedure. The style of communication of adverse news has 
been shown to have long-term impact on patients and family 
members. Increased organ donation [23, 24], and post- 
traumatic stress [25] have been associated with favorable and 
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unfavorable assessments of communication, respectively. 
The American College of Surgeons has recently convened a 
task force to study patient communication [26].

Case Scenario 2: Post-Operative Multiple 
System Organ Failure

Teaching points: clarification of goals, withdrawal of life 
support

Mr. L., an 84-year-old married father of four, underwent 
an elective aortic valve replacement, that was complicated 
by a sternal wound infection resulting in SIRS. He subse-
quently required prolonged ventilator and pressor support, 
continuous renal replacement therapy, while remaining 
obtunded except in response to painful stimuli. On the tenth 
post-operative day the family was asked for permission to 
perform tracheostomy and percutaneous endoscopic gastros-
tomy (PEG), because of the anticipated prolonged need for 
ventilator and nutritional support. Because the family seemed 
inclined to deny this, despite the surgeon’s belief that Mr. L. 
did not have a terminal illness, but a potential reversible crit-
ical illness, a palliative care consultation was arranged to 
assist with clarification of goals, and possible withdrawal of 
life support. The patient had no advance directives.

The palliative care consultant reviewed the chart and studies, 
examined Mr. L, then spoke directly with the surgeon, the inten-
sivist managing the patient’s ICU care, and the consulting 
nephrologist and neurologist. A meeting with the Mr. L’s family, 
his primary ICU nurse, the ICU social worker, and the palliative 
care physician was then held:

After introductions and explanation of his role in Mr. L.’s 
care, the physician addresses Mrs. L who has been making 
medical decisions on her husband’s behalf:

Physician: “Mrs. L., can you tell me what you have 
learned so far about your husband’s condition 
so we are all sure we are making decisions 
based on the same information?”

Mrs. L.: “Why, certainly. My husband is still on the 
breathing machine, and now they want to do a 
tracheostomy and put in a feeding tube. He is 
on the dialysis machine. They say he is in a 
coma. Is that what you mean?”

Physician: “Yes. It sounds like you have a pretty good 
idea about just how sick he is.”

Mrs. L.’s son: “Yeah, we know he’s really sick, but no one 
is telling us if he will ever get better.”

Mrs. L.,
doubtful: “Will he get better?”
Mrs. L.’s 
daughter, 
angry:  “Come on! He never wanted to be like…

like this!”
Physician: “I can see how upsetting this is for all of you, 

to have things not turn out, and to then have 
to make these types of decisions. I would 
like to answer the questions each of you has 
raised [all family members nod affirmatively, 
daughter crying]. To respond to you, Mrs. L., 
he could get “better” [gesturing quotation 
marks], but we have no way of predicting 
how much. [Looking at the son] What we do 
know is that getting better will require weeks 
of critical care at this point, the possibility of 
permanent dialysis, and even permanent 
institutionalization if he continues to require 
ventilator and dialysis support. The chances 
of survival, not to mention quality of life, are 
slim based on the number of body systems 
now in failure. He could survive all of this, 
but the quality of his life if he does, is much 
more uncertain. Did he ever leave a record of 
his preferences in the event of a situation like 
this one?”

Son: “You mean a living will?”
Physician: “Yes, exactly. ‘Advance directives’ is another 

term used to describe this.”
Mrs. L.: “No, we were going to do that, but I know he 

would never want to live this way. [After 
crying, looks to the physician] What do we 
do now?”

Physician: “We should talk about how we can make 
the shift from his current treatment to care 
that would be in line with his wishes, were 
he to know what we know about his current 
condition, and his future prospects for 
recovery.”

Table 10.2 Operation as metaphor for communication

Comparison of Buckman’s S-P-I-K-E-S [22] protocol for communication with an operative procedure
Setting: Where to communicate Operating room
Perception: What does patient know? Indications/symptoms
Invitation: What does patient want to know? Operative permit
Knowledge: Giving the patient the news Definitive intra-operative intervention (going on bypass, clamping aorta)
Empathic response: Identification of patients’ reaction and signaling  

to him the connection between the reaction and its source.
Assessment of physiologic impact following definitive intervention. 

(hypotension, hemorrhage)
Summary: Summary of discussion and next steps Closure of wound, post-operative check
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Daughter 
[others 
nodding in 
agreement]: “He would not want it to drag out, but we 

want him to be comfortable.”
Physician: “In responding to this request, we would want 

to be sure the decision is clear and to the extent 
possible, one which all of you can support as 
much as possible. You may need more infor-
mation or time to discuss what we have already 
talked about. Some families prefer active par-
ticipation of their clergy or whomever they 
trust regarding spiritual matters. By withdraw-
ing life support we mean: the ventilator, dialy-
sis, artificial feeding and hydration, and 
medications that might prolong his survival 
but have no immediate impact on his comfort. 
That usually includes antibiotics, blood thin-
ners, most cardiac drugs, and supplements 
such as vitamins. Although life support will be 
withdrawn, care will certainly continue by giv-
ing him medication as needed for comfort, and 
looking after his personal care and dignity.”

Son: “How do you stop dialysis and the ventilator 
and not have him suffer?”

Physician: “We have had much experience with this. 
Decisions to stop dialysis and ventilator sup-
port are quite common in current medical 
practice, though it’s never easy for any of us, 
even when we strongly agree it is the right 
decision. Medication is the mainstay we have 
for assuring ongoing comfort for the patient 
and his family. In your father’s instance, rapid, 
labored breathing and restlessness are the 
most likely symptoms to occur that we would 
want to prevent. We use medicine from the 
morphine family of medications to prevent 
rapid and labored breathing. It will also block 
his feeling of breathlessness even if the under-
lying cause is not treated. Separate medica-
tion is given for restlessness and agitation. 
Contrary to what you may have heard, stop-
ping dialysis does not cause agony, but a 
decreasing level of alertness and orientation 
progressing to a sleep-like state called ‘coma’ 
from which he cannot be aroused.”

Son: [Nodding his head in acknowledgement but 
pensive] “Are we ‘killing’ him if we do this? I 
don’t want him to suffer, and I know he 
wouldn’t want all of this, but I don’t want to 
‘play God’.”

Physician: “For most people, this is the most difficult deci-
sion they will ever have to make. The courts and 

the consensus of ethicists, religious and 
spiritual authorities support an informed and 
non-coerced individual’s right to decline medi-
cal treatments even if the treatment could be 
beneficial. They do not consider this murder or 
suicide. I should point out that the purpose of 
medications given for comfort is the relief of 
burdensome symptoms, not a deliberate attempt 
to hasten death. If you have someone to whom 
you turn for religious or spiritual guidance, you 
may wish to do so to discuss this before mak-
ing this type of decision.”

Mrs. L.: [Crying, softly] “I think we are ‘playing God’ 
by not letting nature take its course. I would 
like to call our pastor now.”

Physician: “I will talk to you again after you have spoken 
with your pastor before we make any changes 
in your husband’s care. Please take the time 
you need to contact others whom you would 
wish to be aware or present.”

Decisions to withhold or withdraw life support are common 
in hospital practice, [27] though infrequent for many pri-
mary care, non-hospital based physicians. Prior to dis-
cussing a shift in goals from cure and life prolongation to 
comfort until anticipated death, the prognosis, options of 
treatment, and goals of care should be discussed with the 
patient or his surrogate and/or family. The attending physi-
cian should lead this discussion or at the very least indicate 
his involvement and support during this process. The patient’s 
primary nurse, social worker, and chaplain should be invited 
to participate unless otherwise indicated by the patient. 
Broaching the subject of withholding or withdrawing medi-
cal treatments is less threatening if the goals of care are 
established first. Once this is done, the relevance of treat-
ments is more apparent. Attempts to persuade patients not to 
pursue an ill-advised intervention on the basis of “futility” 
arguments are much less helpful and likely to undermine 
trust in the surgeon. In framing discussions about withhold-
ing or withdrawal of life support, the process should never be 
referred to as “withdrawing care”, as this is not only inaccu-
rate, but also heightens the patient’s and family’s fears of 
abandonment. In situations when the decision maker seems 
uncertain about pursuing a treatment course but not ready to 
change, an agreed upon timed trial of the current course fol-
lowed by a meeting to jointly assess the impact is helpful.

Ventilator support is the usual primary focus of discussion 
about withdrawing life support, though the role of other life 
prolonging treatments (dialysis, artificial hydration and feed-
ing, blood pressure support, blood products, and antibiotics) 
should be explicitly addressed when considering a shift from 
life-prolongation to comfort measures until time of death. 
Automatic implantable cardioverter defibrillators (AICDs) 
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are increasingly present in the list of life prolonging devices 
to be addressed (see page 22). It is ethical and practical to 
dispense with all of these interventions once a decision to 
remove from mechanical ventilator support has been made, 
instead of the “a la carte” approach of discontinuing inter-
ventions in tandem. Interest in or previous decisions about 
organ donation should be noted though direct discussion 
with family,and should be referred to the appropriate organ 
procurement agency.

The RMV discussion should be documented along with 
the writing of the Do Not Attempt Resuscitation/Do Not 
Intubate (DNAR/DNI) order. Once a consensus decision has 
been reached to remove mechanical ventilation (RMV), the 
goal of care is to establish a peaceful and supportive environ-
ment for the patient and family with as much privacy as pos-
sible. Small gestures such as inviting the family to bring 
personal objects from their home (picture, blanket, or pet if 
permitted) are deeply appreciated, and have been commented 
upon years later. The family should be advised that prolonged 
survival can occur following RMV and that future disposi-
tion decisions could be required (i.e., nursing home place-
ment, home placement with hospice support). The main 
anticipated symptoms and their remedies are discussed and 
while doing so, the family is advised that the purpose of the 
medications is the relief of burdensome symptoms, not the 
deliberate hastening of death. A time for RMV is then agreed 
upon allowing the family to make their social, psychological, 
and spiritual preparations. Arrangements can be made at this 
time for the presence of a chaplain at the time of RMV if 
desired by the family. Family should be welcomed but not 
expected to be present at the time of extubation and after. 
The organ procurement agency should be notified of impend-
ing RMV at this time when applicable.

At the time of RMV, an experienced physician should be 
present to manage the occasional patient who has refractory 
symptoms or unexpected symptoms such as stridor, in addi-
tion to his supportive role to staff and family members. The 
family is informed of the sequence and anticipated symp-
tomatic consequences (if any) of withdrawal. The sequence 
of clinical maneuvers, medication doses, and other orders 
are reviewed with the primary nurse, following which a 
respiratory therapist is called for assistance with RMV. 
Paralytic agents should be stopped and confirmed reversed 
following which opioids and anxiolytics are given before 
extubation until patient appears relaxed, Richmond Agitation 
Sedation Scale (RASS) Level -3. At the time of extubation, 
an attempt to “un-medicalize” the venue as much as possi-
ble should be made by removing distractions such as the 
ventilator, serial compression devices, wrist restraints, mon-
itoring leads, etc.) Seating for family attendance should be 
available.

Following extubation, the family is immediately notified 
if not at bedside by one of the clinicians in attendance, and 

privacy for the family and patient is provided to the extent 
possible. Family should be notified in advance if transfer to a 
regular nursing floor is anticipated ,and the extubated patient 
should remain in the critical care setting until consistent 
symptom relief is assured.

Case Scenario 3: Advanced Carcinoma  
of the Lung

Teaching points – palliative assessment, disposition 
planning

Mr. W is a 79-year-old, married, retired engineer referred 
to the thoracic surgery service for evaluation and manage-
ment of a recurrent right sided malignant pleural effusion, 
secondary to a recently diagnosed advanced non-small cell 
carcinoma of the lung. The patient has declined chemother-
apy. His wife has end-stage chronic obstructive pulmonary 
disease requiring home oxygen therapy. They live in the resi-
dence they have owned for 35 years. Both their children live 
in their community. CT imaging reveals a large right pleural 
effusion and a right upper lobe mass measuring 6 cm. There 
is prominent mediastinal adenopathy. After initial introduc-
tions, the interview continues:

Surgeon: “Did your oncologist, Dr. Tarceva, explain to you 
why I would be seeing you?”

W (looking distracted ): “Yes. He said you were going to do 
something about the fluid in my lung.”

S  : “Yes, he wanted me to see you and give my opinion 
about what we might be able to do about the fluid 
around the lung. Before we talk about that specifically, 
are you having any discomfort now?”

W: “Yes. I have had this pain in my right side [indicating 
his right lateral chest].”

S  : “Can you describe the pain? Is it sharp, is it always 
there?”

W: “It’s sharp. It’s always there but there are times it is 
really bad. When I cough.”

S  : “Can you rate you pain on a scale of 0–10, 0 being no 
pain, 10 being the kind of pain you would have if you 
touched a hot stove?”

W: “I would say about 8.”
S  : “Has it ever been less than that during the past 24 

hours?’W: “Only a little. I would say about 5 or 6.”
S  : “Would you like some relief before we talk further?”
W (with some relief): “Yes, that would be nice.”

The surgeon notes that one 5/325 mg hydrocodone/acetom-
inophen tab has been ordered every 6 h, as needed, for pain. 
Mr. W last received a dose 2 h previously. No other analge-
sics are prescribed. His other medications include atenolol 
25 mg daily, lovastatin 40 mg daily, enoxaparin 30 mg SQ 
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daily, and a daily vitamin supplement. The surgeon orders 
oxycodone 10 mg to be given stat and every 4 h. In addi-
tion, he orders oxycodone 5 mg by mouth every 2 h, as 
needed, for breakthrough pain, and a daily stimulant laxa-
tive. About an hour and a half after the 10 mg of oxycodone 
is administered, he returns to Mr. W’s room with Mr. W’s 
nurse and finds him much more comfortable, rating his pain 
at 1 or 2.

Surgeon: “Do you feel better enough to talk a bit about 
your situation?”

Mr. W.: “Yes” [pulling himself up in bed and gesturing to a 
chair]
S  : “Before discussing the specifics about the fluid in your 

chest, would you tell me what you know about your 
illness?”

W: “Well, it isn’t good. Dr. Tarceva told me I have two 
months. We talked about chemotherapy, but he didn’t 
seem too excited about it and, to tell you the truth, I 
don’t want to go that route. He said I have fluid in my 
chest, and I should have it taken out. They took some 
out but it came back.”

S  : “Before your diagnosis was made did you notice any 
changes in how you felt?”

W: “I was feeling fine until about two months ago when I 
began to have no energy. I then noticed I was losing 
weight, and had no appetite. I started to feel more and 
more out of breath even when sitting in the Lazy Boy. 
This pain I have been having started about a month 
ago. That’s when I began to wonder if something was 
going on. When I became really short of breath last 
week, I decided to go to the emergency room. After 
they ran tests on the fluid from my lung they told me 
they detected cancer. Everything that had been happen-
ing finally made sense but now I am worried about my 
wife. She has emphysema and has been in the hospital 
twice during the last year. I have been the one taking 
care of her.”

S  : “I can see why you would worry about her when you are 
not feeling at all well yourself. How has your mood 
been?’

W: “OK, all things considered.”
S  : “Have you ever had problems with depression or felt 

depressed?”
W: “Not really – the usual I guess. I have had some down 

times like everyone else.”
S  : “Who helps you out when you need help with your 

wife or if you were disabled?”
W: “My children. They would do anything to help but I 

hate to bother them.”
S  : “Are your children and your wife aware of your 

diagnosis?”
W: “Oh, yes. We keep no secrets in our family”

S  : “Is it OK with you if I talk to them about your care in 
case they call or I run into them?

W: “Definitely. My wife and I have living wills so she 
needs to know what’s going on.”

S  : “Tell me more about your living will. Do you have a 
copy here?”

W: “I don’t have it here, but I don’t want to live on machines 
if that’s what you mean. If I am terminal what’s the use 
anyway? Does two months sound right to you, too?”

S  : “Would you like to talk more about what’s ahead? That 
way it will be much easier for you to decide about what 
treatments you would want or don’t want. If you would 
like we could discuss this with others you may want 
present.”

W: “Thanks. I think I would like to talk with you by myself 
first, and then talk with my family afterwards. You can 
tell me the truth without sugar-coating.”

S  : “I will tell you what we are sure about before venturing 
any guesses about what we are less sure about. We are 
sure you have not been feeling well for the past two 
months. We are sure that you have advanced and incur-
able lung cancer. We are sure about your treatment 
preferences so far. [Pauses for a few moments]. We 
have proven we can make your pain less, and I am 
pretty sure we can relieve you of your shortness of 
breath. We are also sure that your main concern is your 
wife [Pauses for a few moments]. To respond to your 
earlier question, the usual life expectancy for someone 
with your diagnosis, if untreated and running its natu-
ral course, is in the range of weeks to a couple of 
months. This is only an educated guess and not a sen-
tence or prophesy. [Mr. W looks down for what seems 
like an eternity, and then he looks up after a long 
silence]

The surgeon continues: “I can see this is quite a bit to take in. 
What helps you through hard times like this?”

W: “My family and my faith in God.”
S  : “Can you tell me more about your spiritual beliefs?”
W: “Certainly. I was raised Protestant, but we don’t belong 

to a church. I do believe there is a God and I know 
things will be alright in the end.” [After a long pause, 
smiling with some puzzlement] Now what do we do?”

S  : “Putting everything I have said together and recogniz-
ing your concern for your wife’s welfare, I would rec-
ommend focusing your medical care on securing your 
comfort and quality of life to the extent possible, while 
initiating the planning for your wife’s future care. It 
sounds to me like your children will be important allies 
in this endeavor and I will be happy to repeat this type 
of discussion with them with or without you as you 
prefer [pauses for a few moments]. I would like to get 
your pain under control using the medications we have 
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just started, I would like to propose a surgical 
procedure [Video- assisted laparoscopic surgery for 
pleurodesis] for the drainage of the fluid in your chest 
which would have very good prospects to prevent it’s 
re-accumulation, and finally, I would like to refer you 
to a hospice program to assist with your care when you 
return home. It probably wouldn’t be too early to 
address your wife’s future care such as assisted living, 
or some durable arrangement in which she would have 
some of the assistance you have provided in the past. 
Does this plan seem agreeable to you?”

W: “Yes. I would like you to meet my family to discuss 
everything you have just said.”

S [putting his hand on Mr. W’s upper arm] “We will be here 
to help you. I will stop by later to check in.”

The palliative assessment, as was performed in this 
vignette, was not only an interaction that defined goals of 
care and established a critical baseline for future assess-
ments, but was an important step in establishing trust for this 
patient, a necessary prerequisite in maintaining hope in the 
face of life-limiting disease. The palliative assessment could 
be looked at as a “staging procedure,” [28] to determine the 
degree of distress as well as assets for responding to illness 
and fostering future hope.

The assessment should touch upon the four basic domains 
of human experience: physical, psychological, social (and 
economic), and spiritual. The assessment also allows the sur-
geon to tackle problems encountered in each domain. The 
surgeon is not expected to definitively manage any of these 
problems, but he should at least identify the salient symptoms 
and issues for future interdisciplinary management. Goal set-
ting is much easier once the problems and aspirations relevant 
to the patient are identified. This is by no means an exhaustive 
assessment, though frequently assessment may occur over a 
series of contacts. The amount of time required to do this is 
more than offset by the long-term advantages of better symp-
tom control and the engagement of ancillary services.

Before an accurate assessment can be performed, highly 
distracting symptoms should be acknowledged and treated, 
as was the case here. The chronic nature of this patient’s pain 
was the reason it was not immediately obvious because the 
autonomic response to pain with its tell tale signs of sweat-
ing, wincing, tachycardia had long been attenuated. This is a 
common trap leading to the under-recognition of chronic 
persistent pain (“He doesn’t look like he’s in pain”) may 
have fooled observers about its severity. The patient was 
receiving a compound drug containing hydrocodone and 
acetaminophen which has very limited use for chronic per-
sistent pain because of hydrocodone’s analgesic ceiling and 
the increasing toxicity of acetaminophen when usage exceeds 
3,000 mg/24 h. For the degree of patient reported pain, an 
equianalgesic doubling of his previous pain medication dose 
was appropriate. In addition, no bowel prophylaxis was 

ordered to prevent opioid-induced constipation. Achieving 
immediate pain control was a valuable first step in develop-
ing trust necessary to prepare the patient for inevitable future 
challenges.

During this interview, the surgeon responds empathically 
on several occasions. He also takes the precaution of asking 
the patient about his preferences in receiving information 
and assessing his comprehension. When probing the patient’s 
spiritual domain, he avoids the trap of assuming that spiritual 
needs are met by an individual’s profession of a religion or 
belief (non-belief) system.

He refers the patient appropriately to hospice services, 
because the patient has identified his preference for comfort-
directed care, and he is aware of his likely prognosis, which 
is less than the hospice referral criterion of six months or less 
of anticipated survival (Table 10.3). It would not have been 
appropriate to recommend hospice referral without the 
patient’s previous understanding of his likely prognosis and 
willingness to forego disease-directed treatments.

In the moral tradition of the “post-operative check”, the 
encounter closes as the surgeon reassures the patient of non-
abandonment, the cardinal principle of surgical palliative care.

Table 10.3 Medicare Hospice Benefit: eligibility, team, and services [29]

Eligibility for Medicare Hospice Benefit
• Patient is eligible for Medicare Part A
•  Two physicians must certify that patient has a condition whose 

prognosis is associated with a survival of 6 months or less if the 
illness pursues its natural course. One of the physicians must be the 
hospice program’s medical director

•  Patient (surrogate if patient not competent) must sign form electing 
hospice benefit

•  Hospice care must be provided by a Medicare-certified hospice 
program

Core team members
• Physician
• Registered nurse
• Social worker
• Pastoral (spiritual) or other counselor
• Minimum percentage of non-professional volunteer hours required

Services
• Pain and non-pain symptom management
•  Assistance of patient and family with the emotional, social and 

spiritual aspects of dying
•  Provides medications for control of symptoms, medical supplies, 

and durable medical equipment
• Education of family on care of the patient
•  Specialized therapy services (speech, massage, dietary counseling, 

and physical therapy)
• Home health aide and homemaker services
•  Short-term inpatient care (respite care) when pain or symptoms 

unmanageable at home, or when caregiver needs respite
•  Bereavement care for surviving family and friends for 1 year from 

the date of the death
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Case Scenario 4: Cardiomyopathy  
and Delirium

Teaching point – recognition and management of syndrome 
of imminent demise

Margaret is an 82-year-old woman with advanced cardio-
myopathy with an estimated ejection fraction of 10–15%, 
congestive heart failure, status post implantation of an auto-
matic cardioverter defibrillator, previous cerebrovascular 
accident, and chronic kidney disease, stage 5 ( CKD-5) on 
chronic hemodialysis. She had been admitted to an acute 
care facility for confusion and hypotension. Sepsis was sub-
sequently ruled out after an empiric course of antibiotics. 
A cardiothoracic surgeon has been consulted to replace a 
non-functioning dialysis catheter. Upon evaluation of the 
patient in the dialysis unit, the consulting surgeon notes she 
is lethargic and confused. She denies pain but admits to 
shortness of breath. Her partner, Bill, is at her bedside and 
asks if the medicine she been receiving “is making her 
sleepy”. The surgeon verifies that Bill is also Margaret’s sur-
rogate for medical decision-making. Bill notes that she has 
been sleeping much of the time during the past few weeks, 
and eating or drinking very little. He stated a nurse had told 
him that the pain medicine she was receiving and her kidney 
failure could be causing these changes. On physical exami-
nation, she is an elderly, chronically ill appearing woman 
with pallor, blood pressure of 85/50, breathing 30 shallow 
respirations/min. assisted by a nasal cannula administering 
4 L/min oxygen. On chest auscultation she has bilateral basi-
lar rales and an S3 gallop. Mottling is noted in her lower 
extremities below the knees. The surgeon asks her if she is 
comfortable to which she responds that she is extremely 
tired, nods affirmatively to the surgeon’s request to speak to 
her partner to discuss and direct her care, then immediately 
lapses into sleep.

Bill, sensing the surgeon’s 
concern : “Is there something going on?”

Surgeon: “Yes, Bill. I would like to talk to you about it.”
The surgeon takes Bill to a private room near by and in the 
presence of Ms. T’s nurse, he determines that Bill wants to 
be given an honest appraisal of what is happening “with no 
sugar-coating”. Bill is well informed about the “end-stage” 
nature of the Ms. T’s medical problems, though he is under 
the impression she would be going home after a few dialysis 
treatments.

Surgeon: “Bill, I believe her illness is progressing. It’s 
true, as you mentioned, there are things that can 
explain why she is so tired and confused that we 
can reverse, but it is quite likely what you and 
others have observed are related to her heart con-
dition and can’t be reversed.”

Bill, after a long pause: “Do you think she is 
dying?”

Surgeon : “I believe she is.”
Surgeon, following a long pause during which 
Bill becomes tearful while Ms. T’s nurse hands 
him a tissue: “I wish I could blame these changes 
on her medicine or her kidney failure, but the 
whole picture looks and feels like something 
bigger is happening.”
Bill, regaining some composure: “How long do 
you think she has?”

Surgeon : “With the changes I see, I believe it could be as 
soon as a few hours to several days.”

Bill        : “That soon! She has friends I need to contact.”
Bill        : “Funny. Last night she said she didn’t think she 

was going to get out of the hospital. She has 
never said anything like that before, even when 
she had emergency heart surgery. Last week she 
said she saw her mother. Her mother died 30 
years ago. She’s been through so much.”

Surgeon : “No matter what the time remaining for her is, 
we will be caring for her. What would she want 
us to do and not do if she could understand what 
is happening now? I am not sure how completely 
she can understand in order to make medical 
decisions, which is why we need and value your 
guidance. She has already deferred that to you.”

Bill        : “She doesn’t want to be on any machines. I just 
want her to be comfortable.”

S            : “We will do everything we can to keep her com-
fortable. I don’t believe machines, including fur-
ther dialysis treatments, would extend her 
survival at this point, and they are not necessary 
to keep her comfortable.”

Bill        : “I know she would agree.”
Nurse    : “Should we talk about what we should do about 

her defibrillator?”
Surgeon : “Thank you for reminding me about that.”
Bill 
[uneasy]: “Do you mean turning her heart off?”
Surgeon : “Not at all. Her AICD has two components, one 

that paces the heart. That part will stay on but 
won’t prolong her dying. There will come a point 
when the heart will ignore the pacer’s reminder 
to keep beating. The other part, the defibrillator, 
gives a painful, strong shock when the heart 
develops certain rhythms that, if unchecked, 
would lead to immediate death. This part can be 
programmed off. It doesn’t require a procedure. 
It’s done with the same equipment you may have 
seen when the device was interrogated.”

Bill        : “I certainly don’t want her to be getting shocked 
and neither would she.”
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Surgeon : “Even more important than what we won’t do is 
what we will do for her. I propose we get her back 
to her room, make sure you and those she wishes 
have access to her with as much privacy as pos-
sible, while we provide her with medicine she 
will likely require for her comfort. [pause] We 
will be giving medications similar to morphine 
when needed, if she says or appears to have pain 
or breathlessness. You may soon hear a breathing 
noise that has been described as a “death rattle”. 
It’s not drowning. It’s actually a small amount of 
fluid way up here [pointing to his own larynx] 
around the vocal cords that makes most of the 
noise. The fluid is normal secretion that accumu-
lates because of her profound weakness. 
Suctioning does not help this and is extremely 
uncomfortable. We also will administer a medi-
cation to dry the secretions so her breathing won’t 
sound so noisy. This is more for our peace of 
mind than hers, as the rattle is not distressing her 
as far as we can tell [long pause]. Does Margaret 
have any religious or spiritual beliefs we should 
be mindful and supportive of at this time?”

Bill        : “I am going to call her pastor. Thank you for 
asking.”

Nurse    : “We support your decisions, Bill. Do you have 
any other questions?”

Bill        : “Not now. I am sure I will have more as soon as 
soon as you leave.”

Surgeon : “Before I write orders that reflect your under-
standing and agreement, let’s go see her to let 
her know we have talked and see whatever else 
she may want to know or do.”

The biophysical, social, and spiritual implications for man-
agement of the syndrome of imminent demise or “active 
dying” are so significant that all clinicians are advised to 
include this as a differential consideration in any patient with 
advanced illness presenting with the following constellation 
of symptoms: bed bound state, increasing somnolence and/or 
delirium, diminishing oral intake, dysphagia, and decreasing 
urine output. In this vignette the reversible causes for the 
clinical changes were acknowledged, as they should be, in 
discussions with patients and families. The development of 
the “death rattle” heralds a more advanced stage of active 
dying with demise usually occurring within hours to a few 
days. Coma, signs of brainstem dysfunction (irregular breath-
ing patterns, tachycardia, hypotension, vasomotor changes) 
are very late signs with death usually ensuing within hours. 
Fever, when present, is usually due to aspiration pneumonia. 
This should not be treated with antibiotics in this context. 
The syndrome can span as little as a few hours up to 2 weeks. 
The trajectory of the syndrome is more protracted in 

 nutritionally replete and non-septic patients, such as a patient 
in coma from a stroke for whom the decision has been made 
to forego artificial nutrition and hydration.

The main symptoms and signs to be anticipated during 
active dying include labored breathing, oral secretions, pain, 
and delirium (Table 10.4). It is uncommon for these not to 
yield to pharmacotherapy, though it is helpful to mention the 
likelihood of their occurrence and their management in 
advance. A small percentage of patients will exhibit marked 
agitated delirium. Intracranial pathology, history of major 
psychiatric disorder, renal and hepatic failure are risk factors 
for this highly distressing picture. In extreme cases, permis-
sion should be sought for deliberate heavy sedation, but with a 
clear understanding that the purpose of the sedation is the relief 
of symptoms and not a deliberate attempt to hasten death.

Common concerns of family include ongoing unrecog-
nized pain for their loved one, what to expect (many believe 
that gasping for air is common at death, particularly from 

Table 10.4 Management of common symptoms and signs during 
active dying

Symptom/sign Management

Dyspnea Morphine 10–15 mg PO/PR or 2–5 mg IV/SC every 
5–10 min until relief in the opioid naïve patient. 
Higher doses necessary for patients on chronic 
opioid therapy. Hydromorphone is a suitable and 
alternative opioid

Anxiolytics (lorazepam) can reduce the anxiety 
component of dyspnea

Stop exogenous fluid administration
Trial of oxygen up to 4–6 L/min via nasal cannula. 

Masks can worsen agitation. Explain to family 
that benefits of oxygen almost always limited and 
patient will need medication for relief

Fan
Pain Morphine 10–15 mg PO/PR or 2–5 mg IV/SC every 

5–10 min until relief in the opioid naïve patient. 
Higher doses necessary for patients on chronic 
opioid therapy

Explain to family that behavioral cues are used to 
monitor pain and that pain can occur in an 
unresponsive patient

Oral 
secretions

Explanation to family that patient is not “drowning”
Glycopyrrolate 0.4 mg SQ Q6HR
Atropine (scopolamine drops or patch) is commonly 

used in hospice care It can precipitate or worsen 
delirium

Stop exogenous fluid administration
Re-positioning (lateral decubitus)
Avoid deep suctioning

Delirium Decrease sensory stimulation (low level light)
Re-orient patient
Haloperidol: Start at 0.5–1 mg PO or IV. Titrate up by 

2–5 mg per hour per until requirement deter-
mined, then give as 2 or 3 divided doses per day

Anxiolytics (e.g., lorazepam) can worsen agitated 
delirium in the elderly
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pneumonia), should they remain at the bedside, what will 
occur after death (who will pick up the body, who should be 
called), and if the dying person can hear. It is unusual when 
a family cannot be reassured about these concerns by an 
experienced critical care or hospice nurse. Ideally, the time 
of active dying should not be a medicalized event, but a time 
during which medical support allows the full experience and 
expression of the social, psychological, and spiritual domains 
of the patient and family during this unique time.

Conclusion

Because of the successful reach of cardiothoracic surgery 
into the elderly population, a concurrent strategy and set of 
tactics for the relief of distress and promotion of quality of 
life are necessary, not only because of the afflictions of ill-
ness but also the natural consequences of aging. Cardiothoracic 
surgeons, with the help of interdisciplinary teams, can 
assume a leadership role in meeting these growing expecta-
tions, while enjoying the profound and privileged sense of 
personal satisfaction that follows the effective response to 
their most basic humanitarian impulses.
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Abstract As the baby boom generation age and advances 
in medicine continue, those over the age of 65 years will 
increase. As a result, trauma, which was once thought to 
exclusively affect younger people, will now see an increase 
in elderly patients. Preexisting medical conditions as well as 
the older persons inability to compensate after injury lead 
to higher mortality rates in this patient population. Injuries 
including rib fractures, flail chest, blunt aortic injuries, 
sternal fractures, and cardiac contusion require specific age-
related considerations and will be the focus of this chapter.

Keywords Elderly • Trauma • Cardiac • Thoracic • Rib 
fractures • Blunt aortic injury • Flail chest

Introduction

Background

Trauma is the most common cause of death for those under 
the age of 44. Thus, some consider trauma to be exclusively 
a disease of the young [1]. However, as the population in the 
United States (US) ages over the next several decades, the 
importance of injury in older patients will become more 
apparent. The elderly, defined as persons aged 65 or greater 
[2–5] constitute one of the fastest growing segments of the 
US population. By the year 2030, the number of persons over 
the age 65 will double relative to the year 2000, representing 
almost 20% of the nation’s total population [6] (Fig. 11.1). 
This increase is the result of improvement in life expectancy 
and the aging baby boom generation. The Administration on 
Aging’s Fiscal Year 2009 budget requested 1.381 billion dol-
lars to assist in the long-term needs of these aging baby 
boomers [7].

Thoracic Trauma

Thoracic trauma accounts for 20–25% of all injury related 
deaths [8, 9] Most of these are a result of motor vehicle col-
lisions (MVCs) and falls [10]. Thoracic trauma represents 
the second most important factor contributing to death in the 
elderly trauma victim, behind head injury [11]. The elderly 
have a significantly higher mortality after blunt chest trauma 
(BCT) when compared with younger patients with similar 
injuries [12]. Thus, what may be inconsequential to a younger 
person can result in significant morbidity and mortality in the 
elderly. Geriatric patients have an overall higher morbidity 
than younger patients [12]. Specific complications after 
 thoracic injury may include pain upon inspiration leading 
to atelectasis, mucus plugging, impaired ventilation, and 
pneumonia.

The elderly are at risk to the same thoracic injuries as are 
younger people. Some injuries, including pneumothorax and 
hemothorax, require essentially identical treatment, and do 
not require specific age-association considerations. Others 
including rib fractures, flail chest, blunt aortic injuries, ster-
nal fractures, and cardiac contusion require specific consid-
erations and will be the focus of this chapter.

Physiologic Changes

Understanding the physiologic changes of aging helps 
explain the increased morbidity and mortality associated 
with chest trauma in the geriatric population. Elderly patients 
have a decreased respiratory reserve and thus can decompen-
sate quickly [13]. Decreases in respiratory function in the 
elderly result from changes in both the chest wall and the 
lungs [14, 15]. After the age of 30, a 4% per decade decrease in 
alveolar surface area has a negative effect on gas exchange as 
well as forced expiratory flow [16]. Alveolar ducts enlarge 
and the alveoli become flatter and shallower, reducing the 
area for gas exchange leading to an increase in ventilation 
perfusion mismatch at baseline.
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Decreases in chest wall compliance from anatomical 
changes such as kyphosis and a decline in respiratory muscle 
strength from muscle fiber atrophy lead to as much as 50% loss 
in maximal inspiratory and expiratory force [13]. Accessory 
muscles help to compensate for the decline in respiratory 
 muscle atrophy. Lung elastance also progressively declines 
causing a collapse of small airways and uneven alveolar venti-
lation. This results in increased closing volume of the lung.

Additionally, responses to hypoxia and hypercapnia are 
decreased by 50 and 40%, respectively [13]. Mucociliary 
function worsens with aging and with fewer cilia per square 
centimeter, secretion clearance is also impaired. This, in 
addition to poor dentition, increased oropharyngeal coloni-
zation, swallowing dysfunction, and a decreased lower 
esophageal sphincter tone predispose the elderly to aspira-
tion pneumonia and pulmonary infection [13]. Gram-negative 
organisms predominate in the oral flora increasing the risk of 
pulmonary infection from aspiration [16].

Osteopenia of the thoracic cage may increase the rate of 
pulmonary contusions, rib fractures, and pneumo- and hemo-
pneumothoraces as the bony thorax cannot absorb transmitted 
kinetic energy. Accordingly, flail chest in the elderly correlates 
with prolonged mechanical ventilation [17]. In those with a 
flail chest, age has been shown to be the strongest predictor of 
poor outcome and is directly proportional to mortality [18]. 
Elderly patients who sustain rib fractures have twice the mor-
tality rate of younger patients with similar injuries [19]. As the 
number of rib fractures increases, so does the incidence of 
pneumonia and death [19, 20]. Pain control is critical to allow 
deep breathing, facilitate clearance of secretions, and prevent 
as many of pulmonary complications as possible.

Rib Fractures

Young patients with rib fractures and no associated injury 
have low morbidity and mortality, and are treated with anal-
gesia and ambulation as an outpatient [21, 22]. In the elderly, 

however, rib fractures are a significant cause of morbidity 
and mortality after trauma (Figs. 11.2 and 11.3). The true 
incidence of rib fractures after blunt trauma remains 
unknown. Ziegler and Agarwal reported a 10% overall inci-
dence of rib fractures after trauma [21]; however, this may be 
an underestimation as many as 50% of rib fractures may 
be missed on plain X-ray [23]. Other studies have reported 
the rates of rib fractures after blunt trauma to range from 7 to 
21% [9, 24, 25]. Rib fractures have been shown to occur in 
over two-thirds of all patients who sustain BCT [9]. The 
elderly have an increased incidence of rib fractures after 
BCT with higher rates of mortality [12, 20, 24–26] (Fig. 11.4). 
This increase can be attributed to the elderly having decreased 
muscle mass and bone density as a result of aging.

The two predominant mechanisms of injury (MOI) caus-
ing rib fractures in the elderly are MVCs followed by falls. 
MVCs have been reported to be the MOI in as many as 75% 
of injuries causing rib fractures in the elderly [27]. However, 
most reports suggest that MVCs are the MOI about 50% of 
the time [19–21, 24, 26]. Falls are typically the second most 

Fig. 11.2 Chest X-ray with rib fractures after trauma

Fig. 11.1 Population growth 
over time (CDC)
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common MOI for rib fractures in the elderly with incidence 
ranging from 14 to 36% [19–21, 24, 26, 28]. However, one 
study from Barnea and colleagues demonstrated that falls 
were the number one cause of rib fractures in the elderly 
occurring in 53% of cases [28].

A number of studies have focused on the outcome in rib 
fractures in the elderly [12, 19, 20, 24–26, 29, 30]. Shorr and 
colleagues did a subset analysis of elderly patients with BCT 
[12]. Eighty-seven percent of the elderly had rib fractures vs. 
73% of the nonelderly. In addition, those over the age of  
65 years had a statistically significant increased rate of mortal-
ity after BCT. Cameron et al. demonstrated those over  
80 years of age had a higher rate of rib fractures when compared 
with those younger than 80 years of age, also with an 
increased death rate [24]. In addition, those over the age of 
80 with rib fractures had a higher death rate than the same 
aged cohort without rib fractures.

In 2000, Bulger et al. retrospectively evaluated patients 
over the age of 65 years with rib fractures compared with 

those younger than 65 [19]. Despite a similar injury severity 
score (ISS) and chest abbreviated injury score (AIS), the 
elderly had faired significantly worse in all outcome mea-
sures (Table 11.1). These data are consistent with other stud-
ies suggesting that ISS may not be a reliable indicator of 
outcome in the elderly [29, 30]. Additionally, the authors 
demonstrated a statistically significant increase in mortality 
rates with each additional rib fracture [19].

Fig. 11.4 Proportion of deaths by number of rib fractures for each age group (reprinted from Bergeron et al., [20] with permission from Lippincott 
Williams & Wilkins)

Table 11.1 Outcome measures

Parameter

Age (y)

p value³65 18–64

Mean ventilator days 4.3 ± 9.2 3.1 ± 9.2 =0.16
Mean ICU days 6.1 ± 10.0 4.0 ± 9.4 <0.05
Mean hospital days 15.2 ± 16.5 11.0 ± 13.1 <0.01
Mortality (%) 22 10 <0.001

ICU intensive care unit
Source: reprinted with permission from Bulger et al. [19]

Fig. 11.3 Computed 
tomography of rib fractures 
after trauma
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Sharma and colleagues demonstrated that those over the 
age of 65 years had an increased rate of rib fractures as well 
as mortality rate after BCT [25]. The mortality increased as 
the numbers of rib fractures increased (Fig. 11.5). The 
authors showed this twofold increase in mortality in the 
elderly with rib fractures, despite a lower ISS. Similarly, a 
2003 study by Bergeron et al. and a 2004 study by Stawicki 
et al. reported a lower ISS in the elderly, despite higher rates 
of both morbidity and mortality [20, 26]. These studies sug-
gest that the elderly patients, even when less severely injured, 
have minimal abilities to compensate for their injuries.

To demonstrate the impact of rib fractures in the elderly, 
Barnea and colleagues studied a group of elderly patients 
with isolated rib fractures [28]. The mean age was 79.9 years 
and the average number of rib fractures was 2.6. The authors 
demonstrated an overall morbidity of 38% and mortality of 
8%. Increased number of rib fractures, underlying conges-
tive heart failure and diabetes were statistically associated 
with increased morbidity in the study.

Flail Chest

Flail chest, defined as fractures of three or more consecutive 
ribs in two or more places, occurs in 5–13% in patients with 
chest wall trauma [8]. It seems logical that the elderly would 
be vulnerable to flail chest following trauma because of their 

decrease muscle mass, decreased bone density, and decreased 
chest wall compliance. Albaugh and colleagues demon-
strated in elderly patients with a flail chest that there was a 
statistically significant increase in the rate of mortality with 
increase age (58 vs. 16%, p = 0.002) [18]. Additionally, the 
authors showed that for every 10-year increase in age, the 
likelihood of death increases 132%. For those over the age of 
80 years, there was 86% mortality rate for those with a flail 
chest. Freedland et al. showed that elderly patients with a 
flail chest had a mortality rate of more than 4 times that of 
younger persons [31].

Pain Management

Pain control is crucial in the management of rib fractures. 
It allows for early ambulation, deep breathing, incentive 
spirometry, clearance of secretions, and prevention of 
atelectasis. All of these are paramount to prevent complica-
tions including pneumonia and respiratory failure. Younger 
patient’s pain is often well controlled with oral narcotics or 
nonnarcotic medications. However, pain management in the 
elderly can be a difficult and challenging issue. Many elderly 
are very sensitive to narcotics and can become somnolent 
quite easily with only a small dose. Resultant decreased 
mental status and respiratory drive can occur, sometimes 
requiring intubation and mechanical ventilation.

Fig. 11.5 Mortality by number of rib fractures in all-age groups (reprinted with permission from Sharma et al. [25])
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Various methods have been used to control pain in elderly 
patients with rib fractures. Intravenous narcotics and non-
narcotics, pleural effusion catheters, rib blocks, and epidural 
analgesia have been used. Each method has advantages and 
disadvantages. Intravenous narcotics can be too sedating, 
while nonnarcotics, such as ketorolec, can be very effective. 
However, in elderly patients with compromised renal func-
tion, nonsteroidals may cause renal failure. Catheter-based 
analgesia can be very useful for pain control in these patients 
without causing over sedation; however, preexisting comor-
bidities such as degenerative spine disease or those requiring 
the use of aspirin, clopidogrel or warfarin, may preclude its 
usage. Additionally, injuries such as thoracic vertebral frac-
tures, severe head injury, and upper rib fractures do not allow 
placement of an epidural catheter. As such, there has been 
some debate as to the ideal choice of analgesia in the elderly 
patient with rib fractures [19].

The Eastern Association for the Surgery of Trauma rec-
ommends that epidural anesthesia can be provided for per-
sons over the age of 65 years with four or more rib fractures 
[32]. The use of epidural catheter analgesia in the elderly has 
been shown to be an independent predictor of decreased 
mortality and pulmonary complications after chest trauma 
[19, 33]. The improved outcome in the elderly was felt to 
offset the increase cost of epidural usage. Additionally, using 
epidural analgesia has been shown to be cost effective  
overall. There are savings in both nursing and pharmacy  
time because of decreased repeated drug administration. 
Additionally, many institutions do not require intensive 
care admission for epidural analgesia administrations [33]. 
A study by Ullman and colleagues demonstrated that the use 
of epidural analgesia allowed for a statistically decreased 
length of ICU stay, ventilator days, and total hospital days 
[34]. Fewer ICU days and total hospital days translates into 
lower overall costs.

Complications with epidural catheters do occur. Bulger 
and colleagues demonstrated a 19% complication rate with 
catheter placement [19]. Most were local infection, transient 
hypotension, and catheter migration. The authors did not 
report any epidural hematomas or epidural abscesses as a 
result of catheter placement. Others have found similar 
results [35, 36]. Interestingly, the elderly patients who 
received epidurals had higher rates of pneumonia, ARDS, 
and ventilator days, but still had a statistically significant 
lower mortality than those not receiving an epidural [19].

Complications

Pulmonary complications after rib fractures are significantly 
higher in the elderly than younger people [19] (Fig. 11.6).
The incidence of pneumonia in the elderly after rib fractures 
has varied. Some studies have it being as low as 13–15%, 

while others have it as high as 27–31% [19, 20, 28, 33]. 
Bulger and colleagues demonstrated that for each additional 
rib fracture in the elderly, the risk of pneumonia increased by 
27% [19]. Additionally, elderly patients with rib fractures 
have significantly longer ICU and total hospital stays [19].

Blunt Aortic Injury

Early diagnosis of blunt aortic injury (BAI) after trauma 
requires a high index of suspicion. It has been estimated that 
lesser than 15% of patients with such an injury survive to 
emergency department evaluation or die within 30 min of 
arrival [37]. For those who survive more than 30 min after 
hospital arrival, 33% die within 6 h and almost 40% die 
within 24 h without treatment [37]. Often a result of high 
speed deceleration, BAI commonly occurs after MVCs and 
falls of significant height. Injuries due to deceleration are 
believed to occur at points of strain: in the aorta, the isthmus, 
the point just distal to the left subclavian artery where the 
ductus arteriosus and thoracic aorta attach [38].

The evaluation modalities for BAI have changed over the 
past decades. Traditionally, a plain chest roentgenogram 
(CXR) was used as a screening tool for BAI. Common prac-
tice assumed that a widened mediastinum (Fig. 11.7) was 
suggestive of an aortic injury, while a normal mediastinum 
ruled out injury. However, many elderly trauma patients have 
ectatic and tortuous aortas obscuring the normal contour, 
thus making it difficult to rule out an injury.

Retrograde aortography was then used for definitive 
 diagnosis. It was the most effective modality delineating the 
extent of injury [37] with a 96% sensitivity and 98% speci-
ficity [39, 40]. However, aortography is an invasive proce-
dure and has complication rates of up to 1% depending 
on the experience level of the operator [41]. In addition, 

Fig. 11.6 Relationship between pneumonia and number of rib frac-
tures (reprinted with permission from Bulger et al. [19])
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the  intravenous contrast can cause contrast-induced neph-
ropathy (CIN) in patients with underlying renal disease or 
decreased renal function. This is often a concern in the 
elderly trauma patient as many have a decreased glomerular 
filtration rate.

Recently, the notion that a normal CXR ruling out an aortic 
injury has come into question [42–45]. A 1990 review by 
Woodring concluded that 7% of BAI will have a normal CXR 
[42] (Figs. 11.8 and 11.9). The author suggested that the lack 
of mediastinal hemorrhage or hematoma obscuring the aortic 
contour explained the normal CXR finding. In a 1997 multi-
center trial, Fabian and colleagues also demonstrated that 7% 
of patients with a BAI had a negative CXR [43]. In the same 
study, the most common abnormality seen on CXR was a 
widened mediastinum. More recently, in 2001, Exadaktylos 
and colleagues demonstrated that 8% of patients with a normal 
CXR were found to have a BAI [44]. Finally, a 2007 study by 
Plurad et al. reported a 13.9% incidence of negative CXR in 
the setting of known BAI [45]. As a result, for the elderly who 
do in fact have a normal CXR without evidence of an ectatic 
or tortuous aorta, BAI cannot be safely ruled out.

Currently, computed tomography (CT) is the modality of 
choice for the diagnosis of BAI (Fig. 11.10). Although early 
generation CT scanners suffered from poor resolution and 
low diagnostic accuracy, technological improvement over 
the past 20 years has now enabled CT to be an effective and 
rapid mode of diagnosis. Currently, multidetector CT with 
2D and 3D reconstructions had yielded sensitivities and 
specificities of 96.2 and 99.8%, respectively [46]. Although 
CT represents a less invasive diagnostic modality than aor-
tography with similar results, it still places patients, specifi-
cally the elderly, at risk of CIN.

Over the last 10 years, there has been a significant change 
in the management of BAI. The traditional approach was 

immediate surgical repair in the stable BAI or delayed repair 
for patients with major associated injuries or those with 
severe comorbidities [47]. However, overall mortalities rates 
range from 8 to 17%, depending on the surgical technique 
being used [48]. Additionally, high rates of morbidity includ-
ing paraplegia, myocardial infarction, stroke result from 
operative repair [48, 49]. A 1994 study by Camp et al. com-
paring OR in the young and elderly demonstrated a 163-fold 
increase likelihood of mortality in the elderly [50]. When 
excluding all but the “stable” patients, the authors found at 
least a 40-fold increase in odds of mortality in the elderly. 
The authors also demonstrated that the elderly had a signifi-
cantly lower survival rate than that predicted by admission 
physiologic state and degree of injury. In a multicenter pro-
spective trial comparing “clamp and sew” and various bypass 
techniques, Fabian colleagues demonstrated that only age 
was noted to significantly correlate with death [43].

The possibility of nonoperative management for BAI has 
been suggested by some authors [51–53]. Some BAI are 
believed to remain stable over time and never rupture [53]. 
Additionally, Oreskovich et al. suggested that the injured 
elderly may not be candidate for aggressive treatment includ-
ing OR, because of their underlying comorbid conditions 
[30]. Conservative management, with blood pressure and 
heart rate control, may be a reasonable alternative to surgical 
repair in this high risk patient population [30, 53]. Camp and 
colleagues showed a protective effect with conservative, 
nonsurgical management in the elderly [50].

Recently, there has been an increased utilization of endo-
vascular stent graft (SG) placement for the treatment of BAI 
(Fig. 11.11). It is a less invasive treatment option that requires 
only local sedation, causes minimal blood loss, and does not 
requires an open chest procedure. However, the long-term 
effects and complications of SG remain unknown. SG was 

Fig. 11.7 Widened mediastinum on chest X-ray suggestive of a blunt 
aortic injury

Fig. 11.8 Normal chest X-ray with blunt aortic injury
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initially recommended for the patients with multiple injuries 
or those with comorbid diseases, i.e., the elderly [54].

In 2008, Demetriades and colleagues compared results 
of SG vs. traditional OR [55]. The authors demonstrated 
that the elderly specifically those over the age of 70 were 
more likely to have had a SG placed rather than OR. 
Although there was a statistically significant decrease in 
mortality in the SG group, age was not a factor in multivari-
ate analysis. That same year, Patel et al. compared open 

repair vs.  endovascular repair in patients older than 75 years 
of age [56]. The authors demonstrated a reduced early mor-
tality in the SG group as well as a shorter hospital stay. Of 
note, those in the SG were older and sicker when compared 
with the OR group. However, long-term results did not show 
a mortality benefit. Unfortunately, the etiologies of the late 
deaths are unknown; however, one would have to assume 
with a mean age of 79 years, underlying comorbid condi-
tions would play a significant role.

Fig. 11.10 Computed tomography demonstrating blunt aortic injury Fig. 11.11 Computed tomography demonstrating stent graft place-
ment for blunt aortic injury

Fig. 11.9 Computed 
tomography of blunt aortic 
injury in a patient with a 
normal Chest X-ray
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Sternal Fractures

The quoted incidence of sternal fractures after trauma varies 
in the literature and is dependent on the sample population. 
Recinos et al. demonstrated a 0.33% of sternal fractures in 
all trauma admissions over a 10-year period [57]. Others 
have a quoted incidence of 1.36% in blunt trauma, 2.7% in 
BCT patients, and 5.4% of those with an injury to the tho-
racic cavity after blunt trauma [9, 58, 59]. In the elderly, the 
incidence of sternal fractures has been reported to be 5.3% 
after blunt trauma [60]. Similar to that of rib fractures and 
flail chest, effective pain control is key to management in the 
geriatric population.

Cardiac Contusion

Blunt cardiac trauma most frequently occurs after a MVC 
and results from a direct blow to the chest from the steering 
wheel or from rapid deceleration [61]. Its diagnosis remains 
challenging due to nonspecific symptoms as well as no ideal 
test for diagnosis. Cardiac contusions can result in muscle 
ischemia, pump failure as well as hemodynamic instability, 
specifically in the setting on concomitant valvular disrup-
tion. Blunt cardiac injury (BCI) must be considered any time 
a trauma patient has unexplained cardiac dysfunction includ-
ing heart failure, electrocardiogram (EKG) abnormalities, or 
complex dysrhythmias [62]. Additionally, hypotension with-
out a clear source in the elderly should prompt evaluation for 
a cardiac contusion or cardiac dysfunction. The incidence of 
cardiac contusions after BCT has been reported to be about 
4%, regardless of age [9, 59].

The elderly pose additional difficulty in the diagnosis of 
BCI as many of them have preexisting cardiac dysfunction 
and underlying arrhythmias. Coronary atherosclerotic dis-
ease limiting coronary blood flow, decrease in cardiac output 
(CO) due to decreased cardiac contraction filling rate and 
stroke volume cause the elderly lose their ability to respond 
to a stressful situation such as acute trauma [62]. The CO of 
an 80-year old is approximately one-half that of a 20-year 
old person [63].

The diagnosis of BCI is difficult as no single test defi-
nitely identifies the injury. The EKG may be normal or show 
nonspecific abnormalities including diffuse ST elevations or 
depressions, sinus tachycardia, atrial and ventricular ectopy, 
and conduction disorders [61]. Cardiac enzymes are often 
used as a screening to help identify a BCI. Creatinine kinase 
(CK) is nonspecifically increased in the multitrauma patient 
because of the skeletal muscle injury. CK-MB, which is 
thought to be more specific for cardiac injury, had also dem-
onstrated poor correlation in BCI [64, 65]. Some studies 

have shown that CK-MB is often normal even in the setting 
of BCI [66, 67]. Additionally, as BCI more often involves the 
right ventricle [68], which has relatively less muscle mass 
than the left ventricle, the degree of CK-MB may not corre-
late with injury [65]. Studies of Troponin I and T have dem-
onstrated high accuracy in the setting of BCI [69, 70]. The 
authors have suggested that a normal Troponin I or T is a 
strong indicator of the absence of a cardiac injury.

Echocardiography can provide a direct view of cardiac 
activity including wall motion and valvular function and has 
been shown to be an effective tool for diagnosing BCI [71]. 
A transthoracic echocardiogram (TTE) is noninvasive; how-
ever, some patients may not be able to tolerate it because of 
the chest wall pain, positioning or body habitus. In those 
situations, a transesophageal echocardiogram (TEE) may be 
required for evaluation [68]. However, many elderly trauma 
patients have preexisting wall motion abnormalities and val-
vular dysfunction complicating the echocardiogram findings 
and the diagnosis of acute BCI.

Once identified, supportive care with judiciary volume 
management and inotropes is the mainstay of treatment. Any 
acute structural lesions should be evaluated for possible 
operative repair. As the elderly cannot augment CO, they 
instead increase systemic vascular resistance [72]. This pro-
duces a falsely normal blood pressure but may still have 
badly compromised cardiac performance. Scalea et al. have 
demonstrated that as many as 50% of those who had “nor-
mal” blood pressure in fact had evidence of occult cardio-
genic shock and a subsequent poor outcome [73, 74]. Using 
invasive monitoring, these authors demonstrated significant 
hemodynamic compromise occurs in elderly patients who 
were clinically stable after their initial evaluation for blunt 
trauma [74]. Over a 2-year period, all patients over the age of 
65 who were hemodynamically stable after their initial resus-
citation had a pulmonary artery catheters inserted. The 
authors defined patients to be in cardiogenic shock if they 
had a CO less than 3.5 L/M and/or a mixed venous saturation 
(MVO

2
) less than 50%. They demonstrated an increase in 

survival from 7 to 53% by early optimization of all patients 
with volume, inotropes, and afterload reduction. The authors 
concluded that emergent invasive monitoring identifies 
occult shock early and improves outcome.

Conclusion

The number of persons over the age of 65 years is increasing 
annually. As a result, the number of geriatric trauma patients 
is increasing as well. Trauma was once thought to be a dis-
ease of the young, but this is no longer the case. Accordingly, 
clinicians need to be aware of injury patterns and outcomes 
specifically associated with older age. Although some  injuries 
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are managed with similar therapies in the young and the old, 
some are not. Those over the age of 65 years often have 
comorbidities that not only predispose them to injury, but 
also often make it more difficult for them to overcome the 
injury. Injuries that have minimal effect on the physical being 
of younger people can have significant morbidity and mortal-
ity in the older person. Close attention and aggressive care, 
often involving a multidisciplinary approach, is needed to 
decrease the morbidity and mortality after cardio-thoracic 
trauma in this patient population.
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Abstract As a part of the normal aging process, many 
changes occur in the lungs, mediastinum, pleura, and tho-
racic skeleton. Age-related mild pulmonary fibrosis, air trap-
ping, and apical scarring can be seen in the lungs. Tortuous 
and atherosclerotic vessels and mediastinal lipomatosis are 
not infrequently seen in elderly patients. With increasing 
age, diaphragmatic hernia and eventration may become more 
prominent. Additionally, degenerative changes of the osseous 
structures can sometimes mimic pulmonary nodules. 
Familiarity with the imaging appearance of these changes is 
important to help avoid mistaking these changes as patho-
logic processes.

Keywords Subpleural reticulation • Tracheal calcification  
• Apical cap • Airtrapping (f) • Focal fibrosis (f) • Osteophyte 
(f) • Intraparenchymal lymph node (f) • Lung nodule (f)  
• Thymus (f) • Mediastinal lipomatosis (f) • Unfolded aorta (f) 
• Atherosclerosis (f) • Aberrant right subclavian artery (f) • 
Kommerell diverticulum (f) • Eventration (f) • Diaphragmatic 
hernia (f) • Costal cartilage calcification (f)

Introduction

Many changes that occur in the lungs, mediastinum, pleura, 
and thoracic skeleton as part of the normal aging process can 
be detected on thoracic imaging studies. These changes can 
sometimes mimic pathologic processes. Familiarity with 
imaging appearance of the normal aging chest, therefore, is 
vital for accurate interpretation of the chest radiographs and 
computed tomography (CT) and can help minimize unneces-
sary further work-up.

Lung

Morphologic Changes

Physiologic and morphologic changes have been identified 
in the aging lung [1]. Physiological changes occur in the 
aging lung resulting from loss of elastic recoil in the alveoli 
and airways [1, 2]. Morphologically, there is an increase in 
the size of airspaces with dilatation of alveoli and a decrease 
in gas-exchange surface area and supporting tissue for small 
airways [1]. Histopathologic studies in animal models have 
demonstrated increased collagen accumulation and progres-
sive pulmonary fibrosis with aging [3].

In an attempt to establish the “normal” CT appearance in 
aging lungs, Copley et al. have examined the morphology of 
the lung parenchyma on CT in asymptomatic older patients. 
Two study groups, an older group above 75 years of age and 
a younger group below 55 years of age, were scanned with 
high resolution CT protocol. A subpleural basal reticular pat-
tern was found in the majority (24/40, 60%) of the older 
group and absent (0/16) in the younger group (p < 0.0001) 
(Fig. 12.1). Small cysts were seen in 25% (10/40) of the 
older group and in none of the younger group (p = 0.02). 
Bronchial dilatation and wall thickening were also seen sig-
nificantly more frequently (p < 0.001) in the older group 
(24/40, 60% and 22/40, 55%) than in the younger group 
(1/16, 6% each), respectively. All of the findings were inde-
pendent of smoking history, and the majority of patients had 
normal pulmonary function, likely reflecting the normal 
spectrum of morphology in the aging lung [4].

Additionally, diffuse calcification of the cartilages of tra-
chea and bronchi is a common appearance in the elderly 
female (Fig. 12.2). In contrast, abnormal calcium deposition 
in the airways can be seen in patients with hypercalcemia and 
patients on warfarin treatment. Cartiaginous calification as a 
function of aging is of no clinical significance. It should be 
distinguished from calcifications found in pathologic condi-
tions such as relapsing polychondiritis in which diffuse calci-
fication and smooth thickening is found in the cartilage-bearing 
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airways or tracheopathia osteochondroplastica in which nodular 
submucosal cartilaginous deposits are found diffusely through-
out the tracheobronchial tree.

Apical Cap

Apical caps are a common feature of advancing age and are 
usually the result of subpleural scarring not associated with 
other diseases [5]. Apical subpleural scarring is demonstrated 
as symmetric smooth or, more often, irregular apical thicken-
ing or “apical cap” on chest radiographs. Chest CT images 
demonstrate symmetric bilateral irregular subpleural apical 
opacities (Fig. 12.3).

In cases in which the apical opacities are focal or asym-
metric, underlying pathology may be suspected. Yousem [6] 
reviewed 13 cases of pulmonary apical cap (PAC) resected 
for the exclusion of a clinical diagnosis of lung carcinoma. 
Radiographically the lesions appeared as spiculated subpleural 

Fig. 12.1 Subtle reticular opacities (arrows) are noted in bilateral  
subpleural lungs

Fig. 12.2 Calcification is noted along the tracheal and bronchial wall (arrows) on CXR (a) and coronal reformation CT image (b)
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masses ranging from 0.7 to 5.2 cm in diameter. Histologically, 
these subpleural scars were pyramid shaped with overlying 
pleural adhesions and hyaline pleural plaques, and were 
characterized by a dense basophilic fibrosis of the paren-
chyma with air spaces filled with mature collagen. A chronic 
ischemic etiology was favored [6]. Apical fibrosis related to 
ischemic changes can usually be distinguished from other 
lesions that arise from the lung, pleura, or extra pleural 
space. These lesions include inflammatory lesion such as 
tuberculosis, postradiation fibrosis, superior sulcus tumors, 
posttraumatic subpleural dissection of blood, and mediasti-
nal lipomatosis with subcostal fat extending over the lung 
apices [5].

Focal Fibrosis

Osteophytes of the spine are a common finding in older 
patients, and by the age of 50 years, they are found in about 
80% of men and 60% of women [7]. Osteophytes are more 
often found along the right side of the thoracic spine in contact 
with the lower lobe of the right lung. It is theorized that the 
pulsations of descending thoracic aorta, which descends on 
the left side of the spine, prevents the formation of osteophytes 
[7]. In a retrospective study [8], focal interstitial opacities were 
present in 45% of patients with osteophytes. In contrast, none 
were found in patients without osteophytes. Routine chest CT 
exams commonly demonstrate a focal interstitial opacity adja-
cent to the right-sided osteophytes (Fig. 12.4). Otake et al. [8] 
found both reticular and linear patterns on CT images. On prone 

images, the interstitial opacities persisted, suggesting that the 
opacities are irreversible and not just dependent changes [8]. 
Histologic correlation revealed the adjacent pleura to be white 
and firm with collapse of the adjacent alveolar spaces. Within 
the collapsed lung, collagen and elastic fibers were increased 
consistent with fibrosis [8]. The differential diagnosis includes 
early interstitial pneumonia, asbestosis or focal organizing 
pneumonia. However, focal fibrosis is an incidental isolated 
finding associated with right-sided osteophytes and should not 
be confused with other disorders.

Air Trapping

Air trapping on CT scans is defined as “decreased attenua-
tion of pulmonary parenchyma, especially during expiration” 
[9]. On expiratory images, the attenuation of lung paren-
chyma will normally demonstrate a homogenous increase in 
attenuation [10]. Air trapping appears as a heterogeneous or 
a homogeneous increase in lung lucency [11] (Fig. 12.5). 
Lee et al. [12] assessed the frequency and degree of air trap-
ping on thin-section CT of the lung in relation to age and 
smoking history in asymptomatic subjects. Thin-section CT 
was performed prospectively at end inspiration and end expi-
ration in 82 subjects (27 smokers, 55 nonsmokers) without 
any history of pulmonary diseases or symptoms. The fre-
quency and degree of air trapping were evaluated according 
to age and smoking status. Air trapping was found in 3/13 
(23%) of subjects aged 21–30 years, 7/17 (41%) aged 31–40 
years, 9/18 (50%) aged 41–50 years, 11/17 (65%) aged 

Fig. 12.3 Mild apical reticular opacities (arrows) consistent with fibrosis are subtle on CXR (a) and better appreciated on coronal reformation CT 
image (b). Note also the atherosclerotic calcification along the wall of the descending aorta
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51–60 years, and 13/17 (76%) greater than or equal to 61 
years. The frequency of air trapping not only increased with 
age but also the severity of air trapping had a significant cor-
relation with age and a smoking history of more than 10 
pack-years [12].

Benign Intrapulmonary Lymph Nodes/
Perifissural Lymph Nodes (PFNS)

CT scanning has resulted in the frequent detection of small 
pulmonary nodules, which are often too small to be seen 
on chest radiographs. The finding of benign intraparenchy-
mal lymph nodes is not an uncommon finding following 
resection of small peripheral nodules [13, 14]. Bankoff 
et al. demonstrated that intraparenchymal lymph nodes 
were found in 18% of their patients who underwent mini-
thoracotomies for evaluation of CT-detected pulmonary 
nodules. In an autopsy study, Trapnell showed that intra-
parenchymal lymph nodes were found in 7% (6/92) of their 
cases. Intraparenchymal lymph nodes are frequently found 
in patients older than 50 years and are more common in 
men. They are usually noncalcified, less than 10 mm in 
diameter, and found in the lower lobes in a subpleural peri-
lymphatic location [15–17] (Fig. 12.6). Intraparenchymal 
lymph nodes may mimic other nodules such as granulomas 
or metastases. In a study to determine whether the CT 
characteristic of benign intrapulmonary lymph nodes and 
small sarcoma metastases were sufficiently characteristic 
to allow prospective identification, Sykes et al. [18] found 
that benign intrapulmonary lymph nodes were statistically 
more likely to be oval than round, more likely than sar-
coma metastases to have a lymphatic distribution, and 
more likely to be located subpleurally. Although normal 
lymph nodes are generally ovoid in shape, they may be 
round in appearance on an axial CT scan if an ovoid nodule 
were oriented perpendicular to the imaging plane [18]. 
Coronal and sagittal reformatted images would be helpful 
to demonstrate the true ovoid shape in such cases. A lym-
phatic location is a more specific finding. In a pathologic 
study, Sykes found that 75% (43/57) of benign intrapulmo-
nary lymph nodes were in a lymphatic distribution on CT, 
and 95% (54/57) were in a lymphatic distribution on patho-
logic review. Forty-seven percent (27/57) were subpleural, 
70% (40/57) were in a septal location, and 31% (17/57) 
were both septal and subpleural. All but two were located 
within 2 cm of the pleura. Additionally, 25/57 had a vascu-
lar attachment.

Perifissural nodules (PFNs) are frequently seen on CT 
examinations obtained in older patients who are at high 
risk for lung cancer. Ahn et al. [19] retrospectively reviewed 
serial CT images in 128 subjects enrolled in a lung cancer 
screening trial. Although most PFNs were triangular or 
oval, round, rectangular and dumbbell shapes were also 
identified. The mean maximal length was 3.2 mm (range, 
1–13 mm). During a 2-year follow up in 71 subjects, 7/159 
PFNs increased in size on one scan but were then stable. 
The authors searched a lung cancer registry 7.5 years after 
study entry and found 10 lung cancers in 139 of 146 
study subjects who underwent complete study follow up. 

Fig. 12.4 Subtle reticular opacities in the right lower lobe (arrows) 
adjacent to the osteophytes

Fig. 12.5 An expiratory image showing subtle hyper-lucent areas 
(arrows) in the lungs consistent with air-trapping
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None of these cancers had developed from a PFN, suggest-
ing that the malignant potential of PFNs is low [19]. Small 
nodules located along the fissures with morphologic char-
acteristics of fissural lymph nodes should be considered 
benign.

Mediastinum

Thymus

The normal thymus is composed of two lobes that occupy the 
thyropericardiac space of the anterior mediastinum extend-
ing from the level of thyroid gland inferiorly to the base of 
the heart [20]. From puberty to age 25, the thymus can be 
identified as a triangular bilobed structure in the anterior 
mediastinum with flat or concave borders and rarely convex 
borders. Beginning at puberty, as the thymic gland involutes, 
atrophied thymic follicles are progressively replaced with 
fat, causing the attenuation of the thymic tissue to decrease, 
until about age 60. By age 60, the remaining thymic tissue is 
negligible or absent [21, 22]. The rate of involution is 
extremely variable and recognizable thymic tissue can be 
identified in some subjects even at the age of 40 years. With 
complete thymic involution, the anterior mediastinal fat may 
still have CT attenuation higher than subcutaneous fat 
because of the remaining underlying fibrous skeleton of the 
thymus [20] (Fig. 12.7).

Mediastinal Lipomatosis

Mediastinal lipomatosis is a benign condition in which there 
is excessive deposition of unencapsulated fat throughout the 

mediastinum resulting in mediastinal widening. Mediastinal 
lipomatosis is associated with obesity, Cushing’s syndrome, 
and steroid treatment. Although lipomatosis may be found in 
young adults, it is more commonly encountered in the older 
and obese adult population. Lipomatosis is asymptomatic 
and requires no treatment.

Mediastinal lipomatosis causes smooth mediastinal 
widening on chest radiographs, CT, and magnetic reso-
nance imaging (MRI). The excessive fat is deposited 
throughout the mediastinum, surrounding normal struc-
tures without causing compression or obstruction (Fig. 12.8). 
Excessive fat is commonly more prominent in the superior 
mediastinum, but is also seen in the paravertebral regions, 
and the cardiophrenic angles resulting in large paracardiac 
fat pads (Fig. 12.9). On chest radiographs, the widening in 
the mediastinum may have a mass-like appearance, mim-
icking a tumor. However, on CT or MRI, the benign fat can 
be easily distinguished by its pure fat attenuation and lack 
of mass effect on adjacent structures. Any stranding of the 
fat or soft tissue attenuation within the fat is a sign of 
pathologic process such as hemorrhage or mediastinitis in 
the acute setting and tumor infiltration, mediastinal fibro-
sis, or liposarcoma in the chronic setting. Excessive fat 
may also deposit in the extrapleural space mimicking focal 
or diffuse pleural thickening on chest radiographs [23–26] 
(Fig. 12.10).

Aorta and Great Vessels

In normal subjects, the thoracic aorta gradually tapers from 
its origin to the descending aorta such that the ascending 
aorta is usually 1 cm greater in diameter than the descend-
ing aorta. Aronberg et al. [27] measured the normal diam-
eter of more than 100 adults and found the average diameter 

Fig. 12.6 (a) Tiny oval-shaped 
nodule along the right minor 
fissure (arrow) and (b) tiny 
triangular-shaped nodule along 
the right major fissure (arrow) 
consistent with intraparenchymal 
lymph nodes
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of the proximal ascending aorta is 3.6 cm (range 2.4–
4.7 cm), the ascending aorta below the arch is 3.51 cm 
(range 2.2–4.6 cm), the proximal descending aorta is 
2.63 cm (range 1.6–3.7 cm), the middle descending aorta is 

2.48 cm (range 1.6–3.7 cm), and the distal descending 
aorta is 2.42 cm (range 1.4–3.3 cm). Aortic diameters gen-
erally increase with advancing age and aortic diameters 
tend to be greater in men when compared with women [27, 
28]. In subjects over 50 years of age, the aorta may appear 
more prominent or tortuous on chest radiographs without 
evidence for aneurysm formation. In younger patients, the 
descending aorta descends in proximity to the thoracic 
spine in a parallel fashion, while in older normal adults, 
the aortic arch and descending aorta appear more “unfolded” 
(Fig. 12.11). Similar changes occur in the right innomi-
nate, common carotid and subclabvian arteries. With 
increased age, the arteries may assume a more tortuous 
appearance. In extreme cases, the vessels may be so tortu-
ous that they cause widening of the superior mediastinum 
mimicking a mediastinal mass or lymphadenopathy. These 
findings can be easily clarified by CT correlation or com-
parison with older chest radiographs to demonstrate long-
term stability (Fig. 12.12).

As atherosclerosis develops in older adults and aortic 
plaques form, focal areas of wall thickening may appear, 
which is lower in attenuation than the normal aortic wall 
because of their lipid content [29]. As the atherosclerosis 
progresses, the plaques calcify. On positron emission 
tomography (PET) examinations, abnormal fluorodeo
xyglucose (FDG) uptake can be detected in atheroscle-
rotic vessels including the aorta and great vessels [30] 
(Fig. 12.13). The abnormal activity corresponds to inflam-
matory changes in the atheromatous plaques that can 
appear as either diffuse or focal uptake in the wall of the 

Fig. 12.7 (a) Normal thymus in a 7-year-old child demonstrates con-
vex margin with soft tissue density. (b) Normal thymus in a 29-year-old 
adult has some interspersed fat density and smaller size though still 
retains a convex margin on the left. (c) Normal thymus in another 
29-year-old adult consists mostly of fat density but has straight margin. 
(d) Normal thymus in a 73-year-old adult demonstrates complete fatty 
replacement of the thymic tissue and straight lateral margins

Fig. 12.8 Axial CT shows prominent mediastinal fat (arrows) consis-
tent with mediastinal lipomatosis. Significant amount of subcutaneous 
fat is also present in this obese patient
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atherosclerotic artery. Focal uptake may sometimes mimic 
metastatic lymphadenopathy in PET scans performed for 
cancer staging. Registration with the concurrent CT exam-
ination is important to localize the FDG uptake to the 

abnormal artery and exclude the presence of lymphade-
nopthy or other mass.

An aberrant right subclavian artery arising from an 
 otherwise normal left aortic arch is the most common 

Fig. 12.9 PA and lateral 
radiographs (a, b) show 
prominent paracardiac fat pad 
(arrows), confirmed on CT (c)

Fig. 12.10 CT images in lung window (a) and soft tissue window (b). Possible pleural thickening of the right posterolateral thorax (arrows) seen 
in the lung window is of fat density when viewed in the soft tissue window consistent with prominent extra-pleural fat
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 congenital abnormality of the aorta occurring in 0.5% of 
the normal population [31]. The aberrant right subclavian 
artery arises from the posterior portion of the left-sided 
aortic arch and crosses the mediastinum posterior to the 
trachea and esophagus as it courses from left to right. In 
approximately 60% [28] of cases, there is dilatation of the 
artery at its origin referred to as a Kommerell diverticulum. 
The diverticulum can cause compression of the adjacent 
esophagus resulting in dysphagia. In aging adults, the 
diverticulum can enlarge, become atherosclerotic, and be a 
nidus for thrombus formation (Fig. 12.14). In such cases, 
increased dysphagia or stroke may ensue [32].

Fig. 12.11 PA (a) and lateral 
(b) chest radiograph show 
tortuosity or unfolded  
appearance of the thoracic  
aorta

Fig. 12.12 PA chest radiograph (a) shows prominent soft tissue in the 
right paratracheal region (arrow) corresponding to a tortuous right sub-
clavian artery on CT (b)

Fig. 12.13 (a, b) Coronal and sagittal views from a PET study show-
ing FDG uptake along the aortic wall (arrows), thought to be due to 
atherosclerosis. Note the normal uptake by the left ventricular 
myocardium
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Diaphragm

Age-related changes in the diaphragm have been studied. In 
a study of 120 subjects evaluated by CT, Caskey et al. [33] 
failed to identify any change in the thickness of the dia-
phragm with age. Yet, congenital defects of the diaphragm 
can become more pronounced with advancing age and in the 
presence of pulmonary emphysema, especially in men. In 
this study, none of the patients in their 20s and 30s demon-
strated any diaphragmatic defects, whereas 56% of patients 

in their 60s and 70s were found to have defects. The authors 
hypothesized that the defects found in older individuals 
occurred in areas of structural weakness, possibly embryo-
logic in nature [33].

The most common of the diaphragmatic defects, the 
Bochdalek hernia, is caused by persistence of the embryonic 
pleuroperitioneal canal. Posterior herniation of abdominal 
contents such as fat, kidney, and adrenal gland through the 
defect may simulate an intrathoracic mass (Fig. 12.15). 
Herniation of intraabdominal fat and viscera may also occur 

Fig. 12.14 Axial (a) and 
coronal (b) CT images showing 
aberrant origin of the right 
subclavian artery with diverticu-
lum of Kommerell (short arrow). 
The esophagus (long arrow) is 
compressed

Fig. 12.15 Lateral chest 
radiograph (a) demonstrates a 
mass-like opacity in the left 
posterior costophrenic sulcus 
(arrow). Axial CT (b, c) shows a 
left posterior diaphragmatic 
defect (arrow in c) with 
herniation of abdominal fat into 
the left chest cavity (arrow in b). 
The patient also has a moderate 
para-esophageal hiatus hernia (b)
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through a defect in the anterior costal portion of the  
diaphragm resulting in a paracardiac Morgagni hernia 
(Fig. 12.16). These diaphragmatic defects are readily dis-
cerned on chest radiographs as an anterior or posterior 
“mass” contiguous with the diaphragm. CT or MRI evalua-
tion, particularly with sagittal and coronal images, is instru-
mental in defining the fatty contents and vasculature of the 
defect and the contiguity with intraabdominal contents [34].

Eventration is a congenital weakness in the muscle of the 
diaphragm that may occur as a unilateral or bilateral defect. 
The weakness results in a focal upward bulge in the contour 

of the diaphragm more commonly in the anterior aspect 
(Fig. 12.17). In rare cases, the entire extent of the diaphragm 
may be involved mimicking diaphragmatic paralysis. The 
distinction of eventration from paralysis can be made by 
fluoroscopic evaluation of the diaphragm. In the case of 
paralysis, the diaphragm shows paradoxical motion with a 
sniff test; the paralyzed hemi-diaphragm will move upward, 
while the normal contra-lateral hemi-diaphragm will move 
downward. In eventration, the diaphragm should move 
downward during the sniff maneuver, as expected with non-
paralyzed diaphragm.

Fig. 12.16 PA and lateral chest radiographs (a, b) demonstrate a right 
para-cardiac opacity (arrows). Coronal (c) and sagittal (d) CT reforma-
tion images revealed a defect in the antero-medial aspect of the right 

hemi-diaphragm (arrows) with herniation of abdominal fat and vascu-
lature into the thorax, consistent with Morgagni hernia
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Musculoskeletal

Chest wall compliance demonstrated a significant decrease 
with increasing age in a study comparing the compliance of 
the chest wall in subjects aged 24–39 years when compared 

with those of 55–75 years [35]. Several factors that contrib-
ute to decreased chest wall compliance can be demonstrated 
radiographically. Calcification of the costal cartilages and 
chondro-sternal junctions increase with advanced age 
(Fig. 12.18). There are also changes in the shape of the tho-
rax including increased kyphosis relating to osteoporosis 
and partial or complete vertebral fractures [36, 37]. The 
increased calcification of the costal cartilages and degenera-
tive osteophytes in the thoracic spine can mimic lung can-
cers (Figs. 12.19 and 12.20) and, in some instances, can 
mask significant underlying pathology. For example, the 
overlying opacities of the head of the clavicle and the first 
costochondral junction can obscure underlying pathology at 
the lung apex (Fig. 12.21). The apical location was a com-
mon site of missed lung cancers in a retrospective study by 
Austin et al. [38]. Eighteen radiologists failed to detect 27 
potentially resectable bronchogenic carcinomas seen retro-
spectively on serial chest radiographs. Most of the lung can-
cers were in an upper lobe (n = 22 [81%]), particularly the 
right upper lobe (n = 15 [56%]) [36]. Shah et al. [39] also 
found that there was an upper lobe predominance (72%) of 
missed lung cancers, particularly in the apical or posterior 
segment of the right upper lobe (38% of cases) or in the 
apicoposterior segment of the left upper lobe (22% of cases). 
These three upper zone segments were the sites of missed 
cancers in 60% of cases in the series of Shah et al. [39] and 
59% of cases in the series of Austin et al. Lesions of low 
conspicuity abound in the upper lung zones, most likely 

Fig. 12.17 PA (a) and lateral (b) chest radiograph demonstrate lobulated contour and elevation of the antero-medial aspect of the right hemi-
diaphragm, characteristic of eventration

Fig. 12.18 Coronal reformation CT image demonstrates calcification 
of the costal cartilages
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Fig. 12.20 PA (a) and lateral (b) chest radiograph demonstrate a left paraspinal nodular opacity (arrow) which is confirmed to represent bridging 
osteophytes on coronal (c) and sagittal (d) reformation CT images

Fig. 12.19 A nodular opacity (arrow) was noted on the chest radiograph (a), which corresponds to asymmetrically calcified right first costal 
cartilage on CT (b)
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explained by the fact that a clavicle obscured the lesion in 
22% of cases [39].

Conclusion

The normal aging process can affect the chest in numerous 
ways as illustrated in this chapter. By having an understand-
ing of the typical imaging findings frequently seen in elderly 
patients, one can better distinguish normal aging from 

 pathologic processes and thus avoid common pitfalls and 
provide appropriate management.
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Abstract With noninvasive multi-modality cardiovascular 
imaging, today’s cardiovascular surgeons have unprec-
edented insight into cardiac pathophysiology. Rapid and 
accurate answers are available for common clinical ques-
tions involving ischemic heart disease, congestive heart 
failure, valvular heart disease and pericardial processes. 
An understanding of the imaging tools available and their 
appropriate application will result in superior care and better 
clinical outcomes in our elderly surgical patient population.

Keywords Cardiac imaging • Echocardiography • Nuclear 
cardiology • Cardiac computed tomography • Cardiac mag-
netic resonance imaging • Ischemic heart disease • Congestive 
heart failure • Valvular heart disease • Postoperative cardiac 
imaging • Viability

Introduction

Imaging is at the core of diagnosing, managing, and tracking 
of all cardiovascular disease processes. With an array of 
advanced cardiac imaging techniques such as echocardiogra-
phy, nuclear cardiology, cardiac CT and MRI, we have 
unprecedented visualization of cardiac details and a power-
ful understanding of physiology and hemodynamics. We 
have prepared an exciting chapter in which we will elucidate 
the varying imaging modalities and provide focused sections 
on ischemic heart disease (IHD), congestive heart failure 
(HF), valvular heart disease (VHD), and pre and postopera-
tive imaging. Our aim is to provide a thorough demonstra-
tion of the potent capabilities of cardiac imaging in the 
elderly, and demonstrate how the information obtained is 
beneficial in evaluating and managing the diverse disease 
processes important to today’s cardiovascular surgeon.

Cardiac Imaging Techniques

Echocardiography

Structural Imaging

Echocardiography uses high-frequency ultrasound to evalu-
ate the structural and functional status of the cardiovascular 
system. Pulsed ultrasound is generated by a piezo-electric 
crystal which acts as both transmitter and receiver. Two-
dimensional images are produced using a phased array 
 (multicrystal) scanning probe to produce a fan-shaped ultra-
sound wave front. The sound reflected off static or moving 
heart tissue returns to the probe receiver, is converted to an 
electrical signal, and then displayed as a dynamic 2D slice of 
cardiac anatomy. Recently developed 3D probes can be used 
to acquire a pyramidal volume of dynamic structural data, 
which is then cropped to display a 2D slice of interest. These 
2D and 3D imaging modes can be obtained from transtho-
racic or transesophageal imaging windows.

Spectral Doppler

Doppler imaging represents blood movement using a graphi-
cal representation of the relationship between blood flow 
velocity and time. Blood flow is measured using either con-
tinuous wave (CW) Doppler, or pulsed-wave (PW) Doppler 
modes. CW Doppler detects blood velocity anywhere along 
a line of interrogation, and is useful to record the maximum 
flow velocity (>2 m/s) and flow pattern across a stenotic 
valve. Pressure gradients can be estimated from this peak 
velocity measure using the modified Bernoulli equation 
which is based on the principle of conservation of mass. 
Rather than measuring the blood velocity anywhere along a 
line of interest, PW Doppler uses pulses of ultrasound, and 
measures the frequency shift of the returning echo to deter-
mine blood velocity within a specific sample volume. The 
direction and depth of this sample volume are positioned 
using 2D imaging guidance. PW Doppler is used to measure 
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relatively low velocity flow (<2 m/s) and is commonly 
 combined with an estimate of flow area to derive stroke vol-
ume (e.g., PW Doppler sample volume is positioned within 
the left ventricular (LV) outflow tract and combined with an 
estimate of LV outflow area to measure LV stroke volume).

Color Flow Doppler

Color Doppler is superimposed on the 2D image, with blood 
velocity at any point on the image assigned a color according 
to its magnitude and direction. Blood flow towards the ultra-
sound probe is usually assigned as red, and flow away from 
the probe is assigned as blue. Blow flow that is turbulent is 
represented as a mosaic of colors. Since color flow mapping 
is a form of pulsed wave Doppler, it provides information 
about velocity and direction of flow within a defined region 
of interest. The initial echocardiographic assessment of valve 
stenosis or regurgitation is usually done by positioning a 
color Doppler sample region over a valve of interest. If 
abnormal flow pattern are identified, then specific color and 
spectral Doppler techniques are employed to quantify the 
degree of valve dysfunction.

Nuclear Myocardial Perfusion Imaging

Since cardiac radionucleotide imaging began in the 1970s, 
single photon emission computed tomography (SPECT) has 
become a well established technique for myocardial perfu-
sion imaging (MPI). Numerous studies have validated its 
role in the detection of coronary artery disease and future 
risk assessment. With over 10 million studies performed 
each year alone in the United States, understanding the tech-
nique and its implications are paramount to all ordering phy-
sicians, including cardiovascular surgeons.

Technique

SPECT-MPI involves injection of radio-isotope tracers 
(either technecium-99m based or thallium-201 agents) dur-
ing stress and resting states. These agents are extracted from 
the bloodstream by viable myocardium in proportion to 
regional blood flow and decay releasing gamma photon 
energy. Using a sophisticated system comprising of a detec-
tion crystal, collimators, and photomultiplier tubes, the stan-
dard nuclear cardiology camera captures and localizes these 
photoemissions from multiple angles around the body and 
converts them into an electrical signal. After further process-
ing, the final two dimensional display images are multiple 
reconstructed slices of the heart representing myocardial 

 perfusion and regional flow differences. Interpretation of the 
slices requires  comparisons between the resting and stress 
perfusion images. Areas of the heart with stress induced per-
fusion defects, but normal resting perfusion are deemed areas 
of ischemia. Areas of the myocardium with impaired stress 
and rest perfusion abnormalities are deemed fixed defects, 
and likely represent infarction especially if the defect is 
severe. Both semi-quantitative and quantitative analyses have 
been developed in order to improve reproducibility and to aid 
in the description of the presence, type, and degree of abnor-
mal findings [1].

MPI is performed in conjunction with either exercise or 
pharmacological stress to increase coronary blood flow above 
resting levels. Treadmill exercise using the Bruce protocol to 
attain at least 85% of age-predicted maximum heart rate is 
generally preferred as it allows for the concomitant assessment 
of hemodynamics, functional capacity and symptoms. In the 
elderly population, co-morbidities and physical ailments fre-
quently preclude treadmill testing or the attainment of target 
heart rates. Therefore, coronary hyperemia is usually achieved 
with pharmacological stress agents such as vasodilators 
 (adenosine, regadenoson, or dypridamole) or catecholamines 
(dobutamine). Finally, SPECT-MPI is performed as a single or 
two day protocol, depending on patient’s body habitus, and 
generally requires approximately 5 h to complete.

Safety

Stress MPI is, generally, safe and well tolerated. Though 
infrequent, risks and side effects are related to stress testing 
and close monitoring is always required. Of more concern 
recently is ionizing radiation and the potential for significant 
lifetime exposure with greater risk for malignancy. Substantial 
differences exist between procedures with use of different 
radiopharmaceuticals. 99m-Tc rest-stress study averages 
10–15 mSv. Doses are much higher for studies using 201Tl 
(approaching 15–20 mSv) and still higher for dual isotope 
studies [2]. Great emphasis has been placed on reducing 
radiation exposure both by increasing awareness, and with 
new recent hardware and technology advances.

Indications

SPECT-MPI is clinically indicated for a variety of diverse 
clinical scenarios including the detection of CAD and risk 
assessment in symptomatic and asymptomatic patients with 
or without CAD, risk assessment post acute coronary syn-
dromes, preoperative risk assessment of patients undergoing 
noncardiac surgery, the evaluation of newly diagnosed CHF 
and the assessment of myocardial viability [3]. Furthermore, 
over 2 decades of clinical trials have established the 
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 prognostic role of SPECT findings in the routine clinical 
management of subjects with suspected or known CAD. A 
normal SPECT result generally defines a group with a <1% 
annual risk of cardiac death and/or nonfatal myocardial 
infarction, whereas prognosis is progressively poorer the 
more abnormal the study. Furthermore, quantification of LV 
ejection fraction has been shown to provide incremental 
prognostic information to the perfusion and clinical data. In 
general, post stress LVEF is the best predictor of cardiac 
death, whereas the amount of ischemia is the best predictor 
for nonfatal myocardial infarction [4].

Cardiac Computed Tomography (CT)

Traditionally the assessment of coronary artery stenosis has 
been performed using invasive coronary angiogram (ICA), a 
technique which provides superior temporal and spatial reso-
lution. However, the risk of ICA is higher in the elderly pop-
ulation with more vascular complications, stroke, myocardial 
infarctions, and cardiac arrhythmias. Over the last decade, 
there have been dramatic advances in the performance of 
cardiac CT. Using state of art technology, scanners can now 
achieve a high spatial resolution of 0.5 mm and provide a 
detailed depiction of cardiac structures. In addition, with sig-
nificantly improved temporal resolution, scanners can now 
literally “freeze” the coronary arteries to allow for accurate 
assessment of both the vessel lumen and arterial walls. 
Performance of MDCT using the intravenous administration 
of contrast media can noninvasively produce similar high 
quality angiographic images as ICA but without the potential 
cardiac, vascular and neurological complications (Fig. 13.1). 

Although relatively few studies have focused specifically on 
the elderly; applications of cardiac CT in this population 
have continued to escalate. Therefore, it is important to be 
familiar with the strengths and limitations of this relatively 
new and exciting technology.

Technique

One of the major advantages of CT is the ease with which 
high quality information is obtained. For optimal image 
quality, oral and/or IV beta blockers are administrated hours 
before starting the scan to achieve a heart rate of 60–65 beats 
per minute. Sublingual NTG is given right before imaging 
for coronary vasodilation. A low-energy scout film is acquired 
to ensure the scan volume covers the length of the heart or 
the structure of interest. CT is performed in inspiratory 
breathhold after administration of intravenous contrast agent 
at 4–7 mL/s via an 18-gauge catheter placed in the antecu-
bital vein. The initiation of image acquisition can be done 
with either bolus tracking or the timing bolus method. The 
entire CT volume data set for coronary artery visualization 
can be acquired either in helical (patient table is continu-
ously advanced during the gantry rotation) or step-shoot 
mode (table intermittently advanced). During the scan, the 
patient’s ECG is continuously recorded. Synchronization of 
raw CT image data with ECG information enables the recon-
struction of axial ECG-gated images. The resulting recon-
structed data set is transmitted to an offline workstation 
where post processing is performed for final review and 
interpretation. The typical study duration of a 64 slice MDCT 
scanner is less than 10 s. Newer 320 slices scanner with 
larger anatomic coverage allow completion of a study within 
one or two heart beats. This can be very useful in the elderly 
patient with co-morbidities that prevent them from perform-
ing longer breath holds or remaining motionless in a supine 
position for long periods of time.

Indications

Stenosis detection is currently the leading indication for 
 performing cardiac CT angiography (CTA). Numerous stud-
ies have now shown coronary CTA to be highly effective in 
the evaluation of CAD with an excellent diagnostic accuracy 
for the detection of significant coronary stenosis when com-
pared to ICA [5]. Furthermore, the diagnostic accuracy of 
CTA for ruling out the presence of significant CAD has been 
shown to be very good and can identity patients who would 
not benefit from ICA [6]. Unlike ICA, coronary CTA further 
allows the simultaneous assessment of both the lumen and 
the surrounding arterial wall. It can potentially determine 
both the type of plaque present and indicate its risk for future 

Fig. 13.1 Two dimensional global coronary CT angiogram of a 70 
years patient with chest pain. The coronary artery calcium score (CACS) 
was 556 HU. Notice the severe calcific plaques along the distal LM, 
proximal and mid LAD. The assessment of luminal stenosis is espe-
cially difficult at the level of mid LAD and D2
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plaque rupture and subsequent acute events. Cardiac CT has 
now extended to cardiovascular surgery patients to assess the 
patency of coronary artery bypass grafts, or to determine 
essential anatomy prior to repeat thoracic surgery. 
Noncoronary indications for cardiac CT include assessment 
of LV morphology, cardiac chambers sizes, the pericardium, 
VHD and intra-cardiac masses. The role of cardiac CT for 
these purposes is usually secondary and mostly performed 
only when other primary modalities such as echo or MRI 
cannot provide adequate information.

Limitations

There are potential limitations associated with this new tech-
nology, especially in the elderly. A major limitation of CTA 
is the prevalence of coronary calcification in the elderly 
which can limit diagnostic accuracy. Calcification causes a 
blooming artifact which can result in overestimation of 
stenosis severity and a reduction in diagnostic specificity. 
One approach to mitigate this would be the performance of a 
non contrast CT to determine the coronary artery calcium 
score prior to CTA. If the calcium burden is low, CTA likely 
will be of diagnostic quality. On the other hand, the presence 
of high calcium burden should allow the consideration of 
alternative imaging techniques. There is no well established 
threshold of calcification for performance of CTA, but a 
recent large multicenter study used a Housefield unit of 600 
as a cutoff for analysis [7]. Contrast related toxicity, another 
major concern, is much higher in the elderly due to impaired 
renal function and presence of concomitant comorbidities 
such as diabetes or HF [8]. The 64 or larger slice scanners 
fortunately require much lower doses of contrast (usually 
less than 100 mL per study and comparable to ICA) than the 
older generation scanners. Finally, although the use of ion-
izing radiation and its potential long term cancer risk are 
always concerning, the absolute risk associated with use of 
radiation is much less in the elderly. Plus, newer imaging 
protocols have dramatically reduced the amount of total radi-
ation doses that are now delivered (comparable to or lower 
than ICA).

Cardiac Magnetic Resonance Imaging (CMR)

Cardiac magnetic resonance (CMR) is emerging as the 
method of choice for the evaluation of a wide range of car-
diovascular disorders. Its advancing role is related largely to 
a variety of hardware and software innovations which allow 
increasingly rapid and robust data acquisition. Today, CMR 
has a number of unique advantages over other imaging 

modalities. First, all imaging is performed without the risks 
of ionizing radiation and, in many instances, without contrast 
administration (except for myocardial viability). Second, it 
provides a view of the entire heart without limitations from 
inadequate imaging windows or body habitus and can obtain 
imaging data in any imaging plane prescribed by the scan 
operator. Next, different CMR pulse sequences enable 
 multiple variant sets of raw data to be gathered from one 
region – a feature unique to CMR, which provides it with the 
potential to probe a vast number of biological properties with 
the same machine (e.g., blood perfusion, contractile func-
tion, presence of fat, thrombus, infarction, etc.). These fea-
tures are also responsible for the increase in the complexity 
of CMR, since the operator must assess the clinical scenario, 
select the correct pulse sequences to apply, and then correctly 
set sequence parameters to achieve optimal image quality.

Indications

CMR is widely considered the gold standard method for the 
assessment of cardiac morphology [9]. The multifaceted 
nature of CMR can produce tomographic still images, like 
CT images, that can accurately and reproducibly assess LV or 
right ventricular (RV) chamber sizes, wall thickness and mass 
[9–11]. In addition, CMR is excellent in the evaluation of 
cardiac or paracardiac masses because of its ability to charac-
terize the composition of abnormal tissue [9, 12–16]. The 
multifaceted nature of CMR also enables it to be used for 
functional assessment. Conventional gradient-recalled echo 
or new steady-state free-precession pulse sequences can be 
used to construct a cine image, which is a movie of 15–20 
frames in which the full cardiac cycle can be seen; each movie 
frame represents approximately 30–40 ms of the cardiac 
cycle. These cine images can be acquired in a 5–8 s breath-
hold. Newer sequences allow even faster image acquisition, 
such as three slices in one breath-hold. Figure 13.2 is an 
example of a complete series of short-axis views throughout 
the left and right ventricles for the assessment of ventricular 
function using the steady-state free-precession technique. 
The high spatial resolution and strong contrast between the 
myocardium and cavity blood make planimetry of the inter-
face accurate and easily reproducible for assessment of LV 
and RV function in normal and HF patients [11, 17–21].

CMR can be employed as a noninvasive stress-testing 
method for the detection and assessment of coronary artery 
disease. It can be used to assess both inducible wall motion 
abnormalities (analogous to dobutamine echocardiography) 
and perfusion reserve (similar to adenosine single photon 
emission CT). In addition to evaluating the first-pass transit 
of gadolinium contrast, images can be obtained 10–15 min 
later, in a pseudoequilibrium phase. In these images, which 
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are usually obtained with a gradient-recalled echo imaging 
engine and an inversion prepulse modifier, the gadolinium 
enhancement patterns reflect physiologic processes other 
than perfusion. This technique, named delayed-enhancement 
CMR, is useful in the identification of nonviable myocar-
dium, such as where there is acute necrosis or collagenous 
scarring, which are seen as hyperenhanced or “bright” 
regions on the images. Delayed-enhancement CMR was first 
described only 10 years ago [22], but there is already an 
abundance of validation data in animal models which dem-
onstrate that this method can enable differentiation between 
reversible and irreversible myocardial injury [22–24]. In 
addition, evidence of the clinical utility of delayed-enhance-
ment CMR is increasing in both acute and chronic ischemic 
syndromes [25, 26]. The high spatial resolution provided by 
delayed-enhancement CMR, along with its ability to directly 
image both viable and nonviable myocardium [14], make it 
useful for detecting acute and chronic myocardial infarction 
and for differentiating ischemic from nonischemic myocar-
dial disorders.

Ischemic Heart Disease

Ischemic Heart Disease Introduction

IHD rises in prevalence and severity with increasing age. 
Studies employing stress testing or coronary angiography 
have repeatedly demonstrated age related increases in provo-
cable ischemia, triple vessel and left main disease. Those 
elderly who present with myocardial infarctions have greater 
complications, including congestive HF, mitral insufficiency, 
cardiogenic shock, cardiac rupture, and cardiac death. 
Despite its prevalence, management of CAD is a continuing 
challenge in today’s burgeoning elderly population as the 
elderly are commonly undiagnosed or misdiagnosed, pre-
senting with atypical symptoms. Currently, several therapeu-
tic options are available for IHD including medical therapy, 
percutaneous or surgical revascularization procedures.

Cardiac imaging offers the opportunity to comprehen-
sively evaluate symptomatic or asymptomatic patients with 

Fig. 13.2 Typical study of ventricular function by CMR. From a 4 
chamber long axis view, serial short axis cine images are acquired 
every 1 cm from base to apex of heart. The left ventricular (LV) 
endocardial contours are planimetered in both end-diastole and 
end-systole summed to calculate LV end diastolic volume (LVEDV) 
and LV end systolic volume (LVESV). The difference between 

LVEDV and LVESV  represents the LV stroke volume. LV ejection 
fraction (%) can be  calculated by dividing the LV stroke volume 
by the LVEDV and multiplying by 100. The same can be performed 
for the right ventricle (RV) to ascertain RV end diastolic volume, 
RV end systolic volume, RV stroke volume, and RV ejection 
 fraction [123]
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 suspected or documented IHD. Cardiac imaging offers 
needed information to help arrive at the optimal therapy for 
a patient. First, noninvasive stress testing techniques have 
been extensively validated for diagnostic accuracy of CAD 
detection. Although ICA continues to be the accepted gold 
standard, stress imaging has excellent sensitivities and 
 specificities for the detection of significant disease. Selection 
of a particular testing modality is frequently based on local 
expertise, available technology and concomitant patient 
 co-morbidities. Second, imaging parameters are widely used 
for risk stratification and assessment of long term prognosis. 
Measurements of cardiac chamber sizes and biventricular 
ejection fractions, presence of LV hypertrophy, wall motion 
abnormalities, extent of ischemia, severity of mitral regurgi-
tation, and diastolic function have been found to impact long 
term survival and therefore clinical decision making. Finally, 
cardiac imaging techniques provide valuable information on 
the presence of ischemia and myocardial viability, thereby 
guiding the appropriate use of aggressive percutaneous or 
surgical therapies.

Echocardiography

Resting echocardiography is a powerful tool for assessing 
patients with IHD. It provides valuable information concern-
ing ejection fraction, regional LV wall motion abnormalities, 
and cardiac morphology including chamber sizes and LV 
hypertrophy, and RV function. Doppler techniques allow for 
the assessment of any concomitant valvular abnormalities, 

intra-cardiac filling pressures and pulmonary artery  pressures. 
In patients with post acute myocardial infarction (AMI), sec-
ondary complications can readily be assessed such as LV 
aneurysms, cardiac thrombi, intra-cardiac shunts and cardiac 
rupture with resultant pseudo aneurysm (Fig. 13.3).

Several traditional echo parameters have been shown to 
be closely associated with prognosis in patients with IHD. 
Elderly patients with LV hypertrophy are at increased risk 
for both cardiac events such as CHF, unstable angina, arrhyth-
mias, and neurological events such as stroke. Reductions in 
LV ejection fraction or elevations in LV end systolic volume 
post MI correlate with increases in mortality [27, 28]. Wall 
motion score index, reflecting the magnitude of myocardial 
damage, has been shown to independently predict death or 
CHF hospitalization [29]. The incidence of mitral regurgita-
tion is high among patients with IHD, and has also been 
shown to be an independent predictor of cardiovascular mor-
tality and CHF hospitalizations [30]. Finally, diastolic dys-
function, as evidenced by a restrictive filling pattern or 
enlarged left atrium volumes, has been shown to predict late 
HF and survival [31]. The increasing use of 3D Echo has 
provided superior information on LV volumes, LVEF and LV 
sphericity indices over the recent years, and may predict LV 
remodeling [32].

Stress echocardiography provides opportunity for risk 
stratification and the assessment of viability in patients with 
IHD. Stress echo, is clinically indicated for the detection of 
CAD and risk assessment in patients with or without chest 
pain, for risk stratification of patients post ACS or post revas-
cularization, as part of a preoperative evaluation prior to 
 noncardiac surgery, and myocardial viability assessment. 

Fig. 13.3 Apical thrombus 
visualized with intravenous 
contrast by TTE in a patient 
with an akinetic apex post 
LAD infarct
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The technique allows assessment of baseline cardiac  function 
and direct evaluation of inducible myocardial ischemia by 
detecting new or worsening wall motion abnormalities with 
stress (Fig. 13.4). Studies have shown stress echocardiogra-
phy to have a similar sensitivity to myocardial perfusion scin-
tigraphy but a higher specificity for the detection of disease 
[33]. Prognostic parameters of importance in predicting long-
term cardiac events in a heterogeneous population are resting 
LV function, myocardial viability, stress-induced ischemia, 
vascular extent of wall motion abnormalities, and changes in 
end-systolic volume and ejection fraction with stress. Patients 
with normal stress echocardiography have a very low cardiac 
event rate (0.9%) [34]. Those with increasing abnormalities 
such as changes in wall motion score index, LV end-systolic 
volume, and ejection fraction are at increasingly higher risk 
for death and myocardial infarction and coronary angiogra-
phy, and subsequent myocardial  revascularization may be 
justified in these patients [35]. In patients with chronic 
IHD, dobutamine stress echo has a major role in detecting 

 myocardial ischemia and residual viable myocardial tissue. 
Patients with a substantial amount of dysfunctional but viable 
or ischemic myocardium have been shown to have a high 
likelihood of improved function, less adverse remodeling and 
a better prognosis after subsequent myocardial revasculariza-
tion [36]. Thus, identifying patients who are high risk for car-
diac events allows the appropriate use of invasive procedures 
for those most likely to benefit.

Recently, myocardial contrast echocardiography (CE) has 
been used to assess myocardial perfusion and microvascular 
integrity as indicators of myocardial viability. The extent and 
severity of perfusion defects have been shown to correlate 
with perfusion defect size by SPECT imaging LV EF’s and 
the likelihood of functional recovery at follow-up. Large per-
fusion defects (indicating nonviable tissue) have lower ejec-
tion fractions and a low likelihood of regional or global 
functional recovery over time after acute MI, with an increased 
risk for the development of adverse LV remodeling [37, 38]. 
On the other hand, dysfunctional regions with  preserved 

Fig. 13.4 Stress echo demonstrating failure to augment EF with  exercise and stress induced wall motion abnormality in the anterior and anteroseptal 
walls. A proximal LAD lesion was found with invasive angiography
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 perfusion (indicating viable myocardium)  frequently exhibit 
improvement of function during follow-up. Finally, the pres-
ence of reduced perfusion on myocardial CE, has also been 
shown to be predictive of mortality and other major cardiac 
events during follow up [39].

Besides ischemia and viability, other important informa-
tion concerning surgical management of ischemic cardio-
myopathy is the presence of so called functional “mitral 
regurgitation,” secondary to a remodeled LV with mitral 
annulus dilation and leaflet tethering. This is mainly 
assessed by echo (transthoracic echocardiography [TTE] or 
transesophageal echocardiography [TEE]) but MRI could 
play an important role as well. Both techniques allow accu-
rate quantification of the regurgitation severity that could 
determine needs for additional MV surgery. Other important 
data are the volume and presence of aneurysm that might 
mandate need for additional LV restoration surgery (Fig. 13.5). 
Although echo is very useful, cardiac MRI or CT could provide 
more accurate information on the volume, presence of clot 
and the extent of the aneurysm.

SPECT Myocardial Perfusion Imaging

Stress SPECT is the most commonly performed stress test in 
the Medicare population for the diagnosis of CAD and assess-
ment of patients with CAD. In patients without known CAD, 
exercise gated SPECT has been shown to have a high sensitiv-
ity (87%) and specificity (73%) for the detection of clinically 
significant coronary stenosis [40]. The diagnostic accuracy of 
pharmacological stressors is well validated and similar to 
exercise MPI. These values are derived in  populations with 

mean age between 50 and 60 most of whom have abnormal 
images and have been referred for early coronary angiogra-
phy. Data in elderly patients has been limited.

More importantly, gated SPECT has been shown to be a 
powerful clinical risk assessment technique to stratify indi-
viduals based on future hard cardiovascular events, such as 
cardiac death and nonfatal myocardial infarction. The prog-
nostic value has been shown to be incremental to that 
obtained from clinical data, exercise treadmill testing, and 
angiographic data [41]. Intermediate risk patients with nor-
mal SPECT study, have an excellent prognosis with a 0.6% 
per year risk for death or nonfatal myocardial infarction [42]. 
In the elderly, a normal SPECT has also been shown to carry 
an event rate of <1% [43]. This low event rate approaches 
that of normal age-matched population and those patients 
with normal coronary angiograms. This excellent survival 
rate has also been noted in male and female subsets and 
regardless of stress modality (exercise vs. pharmacologic), 
pharmacological stress agent (dipyridamole, adenosine, or 
dobutamine/atropine), isotope (thallium 201, technetium 
99m sestamibi, Tc-99m tetrofosmin) or imaging protocols 
employed. Furthermore, this benign prognosis persists in 
patients with positive exercise ECG’s. Thus, although 
obstructive coronary disease may be present, normal perfu-
sion findings reveal that the disease is not flow-limiting, and 
that it is not prognostically significant. The prediction of a 
low risk outcome has been shown to extend approximately 2 
years after testing [44]. Higher risk patients, such as those 
with known coronary disease or those with CAD risk equiva-
lents (diabetes, peripheral arterial disease, renal insuffi-
ciency), have slightly higher risk (<2%) despite a normal 
perfusion study due to greater disease burden and more 
comorbidities.

Fig. 13.5 (a) Preoperative echo with contrast of a large apical-mid LV aneurysm. (b) Echo after aneurysmectomy and repair
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Abnormal SPECT studies are associated with a 12-fold 
increased risk for death or myocardial infarction with a mean 
annual event rate between 6 and 8% [42] (Fig. 13.6). It has 
been shown that the extent and severity of the perfusion 
defect during stress directly correlates with prognosis and is 
incremental to clinical and exercise variables. As the number 
of ischemic segment (jeopardized myocardium) or severity 
of defect increases, hard cardiac events progressively increase 
[45]. The type of defect also has important prognostic impli-
cations. Reversible (ischemic) defects are more associated 
with ischemic events whereas fixed perfusion defects pro-
vide a better estimation of cardiac death and CHF [46]. Other 
high risk findings on SPECT images correlating with exten-
sive CAD and elevated event rates include post stress LV 
cavity dilation (transient ischemic dilation), increased lung 
uptake of Tl-201 radiotracer, large perfusion defects, multi-
vessel perfusion defects, larger ventricular volumes, exercise 
induced LV dysfunction (LVEF <35%) and resting LV dys-
function. Furthermore, ECG gating during acquisition of 
perfusion images allows further diagnostic accuracy and 
prognostication by obtaining functional information (vol-
umes, wall motion and thickening, and ejection fraction). 
Studies have shown that gated SPECT evaluation of resting 
and post stress LV ejection fraction has incremental prognos-
tic value to perfusion images alone by demonstrating that 
lower ejection fraction values (<45%) are associated with 
higher event rates [47].

SPECT can also accurately define risk and guide thera-
peutic decision making in stable survivors of AMI. The 
INSPIRE results established that the scintigraphic variables 
of total and ischemic PDS significantly improved the preci-
sion for assessing risk beyond that provided by the TIMI risk 
score alone or when combined with LVEF [48]. Overall car-
diac death/reinfarction event rates significantly increased 
across INSPIRE risk groups based on perfusion defect sizes 

from low (5.4 and 1.8%) to intermediate (14.0 and 9.2%) to 
high (18.6 and 11.6%), respectively. The perfusion results 
significantly improved risk stratification beyond that pro-
vided by clinical and ejection fraction variables.

The accurate identification of the high risk patient allows 
the opportunity to improve prognosis by considering aggres-
sive individualized medical or surgical interventions directly 
proportional to the level of risk. Information is now available 
showing that more extensive ischemia by SPECT identifies 
patients in whom revascularization will lead to an improvement 
in outcome. In an observational group of 10,000 patients 
studied with stress SPECT, revascularization improved short 
term survival in individuals with inducible ischemic myocar-
dium of greater than 10% compared to medical therapy [49]. 
As the percentage of ischemic myocardium increased, the 
magnitude of benefit from revascularization increased as 
well. Also, the nuclear substudy of the COURGAGE trial 
recently demonstrated that patients with ischemia reduction 
by revascularization and medical therapy had lower unad-
justed risk for death or myocardial infarction, particularly if 
baseline ischemia was moderate to severe [50]. In the absence 
of ischemia and those with chronic LV dysfunction, the pres-
ence of myocardial viability needs to be evaluated prior to 
considerations for revascularization.

Nuclear cardiac imaging, with positron emission tomog-
raphy (PET) or SPECT, is frequently a top choice for viabil-
ity assessment in patients with CAD and significant LV 
dysfunction. PET techniques evaluate both myocardial per-
fusion and myocyte glucose metabolism. Viability is present 
when there is a mismatch present, with reduced myocardial 
blood flow at rest but enhanced myocardial glucose metabo-
lism relative to blood flow. SPECT with either thallium-201 
or technetium 99m, on the other hand, evaluate cell mem-
brane integrity by measuring the amount of tracer uptake by 
living myocardium. The magnitude of tracer uptake reflects 

Fig. 13.6 Abnormal exercise SPECT showing ischemia in the RCA distribution. There is decreased perfusion in the stress images in the inferior 
and inferolateral walls when compared to normal resting perfusion. Total ischemic burden was 22%
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the magnitude of preserved tissue viability. Compared to 
dobutamine echocardiography, nuclear techniques tend to 
have a higher sensitivity but lower specificity for prediction 
of recovery of regional contractile function [51].

Detecting preserved myocardial viability in patients with 
CAD and significant LV dysfunction using noninvasive 
imaging techniques prognosticates a patient population at 
substantial risk of death. This risk has been shown to be sig-
nificantly reduced by successful revascularization. A recent 
meta-analysis demonstrated improved survival in individuals 
with viable myocardium who undergo revascularization as 
opposed to continued medical therapy [52]. The highest 
mortality rates were noted in viable patients receiving medi-
cal therapy. There was no apparent outcome benefit of revas-
cularization in the absence of demonstrated viability, with a 
trend toward higher mortality with revascularization. The 
magnitude of the potential reduction in mortality increased 
as the severity of LV dysfunction increased. In general, no 
significant differences exist between nuclear techniques in 
predicting prognostic benefit with revascularization. A ran-
domized trial comparing viability as demonstrated by FDG 
PET or Tc-99m sestamibi SPECT showed equivalence by 
demonstrating no difference between the groups in the pro-
portion of patients sent for revascularization or in 2-year 
event-free survival [53].

Multislice Computed Tomography  
and Magnetic Resonance Imaging

Cardiac CT is increasingly used to detect IHD by noninva-
sively visualizing the coronary arteries with high resolution. 
The technique allows the direct anatomic assessment of the 
coronary arteries vessel lumen and arterial wall) rather than 
relying on their functional consequences. A recent multi-
center trial demonstrated on a per-patient basis showed an 
outstanding sensitivity (95%) and specificity (83%) for the 
detection of coronary stenosis >50% by invasive angiography 
in patients with chest pain [54] (Fig. 13.7). Most important, 
investigations performed with current generations of multide-
tector CT scanners have consistently reported high negative 
predictive values that approach 100%. This allows reliable 
exclusion of significant coronary artery stenosis following a 
normal or near-normal noninvasive coronary CT angiogram 
effectively obviating further testing and predicting excellent 
prognosis [55] (Fig. 13.8). Other useful applications of car-
diac CT in IHD are to assess cardiac morphology, LV vol-
umes and ejection fraction, segmental wall motion, patency 
of coronary artery bypass grafts and coronary stents, LV 
aneurysms, intracardiac thrombi, and arterial mapping prior 
to repeat cardiac surgical revascularization. Newer applica-
tions include stress MPI for ischemia detection and delayed 

enhancement imaging for nonviable myocardium. Significant 
drawbacks to the elderly with Cardiac CT are the use of iodi-
nated contrast dye in those with renal insufficiency and radia-
tion exposure. These are being increasingly addressed with 
newer generation scanners and imaging protocols. Other lim-
itations include limited lumen visualization in densely calci-
fied or stented segments due to blooming artifact, evaluation 
of small caliber vessels, excessive image noise in obese 
patients, and motion artifact from patients unable to remain 
motionless or perform the 10–15 s breath hold.

Cardiac MR is powerful imaging technique which may 
provide a comprehensive evaluation of IHD. Apart from pro-
viding valuable information on cardiac morphology and 
regional and global systolic function, its usefulness is further 
demonstrated by its ability to both detect ischemia and also 
assess the size and severity of myocardial infarction. 
Detection of obstructive CAD is best performed by assessing 
myocardial perfusion reserve with adenosine stress perfu-
sion CMR combined with delayed enhancement imaging. 
The technique visualizes myocardial hypoperfusion by eval-
uating the initial first-pass transit of gadolinium through the 
LV myocardium during vasodilation, and detects myocardial 
infarction with late gadolinium hyperenhancement. The 
diagnostic performance has been impressive with a sensitiv-
ity of 89% and specificity of 87% for the diagnosis of CAD, 
with coronary stenosis greater than 70% or left main disease 
greater than 50% [56] (Fig. 13.9). CMR imaging recently 
has shown robust prognostication for patients who present 
with symptoms of ischemia. Patients with neither a revers-
ible perfusion defect nor delayed enhancement have a 98.1% 
negative annual event rate for death or MI [57]. Contrast 
enhanced CMR also generates a complete assessment of 

Fig. 13.7 A 70–90% noncalcified stenosis in the proximal LAD 
detected by cardiac CT in an acute chest pain patient. Invasive angiog-
raphy demonstrated an 80% stenosis with successful PCI
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myocardial viability. With infarction, gadolinium concen-
trates in the region of the collagenous. The transmural extent 
of delayed gadolinium enhancement in patients with acute or 
chronic CAD predicts the improvement in contractile func-
tion after coronary revascularization. The likelihood of 
improvement in regional contractility after revascularization 
of dysfunctional myocardium decreases progressively as the 
transmural extent of hyperenhancement before revascular-
ization increases [58]. Further adding contractile reserve 
assessment with low dose dobutamine, as is performed with 
echo, has been shown to be additive to the predictive value of 
late gadolinium hyperenhancement in predicting recovery of 

LV function [59]. The importance of identifying viable 
 myocardium is evident from studies that have demonstrated 
improved survival with revascularization compared to con-
tinued medical therapy in patients with viable but dysfunc-
tional myocardium [52]. Finally, CMR has potential uses in 
the post MI setting other than infarct detection including 
evaluation of microvascular obstruction, myocardial edema, 
and thrombus formation (Fig. 13.10).

Congestive Heart Failure

With more than 1 million annual hospital admissions and the 
leading Medicare billing code, the syndrome of HF is all too 
prevalent in today’s medical landscape [60]. Ever since the 
CASS trial first demonstrated the benefits of coronary revas-
cularization in ischemic cardiomyopathy, today’s cardiac sur-
geon is frequently operating on patients with reduced ejection 
fractions [61]. This is likely to increase further given our 
aging population, more patients surviving myocardial infarc-
tions, and increased patient loads on cardiac transplant lists.

Cardiac imaging has become indispensable for the evalua-
tion of HF and for guiding clinical decision-making. Important 
clinical information gathered to determine prognosis and 
guide appropriate medical, device or surgical management 
include detection and confirmation (systolic or diastolic HF), 
mechanism of HF (ischemic, valvular, pericardial, infiltrative, 
other), severity (ejection fraction, morphology, determination 

Fig. 13.8 (a) Cardiac MDCT of a 68 years woman with chest pain and left atrial myxoma (arrow) located in the interatrial septum. (b) Pre operative 
coronary CTA showed non obstructive calcific plaque in the distal LM. Invasive angiogram was avoided

Fig. 13.9 Stress induced perfusion abnormality in the anterior and 
anteroseptal walls with adenosine stress MRI and first pass perfusion 
imaging
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of filling pressures), and concomitant complications (left 
 ventricular hypertroph [LVH], pulmonary hypertension, 
mitral insufficiency, RV function) [62]. Both inexpensive and 
ready availability, echocardiography is the generally the most 
useful initial test for clinical assessment. Apart from evaluat-
ing morphology, cardiac function, and presence of valvular 
disease, it uniquely evaluates diastolic function and provides 
estimates of intra-cardiac filling pressures. Echo results fre-
quently tailor the use of other imaging procedures to address 
specific questions. A comprehensive CMR examination takes 
advantage of varied imaging sequences to help identify and 
evaluate the underlying etiology of HF by determining car-
diac chamber morphology and biventricular function, quanti-
tating volumes, assessing the severity of valvular stenosis and 
regurgitant insufficiency, and acquiring late gadolinium 
enhanced images for fibrosis detection [63]. Gadolinium late-
enhancement CMR further provides the opportunity to pre-
dict functional recovery with revascularization by accurately 
identifying viable myocardium (ischemic or hibernating) 
from infarcted or fibrosed myocardium. When evaluating for 
the presence of IHD in HF, nuclear MPI techniques can iden-
tify stress-induced reduction of coronary flow reserve, 
whereas cardiac CT provides the ability to noninvasively per-
form accurate coronary angiography.

Assessment of LV Systolic Function

The assessment of LV systolic function, by determining the 
ejection fraction (LVEF), in patients with HF is essentially 
due to its significant therapeutic implications. The so called 

diastolic CHF or HF with HF with normal EF (HFNEF) is 
much more prevalent in the elderly, and therapy differs from 
those with depressed LV function. Virtually all imaging 
modalities can assess the LV function and dimension, but 
echo is usually the first test of choice followed by CMR.

Etiology of Systolic Heart Failure

After assessment of LV systolic function by echo, an under-
lying etiology is generally sought. CAD is the number one 
cause of depressed LV function accounting for approximately 
¾ of cases and determination of coronary anatomy is often 
mandatory. Patient with CAD and ischemia can present with 
HF without concomitant angina. Both nuclear imaging using 
SPECT or PET or stress echo provide indirect evidence of 
the underlying etiology. The presence of significant revers-
ible/fixed perfusion defect on nuclear stress testing or rest-
ing/induced wall motion abnormality on stress echo are 
markers of CAD. On the other hand, more homogenous 
tracer uptake or wall motion at rest and with stress usually 
point to a nonischemic etiology. Although invasive angiogra-
phy remains the gold standard for establishing ischemic vs. 
non ischemic etiology of CHF, non invasive coronary CTA 
with MDCT has been shown to be very useful as well. The 
absence of significant stenosis with coronary CTA essentially 
rules out CAD as the cause of depressed LV function [64].

After exclusion of CAD as the cause of CHF, other non 
ischemic etiologies of HF can be readily assessed with imag-
ing. Presence of hypertension is readily available by history, 
but echo and MRI can provide the degree of LV hypertrophy 

Fig. 13.10 Large apical 
aneurysm demonstrating 
transmural infarction on 
delayed hyperenhancement 
and evidence of mural 
thrombus
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and remodeling. The presence of VHD can be readily evalu-
ated by echo or MRI. Infiltrate cardiomyopathy and pericar-
dial disease are best assessed with combination of echo and 
cardiac MR or CT (Fig. 13.11).

Nuclear and ECHO for Viability

It is well known that patients with chronic LV dysfunction 
secondary to CAD often improve their EF after restoration of 
blood supply, namely the concept of myocardial viability. 
After determination of coronary anatomy and the presence or 
absence of ischemia, the evaluation of myocardial viability is 
essential for prognosis and guiding the need for revascular-
ization vs. continued medical therapy. This information is 
crucial especially in the elderly as surgical risk increases sig-
nificantly with age. Pooled observational studies suggest the 
benefits of revascularization on cardiac outcomes are signifi-
cantly greater in the presence of ischemia and myocardial 
viability [51].

Both stress nuclear imaging using SPECT or PET and dob-
utamine stress echo not only can determine presence of isch-
emia, but they can also provide information on viability. The 
diagnosis of myocardial viability with nuclear technique 
requires myocardial cells with intact cell membranes, 
(Thallium-201 SPECT imaging), mitochondria (Tc-99m ses-
tamibi or tetrofosmin SPECT imaging), or preserved metabo-
lism (PET with F-18 deoxyglucose) to take up different 
radioisotope tracers. In general, with stress Thallium-201 or 
Tc-99m imaging, presence of inducible ischemia (reversible 
defect) implies a high likelihood for functional improvement 

whereas fixed defects of only mild-to-moderate severity using 
quantitative methods have only an intermediate chance of 
functional recovery (Fig. 13.12). Nitrate administration has 
been shown to improve detection of viable myocardium. With 
PET, evidence of enhanced FDG uptake in segments of 
decreased blood flow (known as a “mismatch”) predicts a 
high probability of functional improvement following revas-
cularization. For assessment with echo, there should be enough 
viable cells to respond to inotropic stimulation (contractile 
reserve assessed by dobutamine echo or MRI) or the presence 
of microvascular integrity (myocardial CE). With low dose 
dobutamine infusion, dysfunctional segments with enough 
viable cells improve in contractility. Similar to radionuclide 
imaging, the presence of inducible ischemia or a biphasic 
response with stress echo (improvement of contractility with 
low dose dobutamine but worsening at higher doses) implies a 
high likelihood for functional improvement [65].

Clinical studies have shown that the presence of viability 
by either nuclear imaging or stress echo is an important predic-
tor of probability and magnitude for the regional /global func-
tion and symptom improvement after revascularization. 
Overall, the nuclear technique is more sensitive or has a higher 
negative predictive value, whereas contractile reserve assess-
ment (dobutamine echo) is more specific or has a higher 
 positive predictive value in predicting recovery [66]. This  
is probably due to a contractile response to dobutamine 
which might require greater than 50% viable myocardial cells 
in a given segment. In comparison, radionuclide MPI can 
 identify segments with fewer viable myocytes and is, therefore, 
more sensitive among segments with 25–50% viable myocar-
dium [67]. Use of quantitation with radionuclide MPI improves 
the prediction of viability. A segment with higher counts  

Fig. 13.11 (a) Echo images of a patient with cardiac amyloidosis. Noted the biventricular hypertrophy with pericardial effusion. (b) Restrictive 
pattern on mitral inflow
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is more likely to improve function after  revascularization. 
For either technique, detection of ischemia (reversible perfu-
sion defect or inducible wall motion abnormality) increases 
significantly the positive predictive value for functional recov-
ery. Other simple negative predictor for functional recovery is 
an end-diastolic wall thickness £6 mm on resting echo.

CMR for Viability

The role of CMR in evaluation of patients with CHF is mul-
tifaceted. In patients with ischemic HF, CMR is useful in the 
assessment of myocardial viability, and for prediction of the 
likelihood of functional improvement after revascularization. 
This is performed utilizing a technique called Delayed-
enhancement (DE-CMR) which is a relatively simple proce-
dure that can be performed in a single brief examination, 
requires only a peripheral intravenous catheter, and does not 
require pharmacologic or physiologic stress (Fig. 13.13) 5-to 

10-min after the intravenous administration of gadolinium, 
delayed enhancement images encompassing the entire heart 
are obtained using a segmented inversion-recovery gradient 
echo sequence [26]. Each delayed enhancement image is 
acquired during an 8- to 10-s breath hold, and the imaging 
time for the entire examination is generally 45–60 min. 
Figure 13.14 demonstrates cine and DE-CMR images from a 
typical patient scan.

Fig. 13.12 Resting Thallium (top) and 4 h redistribution (bottom) of the same patient from Fig. 13.3 showing evidence of viability in all three 
coronaries distribution

Fig. 13.13 Overall sequence of events for performing infarction/via-
bility imaging. IV intravenous
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The transmural extent of infarction (TEI), as evident on 
DE-CMR, has been shown to be a powerful predictor of con-
tractile response to revascularization and medical therapy. 
DE-CMR-evidenced TEI has been shown to predict response 
to myocardial revascularization in patients who have estab-
lished coronary artery disease. This concept was demonstrated 
by Kim et al. [58], who performed cine and DE-MRI in con-
secutive patients who had LV dysfunction prior to surgical or 
percutaneous revascularization. The likelihood of functional 
improvement was inversely related in a progressive stepwise 
fashion to TEI. Among all dysfunctional segments, the pro-
portion of segments with improved contractility decreased as 
TEI increased (P < 0.001), see Fig. 13.15. When volume of 
dysfunctional but viable myocardium was calculated on a per-
patient basis, this parameter predicted the magnitude of 
improvement in LV function following revascularization, as 
measured by mean wall motion score and ejection fraction 
(P < 0.001 for both). Similarly, in a patient cohort that had 
more severe LV dysfunction (mean LVEF, 28 ± 10%), 
Schvartzman et al. [68] demonstrated an inverse relationship 
(P < 0.002) between TEI and postrevascularization functional 
recovery. These data demonstrate that there is a progressive 
relationship between the likelihood of contractile response to 

revascularization and the TEI, as evidenced by DE-CMR. 
Thus, use of a single cutoff value on which to base predictions 
of functional improvement would not have a physiologic basis 
and would be suboptimal. The ability to grade myocardial 
viability as a continuum rather than in a binary fashion is one 
of the greatest strengths of DE-CMR, and highlights an impor-
tant advantage of DE-CMR over other imaging modalities 
used to assess viability. Myocardial regions are not interpreted 
in a binary fashion as viable or nonviable; rather, the transmu-
ral extent of viable and infarcted myocardium is directly visu-
alized. Knowledge of infarct transmurality can then be used to 
predict functional improvement more accurately, and can also 
be used to understand the underlying physiology of functional 
response to coronary revascularization.

Diastolic Heart Failure (DHF) or “Heart Failure 
with Normal Ejection Fraction” (HFNEF)

Diastolic heart failure (DHF) or “heart failure with normal 
ejection fraction” (HFNEF) is very common in the elderly, 
and is associated with increased morbidity and mortality. 

Fig. 13.14 Images from a typical patient scan. Cine and delayed-
enhancement images are acquired at 6–8 short-axis locations and at two 
to three long-axis locations during repeated breath holds. Images are 
interpreted with the cine images (cine-CMR) immediately adjacent to 

the delayed-enhancement images (DE-CMR). In this patient example, 
DE-CMR demonstrates transmural myocardial infarction involving the 
inferior and inferolateral walls of the left ventricle (red arrows). 
Reprinted with permission from Shah and Dela Cruz [123]
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Among patients with HF symptoms, over half have a normal 
or near normal left ventricular ejection fraction (LVEF > 50%) 
[69]. Frequent causes of DHF in the elderly include hyperten-
sion with LVH, CAD, VHD and, less commonly, pericardial 
disease, hypertrophic, infiltrative, or restrictive cardiomyopa-
thies. Interestingly, asymptomatic diastolic dysfunction is 
much more common than symptomatic CHF. To some extent 
this is associated to normal aging, but it is often worsened by 
concomitant diseases. The impaired myocardial relaxation, 
decreased LV compliance and impaired filling make them 
poorly tolerant to perioperative tachycardia and volume chal-
lenge. Therefore, many of the elderly can become symptom-
atic during or after undergoing surgical procedures.

Although certain clinical findings are associated with 
DHF, none is reliably accurate. Therefore, the diagnosis of 
DHF in patients who have symptoms of HF requires the 
measurement of a normal or near normal LVEF by echocar-
diography. Other valuable information obtained from 
echocardiography in the assessment of diastolic function 
includes the evaluation of LV volumes, LV wall thicknesses 
for LVH, left atrial size/volume, and pulmonary artery pres-
sures. Patients with DHF frequently have normal or small LV 
size, LVH, LA enlargement and pulmonary hypertension. 

Doppler indicators of diastolic function and LV filling 
dynamic include patterns of transmitral Doppler inflow 
velocity, mitral annulus Tissue Doppler velocities, color 
M-mode flow propagation velocity (V

p
) and pulmonary 

venous (PV) flow [70].
The recommended grading of diastolic dysfunction is 

mild (grade I), moderate (grade II), or severe (grade III). 
A decreased early diastolic filling velocity (E), increased late 
diastolic filling velocity (A) or decreased E/A ratio, together 
with prolonged isovolumetric relaxation time on mitral 
valve inflow is suggestive of impaired LV relaxation pattern 
(grade I). A predominant systolic flow is also seen in PV 
flow. An increased E/A ratio and shortened deceleration time 
(DT) or restrictive pattern is seen in patients with reduced LV 
compliance and elevated left atrial pressure (grade III). On 
the other hand, a normal E/A ratio or isovolumetric relax-
ation time do not indicate automatically a normal diastolic 
function. Use of other major Doppler innovation such as tis-
sue Doppler imaging allows more accurate estimate of dia-
stolic function. A decreased mitral annulus velocity (e¢) in 
the setting of a normal E/A ratio or isovolumetric relaxation 
time suggest a pseudo normal pattern which is especially fre-
quent in elderly (grade II) (Fig. 13.16).

Fig. 13.15 Relation between the transmural extent of hyperenhancement 
before revascularization and the likelihood of increased  contractility 
after revascularization. Data are shown for all 804  dysfunctional  
segments and separately for the 462 segments with at least severe 
hypokinesia and the 160 segments with akinesia or  dyskinesia before 

revascularization. For all three analyses, there was an inverse relation 
between the transmural extent of hyperenhancement and the likelihood 
of improvement in contractility. Reproduced with permission from 
Kim et al. [58]. © 2000 Massachusetts Medical Society. All rights 
reserved
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Assessment of LV Filling Pressure

Knowledge of LV filling pressures is important in differenti-
ating between cardiac and non cardiac causes of dyspnea. 
A comprehensive echo/Doppler assessment in conjunction 
with mitral valve inflow Doppler data, tissue Doppler imag-
ing or flow propagation velocity allows fairly accurate non-
invasive estimates of LV filling pressures. Echocardiography 
can potentially obviate the need for risky invasive cardiac 
catheterization or placement of a Swan-Ganz catheter. 
Noninvasively derived data can therefore potentially guide 
the administration of diuretic therapy or IV fluids in postop-
erative patients.

Multiple studies have shown that including ratio between 
early diastolic filling velocity (E) and mitral annulus velocity 
(e¢) or E/e¢ and V

p
 (E/V

p
) correlates well with pulmonary cap-

illary wedge pressure obtained invasively [71]. In those with 
depressed LVEF, increased E/A ratio, shortened DT, S/D 
ratio <1 in PV flow, E/e¢ > 15 and E/V

p
 > 2.5, point to increased 

filling pressures. On the other hand, the ratio between early 

diastolic filling velocity (E) and mitral annulus velocity (e¢) 
appears to be the most useful indicator of filling pressures in 
those with normal LVEF [72]. Recently, the application of 
these echo index has been shown to be very promising in 
improved clinical outcome in management of patients with 
HF [73].

Valvular Heart Disease

VHD must be suspected in older patients presenting with a 
murmur and symptoms of dyspnea, angina or syncope. 
Population bases studies indicate that the frequency of mod-
erate or severe cardiac valve disease increases dramatically 
with age, rising from a prevalence of 8% at age 65 to 13% by 
age 75, and frequently require medical and surgical evalua-
tion [74]. Underlying this trend is the fact that most valve 
disease of the elderly is degenerative, and relates to a slow 
process of valve leaflet thickening and calcification with a 

Fig. 13.16 Mitral Inflow and pulse wave tissue Doppler (TD) of the 
lateral mitral annulus of two elderly patients. Notice the E/A ratio of 
both patients were quite similar but the Ea is much lower and E/E Ea 
ratio much higher in patient A consistent pseudonormal pattern of 
 diastolic dysfunction. Patient A (a. mitral inflow; c. TD) is 67 years old 

with hypertension,  moderately enlarged left atrium and the PASP of 
around 55 mmHg. Conversely patient B (b. mitral inflow; d. TD) is 72 
years old with no other risk factors. Her left atrial size was normal and 
estimated PASP was 25 mmHg
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gradual loss of leaflet mobility and function. From recent 
reports, it is estimated that in those over age 75, the preva-
lence of significant aortic valve disease is 5% and significant 
mitral valve disease is 9.5% [74]. The identification and 
quantification of VHD in the elderly is particularly impor-
tant because the symptoms of significant valve dysfunction 
may be difficult to discern from the expected functional 
decline of aging.

Apart from a thorough history and physical exam, cardiac 
imaging remains essential for diagnosis and periodic assess-
ment of patients with VHD. Widely available in physician 
practices and inexpensive, echocardiography (2D or 3D) 
with Doppler is the primary imaging modality used by clini-
cians both for initial assessment and for longitudinal follow 
up. The evaluation of valvular lesions should characterize 
the morphology of the valvular apparatus; define the mecha-
nism of the defect; include an assessment of the severity; 
demonstrate any resultant structural and functional changes 
to the cardiac chambers; assess hemodynamics; and pulmo-
nary artery pressures. Serial exams are further helpful for 
guiding clinical decision making when assessing for changes 
in valvular stenosis or regurgitant severity, LV function, and 
measurements of end-systolic and end-diastolic dimensions. 
In some instances, body habitus or the presence of coexisting 
lung disease may result in suboptimal acoustic windows on 
echocardiography. Additionally, in some patients, informa-
tion from clinical history and physical examination or other 
diagnostic tests may be discordant with echocardiographic 
findings. In these instances, there is a significant clinical role 
for Cardiac MRI. CMR has been proven to be beneficial 
when accurate and reproducible measurements of chamber 
dimensions and biventricular function are needed, or to pro-
vide a quantitative measurements of valve stenosis and regur-
gitation (including regurgitant volume and fraction) based on 
the volumetric method [75].

Useful guidelines exist to appropriately guide the proper 
timing of surgical therapy before valvular disease is severe 
enough to result in hemodynamic dysfunction or sudden 
death. In general, patients with stenotic valvular lesions can 
be monitored clinically until symptoms appear. Patients with 
regurgitant valvular lesions, conversely, require careful mon-
itoring of LV function and may require surgery if LV dys-
function exists despite the absence of symptoms [76]. Of 
course, the decision to proceed with surgery frequently 
depends on many other concomitant factors such as underly-
ing co-morbidities, and the patient’s own wishes and expec-
tations. With accurate serial noninvasive evaluation, improved 
valve technology, and sophisticated surgical techniques, 
valve repair or replacement is now technically possible at 
any age, and the morbidity and mortality in elderly patients 
with VHD has significantly decreased [77].

Unfortunately, the rise in degenerative valvular disease, 
placement of prosthetic valves and intravascular devices, and 
increased exposure to nosocomial bacteremia have resulted 

in increased incidence of native and prosthetic valve  infective 
endocarditis [78]. A potentially devastating illness, diagnosis 
is based on the Duke’s criteria ,whose major criteria include 
echocardiographic evidence of endocardial involvement and 
persistent bacteremia [79]. Furthermore, echocardiography, 
including transesophageal echo, has proved indispensable in 
the serial assessment of hemodynamics, measurement of 
vegetation size for embolic risk, and detection of dehiscence 
of a prosthetic valve and invasive perivalvular complications 
such as myocardial abscesses, fistulas, or pseudoaneurysms. 
Since most CMR imaging is performed in a segmented 
 fashion (e.g. images generated by summation of multiple 
cardiac cycles during breath holding) it is suboptimal for 
detection of small and rapidly mobile vegetations as occur in 
endocarditis. Therefore, CMR has limited value in detection 
of valvular vegetations. CMR can play an important role in 
identification of paravalvular abscesses or pseudoaneurysms 
especially of the aortic root or ascending aorta [80] 
(Fig. 13.17).

Aortic Stenosis

Aortic stenosis (AS) is the most common valve pathology in 
the elderly. In general, echocardiography is the most fre-
quently used imaging modality to evaluate a murmur or for 
preoperative screening. When the aortic valve is mildly 
thickening, but does not cause obstruction the valve can be 
described as sclerotic. When a thickened valve demonstrates 
reduced motion of the cusps and a trans-valvular pressure 
gradient, the valve is described as stenotic. If AS becomes 
severe it is usually in the 7th or 8th decade. Patients with a 
congenital bicuspid aortic valve often undergo accelerated 
degeneration of the abnormal cusps, and may develop AS in 
the 5th or 6th decade. Using Doppler echocardiography 
tools, severe AS is defined as a calculated valve area less 
than 1.0 cm2. In the setting of normal LV systolic function, 
severe AS increases outflow velocity to >4 m/s and creates a 
mean transvalvular pressure gradient of at least 40 mmHg 
[77, 81]. When significant LV systolic dysfunction is also 
present (LV EF < 30%), the identification of severe AS can 
be more challenging since the total flow across the valve is 
reduced (as are velocity and pressure). In this setting, the 
quantification of AS severity is more reliant upon the esti-
mated measure of valve area. This condition of low flow-low 
gradient AS is best evaluated by dobutamine stress echocar-
diography (or stress cardiac MRI) to assess the performance 
of the valve under augmented flow conditions.

CMR is also able to provide several useful pieces of infor-
mation in the evaluation of AS: peak antegrade velocity, pres-
sure gradient, valve area, ventricular function, and  ventricular 
viability. A number of validation studies have been performed 
over the past two decades, demonstrating a good correlation 
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between continuous-wave Doppler derived velocity and 
 pressure gradient and CMR [82–85]. Although CMR had a 
tendency to slightly underestimate peak velocity, likely due to 
partial volume averaging within the vena contracta (VC), this 
limitation can generally be overcome with use of thin imaging 

slices, or with newer 3D phase contrast pulse sequences which 
are under development. Additionally, CMR was shown to have 
high reproducibility which makes it optimal for serial follow 
up of patients with AS who are being followed serially [83, 
85]. Due to its high signal-to-noise characteristics and superior 
blood-to-myocardium contrast, CMR, in addition, is an excel-
lent technique for direct planimetry of the anatomic orifice 
area of a stenotic aortic valve. Numerous studies have shown a 
high level of correlation with TEE. An example of direct pla-
nimetry of a stenotic aortic valve is demonstrated in Fig. 13.18. 
It is important to keep in mind however that anatomic orifice 
area is different that physiologic valve area, which correlates 
better with clinical outcome [86]. Although there is limited 
available data on comparison of physiologic valve area between 
CMR and echocardiography (utilizing continuity equation), 
the approach is feasible by CMR and does appear to have good 
correlation with echocardiography [85].

Aortic Regurgitation

As the aortic valve ages it can thicken and develop focal or 
generalized calcification. These degenerative changes can 
affect the coaptation of the cusps in diastole and cause a mild 
degree of aortic regurgitation (AR) which is common in the 
elderly. When aortic root dilatation is also present (usually as 
a consequence of longstanding hypertension), the AR can be 
more severe. Endocarditis can also cause varying degrees of 
AR either by obstruction of cusp closure or direct tissue 

Fig. 13.17 Patient with aortic root pseudoaneurysm. Mechanical 
 aortic valve with adjacent pseudoaneurysm cavity in the aortic root. 
This is most commonly a consequence of infection although it can 

occasionally occur in the absence of infection and tends to be associ-
ated with aortic calcifications or chronic hypertension

Fig. 13.18 Direct planimetry of aortic valve. Patient with aortic steno-
sis. Direct planimetry of aortic valve orifice area suggests severe aortic 
stenosis with planimetered valve area of 0.9 cm2. LA left atrium;  
RA right atrium; RV right ventricle
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destruction. The goals of any imaging technique are to 
 identify the mechanism of valve dysfunction, then to quan-
tify the degree of dysfunction. Echocardiography is often the 
first and only imaging test required. Features of chronic 
severe AR include a dilated LV often with normal (or near 
normal) systolic function, a wide regurgitant jet by color 
Doppler imaging, a rapid diastolic pressure drop across the 
aortic valve (pressure half-time <200 ms) measured by CW 
Doppler, and evidence of diastolic flow reversal within the 
aortic arch or descending aorta (measured by spectral or 
color Doppler imaging) [77, 87] (Fig. 13.19).

When the image quality by echocardiogram is subopti-
mal, or when significant thoracic aorta disease is suspected, 
cardiac MRI can also provide a very thorough evaluation of 
AR mechanism and severity. Utilizing phase contrast flow 
mapping techniques, CMR has been shown to be highly reli-
able at directly quantifying both antegrade and retrograde 
flow across the aortic valve as is shown in Fig. 13.20. The 
retrograde flow represents the volume or AR, whereas 
the antegrade flow represents total forward volume across 
the aortic valve. The aortic regurgitant fraction can be calcu-
lated from dividing the aortic regurgitant volume by the total 
aortic forward volume. Numerous studies have demonstrated 
a high correlation between CMR assessment of regurgitant 
volumes and regurgitant fraction with values obtained either 
by echocardiography or catheterization [86, 88–90]. In addi-
tion to quantification of aortic insufficiency severity, CMR 
can provide a reliable quantification of LV and RV volumes 
and ejection fraction. Lastly, CMR can clearly delineate 

morphology of the aortic valve (i.e., bicuspid or trileaflet) 
and provide insights into the mechanism of the aortic insuf-
ficiency, and provide reliable measures of aortic root and 
thoracic aortic dimensions. These measures can be very use-
ful in planning surgical procedures.

Mitral Stenosis

Worldwide the most common cause of mitral stenosis (MS) 
is rheumatic heart disease which is associated with gradual 
fusion of the anterior and posterior mitral leaflets along the 
commissural regions. However in western nations the inci-
dence of rheumatic fever has been steadily declining for 
many years [91]. Now the most common cause of MS in the 
elderly is the combination of annular calcification and leaflet 
thickening (senile degeneration). Typically, the elderly 
develop only mild MS by this mechanism; however in rare 
cases with severe annular calcification the MS can be hemo-
dynamically significant. Echocardiography is used to char-
acterize the mitral valve morphology, leaflet motion and 
Doppler-defined transvalvular diastolic gradient. Mild, mod-
erate and severe MS are categorized by mean gradients of 
<5, 5–10, and >10 mmHg as well as by calculated valve 
areas of >1.5, 1.0–1.5 and <1.0 cm2 respectively [77]. 
Although relatively rare in the elderly, severe MS is usually 
accompanied by severe left atrial enlargement and pulmo-
nary hypertension.

Fig. 13.19 Aortic regurgitation in 79 years old male. Color Doppler 
echocardiography demonstrates significant aortic valve regurgitation 
(a). Pulse wave Doppler (b) confirms moderate regurgitation with 

 holodiastolic flow reversal (colored arrow) within the aortic arch.  
AV aortic valve; LA left atrium; LV left ventricle
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Mitral Regurgitation

The mitral valve is a complex apparatus that requires the 
coordinated function of anterior and posterior leaflets, chor-
dae tendinae, annular folding and papillary muscle tension. 
Mitral regurgitation (MR) is a common condition in the 
elderly because each of these component structural elements 
is prone to degenerative changes (Fig. 13.21). By conven-
tion, MR is classified as organic when imaging studies iden-
tify structural changes of the leaflets or chordae tendinae. 
These changes include leaflet thickening and enlargement 
(myxomatous degeneration), leaflet thickening with calcifi-
cation (senile degeneration), elongation and possible rupture 
of chordae tendinae (fibroelastic deficiency), and other pri-
mary leaflet pathologies such as endocarditis (Fig. 13.22). 
MR is termed functional when imaging studies suggest 

 structurally normal leaflets and chordae tendinae in the 
 setting of global or regional LV systolic dysfunction. Here 
the MR is secondary to a primary ventricular pathology and 
the competence of the mitral apparatus is compromised  
by the relative displacement of the papillary muscles. When 
evaluating mitral insufficiency, the objectives of a compre-
hensive imaging exam are threefold: (1) to provide insight 
into the mechanism of mitral insufficiency, (2) to quantify 
the severity of mitral insufficiency, and (3) to discern the 
consequences of the lesions including the effects on LV vol-
ume, LV systolic function, and left atrial volumes.

TTE is the most common imaging test performed. In most 
elderly patients the mitral valve apparatus is readily identi-
fied and spectral and color Doppler methods can be used to 
quantify MR severity. The first identification of a regurgitant 
systolic mitral jet is often provided by color Doppler velocity 

Fig. 13.20 Phase contrast CMR of the aorta to determine aortic stroke 
volume and flow. Utilizing a 3 chamber cine view for reference (a), a 
phase contrast CMR slice is prescribed in the aortic root (just above the 
aortic valve). This produces two sets of images: (b) the magnitude 
image provides details the anatomy, contour, and shape of the aorta and 

(c) the phase velocity map which depicts the velocity and direction of 
flow in each pixel within the aorta. By outlining the contours of the 
aorta throughout each phase in the cardiac cycle a velocity and flow 
curve can be generated (d) to determine aortic forward and reverse 
stroke volume and flow. AO aorta; LV left ventricle
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mapping. Although the size of this color jet is proportional to 
regurgitant volume, care must be taken not to oversimplify 
the assessment of MR severity. Because the color Doppler 
map represents flow velocity (not flow volume), the severity 
of a central MR jet is easily overestimated by color Doppler 
imaging. Likewise, the severity of a very eccentric MR jet 
that flows along the left atrial wall is easily underestimated 
by color Doppler imaging alone. As such other Doppler 
imaging tools have been developed. The proximal isoveloc-
ity surface area (PISA) method estimates the size of the 

regurgitant valve orifice area and flow volume based on the 
principle of conservation of mass, such that:

where r is the radius (cm) of the hemisphere converging 
toward the regurgitant mitral orifice at a defined aliasing 
velocity (A

vel
) [87, 92]. This quantification method has proven 

useful under certain ideal flow conditions, but has limitations 
when employed to evaluate MR associated with thickened 
leaflets with irregular coaptation as is common in an elderly 
population. Another method looks at the width of the origin 
of the regurgitant color jet. Measurement of this VC zone has 
been validated by both 2D and 3D techniques to estimate 
MR severity [93–95]. In an elderly population where degen-
erative valve disease is most common, the quantification of 
MR severity may be best achieved using a comparison of 
 Doppler-derived stroke volumes into and out of the left ven-
tricle. In the absence of significant AR, the regurgitant MR 
volume is equal to the mitral annular diastolic inflow volume 
minus the LV systolic outflow volume [96, 97]. Using these 
methods, MR severity can be quantified as mild, moderate, 
or severe when the effective regurgitant orifice area (EROA) 
is <0.2, 0.2–0.4 or >0.4 cm2 and when the regurgitant volume 
is <30, 30–60 or >60 mL, respectively [87]. Additional quali-
tative evidence such as systolic flow reversal within a pulmo-
nary vein, increased early diastolic LV filling velocity and an 
enlarged left atrium all support a diagnosis of severe MR.

The typical CMR study for evaluating mitral insufficiency 
involves the performance of a complete set of sequential 
short-axis (from base to apex) and long-axis (typically 
 standard 2-, 3-, and 4-chamber views) cine images using a 

3

2
vel

MR regurgitant volume (cm )

2 /peak MRvelocity(cm/s),

=
π ×r A

Fig. 13.21 Degenerative mitral valve disease in an 83 years old female. 
2D echocardiogram demonstrates mitral annular calcification and mitral 
leaflet thickening (a). Color Doppler imaging reveals degenerative 

(organic) mitral regurgitation (b). MAC mitral annular calcification;  
LA left atrium; LV left ventricle

Fig. 13.22 Excised mitral leaflet in a 72 year old male with a history 
of bacterial endocarditis. The anterior mitral leaflet is shown and 
appears thickened with a large central perforation
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steady-state free precession (SSFP) pulse sequence. In 
 addition to providing a gold standard assessment of regional 
LV and RV function, this data set can be used to planimeter 
LV and RV volumes in end-diastole and end-systole, thus 
determining ventricular stroke volume and ejection fraction. 
All valve coaptation interfaces (A1–P1, A2–P2, and A3–P3) 
of the mitral valve leaflets are further interrogated with indi-
vidual cine images by performing sequential long-axis cine 
slices through each scallop as is shown in Fig. 13.23. This 
provides insight into mechanism (i.e., prolapse, flail, 
restricted), and also aids in localization of the abnormality. 
This information can be crucial for gauging the likelihood of 
valve repairability. Congenitally abnormal valve leaflets, 
aberrant papillary muscles or aberrant chordal attachments 
(parachute mitral valve), leaflet thickening, presence and 
extent of calcification, leaflet redundancy and prolapse,  
and commissural fusion are all anatomic descriptions that 
have been reported by CMR [75]. The phase contrast or 

 velocity-encoded cine CMR pulse sequence is the imaging 
sequence of choice in quantifying flow and calculating 
velocities. Protons moving along a magnetic field gradient 
acquire a phase shift relative to stationary spins [98]. The 
phase shift is directly proportional to the velocity of the mov-
ing protons in a linear gradient. Phase contrast CMR has 
been shown to be very accurate for assessing antegrade and 
retrograde flow across semilunar valves and therefore is the 
technique used for assessing aortic or pulmonic insufficiency 
[9, 75, 90] (Fig. 13.20). This technique for the mitral valve is 
more difficult because of significant movement of the mitral 
annulus during systole. For this reason, quantification of 
mitral insufficiency volume is obtained by subtracting the 
aortic forward stroke volume (antegrade flow by phase con-
trast CMR at the aortic root) from the total LV stroke volume 
calculated from planimetry of the LV end-diastolic and end-
systolic contours (Fig. 13.24). This technique provides accu-
rate calculations in the setting of isolated mitral insufficiency 

Fig. 13.23 CMR interrogation of the mitral valve. Using a cross- 
sectional view of the mitral valve as a reference point (a), serial long 
axis views are prescribed through the A1–P1 scallops (b), the A2–P2 
scallops (c), or the A3–P3 scallops (d) to produce long axis cine views 

interrogating the individual scallops and coaptation (arrow) points of 
the mitral valve. In this example there is adequate coaptation (arrow) of 
the A1–P1 scallops (b) and the A3–P3 scallops (d), but impaired coap-
tation of the A2–P2 scallops demonstrating a flail P2 scallop (c) [123]
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and also in the setting of coexisting aortic insufficiency, since 
aortic insufficiency increases both the LV stroke volume and 
aortic forward flow but leaves the difference between the two 
values unaffected. Numerous validation studies have shown 
a strong correlation between CMR derived mitral insuffi-
ciency quantification and that obtained by echocardiography 
or cardiac catheterization; additionally regurgitant volumes 
derived by CMR have also been shown to have low inter-
study variability [99–102]. This makes CMR an optimal 
technique for serial assessment of mitral insufficiency in 
patients who are managed expectantly.

Novel Valve Imaging Applications

Although 2D echocardiography has been the valve imaging 
standard for over 25 years, 3D echocardiography technolo-
gies are becoming increasing important for the identification 
and quantification of cardiac valve dysfunction. 3D echocar-
diography, and in particular live 3D TEE, has undergone sig-
nificant technological refinement in recent years. Novel 
applications of 3D color flow have been used to quantify aor-
tic and mitral valve regurgitation, and live 3D TEE is now 
commonly used to guide surgical mitral valve repair 
(Fig. 13.25) [95, 103–106]. It is anticipated that these volu-
metric imaging methods will continue to evolve and provide 
accurate identification and new insight into the causes of 
valve dysfunction as well as the development and selection of 
appropriate therapies for all patients, including the elderly.

Prosthetic Valves

The structural and hemodynamic assessment by transtho-
racic and TEE play an essential role for post operative evalu-
ation and long-term follow-up of prosthetic valve function. 
The pressure gradient across a normal prosthesis depends 
upon not only the type, size, and position of the prosthesis 
but also the flow or cardiac output of the patient. Therefore, 

Fig. 13.24 Example of the method used to calculate mitral regurgitant volume, see text for details. AO aorta; LA left atrium, LV left ventricle;  
EDV end diastolic volume; ESV end systolic volume; MR mitral regurgitation

Fig. 13.25 3D Live TEE image of a mitral valve as viewed from the 
left atrium. In this case severe prolapse of the anterior leaflet is present 
because of chordae tendinae rupture. AV aortic valve; MV mitral valve
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an echo Doppler evaluation of the prosthetic valve performed 
in a hemodynamically stable state (usually 4–6 weeks after 
surgery) is strongly recommended. The information can 
serve as baseline reference for future comparison [107].

Patients with prosthetic valve malfunctioning usually 
present with symptoms of HF and hemolysis can be common 
as well. There is a wide range of conditions that can lead to 
prosthetic valve dysfunction. Degeneration of the biopros-
thesis ,or the presence of a mass such as pannus, thrombus, 
or vegetation can interfere with normal leaflet motion result-
ing in obstruction or regurgitation (Figs. 13.26 and 13.27). 
Dehiscence of the sewing ring, or a leaflet tear often leads 
to significant valvular and paravalvular regurgitation or 

 pseudoaneurysm formation (Figs. 13.28 and 13.29). The 
exact etiology is aided by clinical information such as the 
age of the valve and the adequacy of anticoagulation, and 
further refined by important information provided by 
echocardiography. Although acoustic shadowing caused by 
the prostheses can hamper structural assessment of the valve, 
the integration of comprehensive echo/Doppler assessment 
(chambers size, flow, pressure gradient) often provides the 
necessary information to determine if a valve is truly stenotic 
vs. a normal valve with high flow or with the presence of 
patient prosthesis mismatch (Fig. 13.30). The etiology of 
stenosis frequently requires visualization of the prosthetic 
leaflets to evaluate for vegetations, thrombus, pannus or 

Fig. 13.26 2D TEE (a) and Doppler (b) of an obstructive aortic valve prosthesis due to pannus formation

Fig. 13.27 Transmitral Doppler of an obstructive mitral prosthesis due to thrombus before (a) and after (b) administration of IV thrombolysis
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 mal-position of the prosthesis and TEE is often required to 
make the diagnosis (Fig. 13.31). Similarly, echo and Doppler 
flow assessment across the prosthesis often provides clues 
about the presence of prosthetic regurgitation when visual-
ization of the  regurgitation jet is hampered. TEE then can be 
used to confirm the presence and quantify the severity of val-
vular regurgitation. TEE needs to be performed when transt-
horacic  echocardiogram is technically suboptimal or when 
suspicious findings on transthoracic echocardiogram are 

present. This is especially true during postoperative period in 
the ICU which the TTE windows are often limited. In  general, 
information obtained by both TTE and TEE are complemen-
tary and should frequently be performed together.

In patients with prosthetic valve thrombosis, quantitation 
of thrombus burden with TEE can help risk-stratify patients 
undergoing thrombolysis. In an international registry, 
 thrombus area by TEE was an independent predictor of 
embolization and death. TEE can identify low or high risk 
groups for thrombolysis irrespective of symptom severity 
and can guide the medical or surgical management of pros-
thetic valve thrombosis [108].

MDCT may provide potential benefit in the accurate  
anatomic assessment of a dysfunctional prosthetic valve 
(Fig. 13.32). It is probably more useful in assessment of a 
prosthetic aortic valve due to the limitations of acoustic 
shadowing with TEE. Cardiac CT has excellent spatial reso-
lution for visualization of all components of the prosthesis 
and potentially the presence of a thrombus or large vegeta-
tion [109]. In addition, like CMR, the ability to assess the 
surrounding cardiac structures is essential for detecting 
complications such as abscesses, false aneurysms or fistulas 
(Fig. 13.33). This is impossible with diagnostic fluoroscopy. 
Furthermore, the standard cardiac CT protocol allows simul-
taneous assessment of coronary artery anatomy, which is 
important for any anticipated surgical management. 
Therefore, cardiac CT assessment can provide supplemen-
tal diagnostic information to guide surgical therapeutic 
decisions.

Fig. 13.28 2D TEE (a) and color Doppler (b) of a mitral valve prosthesis ring dehiscence causing severe paravalvular regurgitation

Fig. 13.29 2D TEE of a mechanical PAV complicated by large poste-
rior pseudoaneurysm (asterisk) of the intervalvular fibrosa
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Post Operative Cardiac Imaging

Cardiac surgery and cardiopulmonary bypass result in 
 significant systemic inflammatory reactions which may poten-
tially result in significant physiological changes and end organ 
dysfunction. Postoperative hemodynamic instability should 
prompt immediate evaluation, as mechanical complications 
causing cardiac dysfunction, in particular, have been associ-
ated with an increased risk of death and require prompt atten-
tion [110]. Along with routine invasive post op hemodynamic 
monitoring, echocardiography has proven to be indispensable 
in assessing patients after cardiovascular surgery. Due to its 
portability, it is routinely used in the ICU for assessing early 
postoperative cardiac complications, such as occlusion of a 
coronary artery graft, residual or unexpected valvular disease, 
prosthetic valve dysfunction, cardiac tamponade, and systolic 

anterior motion of the mitral valve with LV outflow tract 
obstruction [111]. Other imaging modalities are usually non 
practical due to the frequent presence of renal impairment or 
supportive devices connected to the patient. Both TTE and 
TEE are useful in determining left and RV function, wall 
motion abnormalities, degree of native or prosthetic valve 
stenosis or incompetence, filling pressures, and for evaluating 
pericardial effusions. Echocardiography should be performed 
in all patients with unexplained impairments in cardiac func-
tion or hemodynamics following cardiac surgery.

The role of advanced cardiac imaging with CMR or CCT 
in imaging of the immediate post operative patient is rela-
tively limited since the environment is not ideal for patients 
with hemodynamic instability, multiple indwelling drainage 
catheters and temporary pacing wires. However, outside of 
the immediate post operative window, cardiac CT allows for 

Fig. 13.30 Patient prosthesis mismatch: noted similar gradient across the aortic valve before (a) and after (b) a mechanical AV replacement due 
to aortic stenosis

Fig. 13.31 2D echo (a) and color Doppler (b) of a mitral valve bioprosthesis causing severe LVOT obstruction. Patient presented with exertional 
syncope
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the anatomical assessment of the pericardium, stenosis 
 detection within coronary artery bypass grafts or at graft 
anastomotic sites, and anatomical mapping prior to a redo 
sternotomy. CMR, like echo, also allows the opportunity to 
assess the effects of surgery on various cardiac chambers 
sizes and their functions, prosthetic valves integrity, the vol-
umetric quantification of paravalvular regurgitation, and 
pericardial processes such as effusions or constriction (peri-
cardial thickness greater than 4 mm). CMR is safe for all 
commercially available prosthetic heart valves.

Postoperative LV Function

Assessment of LV function is the most common indication 
for a postoperative echo in clinically unstable patients with 
hemodynamic comprise or arrhythmias. However, the assess-
ment of cardiac function using TTE can be quite  difficult 

in the CV surgical intensive care unit. The presence of 
 bandages, instrumentation and difficulty in positioning the 
patient make accurate evaluation quite challenging. Before 
the advent of IV contrast agents, additional semi-invasive 
procedures such as TEE were often required.

CE using intravenous microbubbles significantly impro-
ves endocardial visualization (Fig. 13.34). It has been shown 
to be accurate, safe, and cost-effective as compared to TEE 
for evaluating ventricular function in technically difficult 
studies [112]. Importantly, it also guides patient management 
by avoiding additional diagnostic procedures and altering 
drug management in a third of patients. The impact of con-
trast on management is greater with worsening quality of the 
nonenhanced study, the highest impact being in intensive 
care unit patients. Although not formally tested in the elderly, 
the clinical implication of using CE is likely also to be large, 
since any unnecessary diagnostic or drug intervention could 
lead to more complications and worse outcomes in the elderly 
after CV surgical procedure [113].

Pericardial Effusion and Cardiac Tamponade

Assessment of pericardial effusion and cardiac tamponade is 
the other common indication for echo in clinically unstable 
patients after cardiac surgery. Pericardial effusion is a com-
mon complication after cardiac surgery occurring in over half 
of patients. Most of time the effusion does not cause hemody-
namic compromise; however, in 0.8–6% of cases the effusion 
causes cardiac tamponde and can be life threatening [114] 
(Fig. 13.35). The traditional 2D echocardiographic features 
of tamponade include large circumferential effusion, RV dia-
stolic collapse, right atrial systolic collapse and an enlarged, 
plethoric inferior vena cava. Due to pericardial space con-
straints and ventricular interdependence, there is also exag-
gerated respiratory variation across the trans-mitral and 
trans-tricuspid inflows on Doppler examination (Fig. 13.36). 
Usually these features are present when the effusion is not 
loculated and there is no pulmonary hypertension or signifi-
cant left or RV abnormality. Unfortunately, this is frequently 
not the case in elderly patients after CV surgery in which 
there often is cardiac dysfunction or the presence of relatively 
small, loculated effusions which can cause localized increases 
in intra-pericardial pressure. The detection of these localized 
effusions by TTE might be difficult due to limited imaging 
windows. The classical clinical features of pulsus paradoxus 
and the echocardiographic features of tamponade could be 
absent in hemodynamically significant effusions in these 
patients, especially occurring early following cardiac surgery 
(<72 h). Therefore, if clinical suspicion is high, the diagnosis 
of tamponade needs to be confirmed with TEE or sometimes 
with surgical re-exploration. On the other hand, classical 

Fig. 13.32 MDCT of a normal functioning mitral mechanical prosthe-
sis. (a) Long axis (b) short axis



18513 Cardiac Imaging in the Elderly

clinical and echocardiographic features of tamponade will be 
usually be present with TTE when tamponade occurs late 
after cardiac surgery (>72 h) [115]. Cardiac CT also allows 
reliable examination of the pericardium and could be used to 
localize loculated effusions in patients without adequate 
imaging windows and contraindications to TEE.

Pericardial Constriction

Despite an open pericardium, pericardial constriction is an 
important etiology to consider in patient presenting with HF 
symptoms after cardiac surgery. Up to a third of cases of 
constrictive pericarditis occur after cardiac surgery [116]. 
Echo/Doppler evaluation is crucial in establishing the pres-
ence of constrictive physiology. The 2D findings include 
increased pericardial thickness, abnormal septal bounce, bi-
atrial enlargement and dilated or plethoric inferior vena cava 
and hepatic veins [117]. The Doppler findings reflect ven-
tricular interaction and the dissociation of intracardiac and 
intrathoracic pressures. It includes elevated early diastolic 
filling velocity across the right and LV inflow and a  prominent 

E on tissue Doppler. In addition, there are greater respiratory 
variations with decrease of mitral inflow velocity over 25% 
and increase on tricuspid velocity in the first cardiac cycle 
after inspiration. During expiration, the hepatic vein flow 
reversal increases [118]. However, TTE is neither sensitive 
nor specific for the evaluation of pericardial thickness. 
Although TEE could be used to measure the pericardial 
thickness, the anatomic evaluation of the diseased pericar-
dium usually requires further assessment with high defini-
tion images obtained by either cardiac CT or MRI. The 
advantage of MDCT over echo in the imaging of constrictive 
pericarditis is based on the ability to rapidly acquire two and 
three-dimensional reconstruction images. It allows accurate 
measurement of pericardial thickness, mapping of calcium 
and its relationship with adjacent structures such as coronar-
ies for surgical planning purposes (Fig. 13.37). Furthermore, 
contrast administration is not needed to image the pericar-
dium making it an attractive technique in elderly patients. 
Additionally, CMR can also be useful in establishing the 
diagnosis of pericardial constriction in the appropriate 
 clinical setting: a pericardial thickness greater than 4 mm on 
conventional spin echo imaging has been shown to be highly 
specific for constriction [119] (Fig. 13.38). However, the 

Fig. 13.33 MDCT of a patient undergoing re do AVR for endocardi-
tis of a mechanical PAV complicated by large pseudoaneurysm 
 (asterisk). Noted the large pseudoaneurysm surrounded the aortic root 

 circumferentially and extended anteriorly right underneath the sternum 
(a, c). In addition, the right coronary artery coursed in the between the 
pseudoaneurysm (b)
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Fig. 13.35 Post CABG echo without (a) and with contrast (b) of a patient with tamponade. Noted presence of IV contrast in the pericardium 
(arrow) suggestive of myocardial perforation

Fig. 13.34 Echo without (top) and with (bottom) contrast of an elderly patient after CABG. Noted the improved endocardial definition with 
contrast that allowed detection of apical dyskinesis (arrow). (a) echo without contrast, diastole; (b) echo without contrast, systole; (c) echo with 
contrast, diastole; (d) echo with contrast, systole
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Fig. 13.36 Cardiac tamponade: RV collapse by 2D echo ((a) mid diastole and (b) end diastole) and M mode (c) with significant respiratory varia-
tion across the tricuspid inflow (d)

Fig. 13.37 MDCT of a thickened and calcified pericardium

Fig. 13.38 Pericardial constriction. Diffuse thickening of the pericar-
dium (arrows) to greater than 4 mm on spin echo CMR imaging. This 
finding is highly specific for pericardial constriction
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absence of pericardial thickening (³4 mm), does not 
 completely rule out constrictive pericarditis. In difficult 
cases, the final diagnosis needs to be made in conjunction 
with clinical, echo Doppler and/or invasive heart catheteriza-
tion findings.

CT for Assessing Bypass Grafts

Weeks after or during CABG, 5–10% of grafts occlude. 
In addition, approximately half of venous grafts and one fifth 
of arterial grafts occlude within 10 years [120]. Invasive 
 catheter-based angiography is the gold standard for the detec-
tion of bypass graft disease; but, it carries a much higher 
procedure related risk when compared to the angiographic 
assessment of native coronaries. It usually requires larger 
amount of contrast and a longer procedural duration which 
can be more detrimental in the elderly population. The larger 
size of venous grafts with less motion and calcification allow 
it to be easily assessed by CTA (Fig. 13.39). Artifacts origi-
nating from metallic clips, anastomosis indicators, sternal 
wires may sometimes impair the diagnostic confidence. 
However, improved temporal resolution and shorter acquisi-
tion times of current CT technology can achieve a sensitivity 
and specificity of 95% or higher for the detection of venous 
graft occlusion or stenosis [121]. In addition, although 
 arterial grafts are smaller, the diagnosis accuracy of graft 
occlusion or stenosis by CT is excellent. However, due to 

the smaller size, more motion and heavy calcification, the 
 assessment of distal anastomosis sites and native coronary 
disease progression are not as robust as graft assessment. 
Therefore, the current clinical application for MDCT remains 
the assessment of graft disease.

Preoperative Planning for Redo Surgery

With increasing life expectancy and better surgical techniques, 
it is not unusual that elderly patients require more than one 
open heart surgery. A redo surgery carries a higher surgical 
risk (even more so in the elderly) careful preoperative plan-
ning is mandatory. Traditionally, selective angiography is 
used as the gold standard for anatomic evaluation of grafts 
and native coronary arteries. Besides providing a noninvasive 
assessment of these structures, MDCT has the advantage of 
providing the surgeon with information on the relationship of 
the sternum to the great vessels, existing grafts/conduits, right 
ventricle, and native coronary arteries. Furthermore, the extent 
of calcification and atherosclerosis of the aorta can be accu-
rately evaluated. This comprehensive assessment can facili-
tate surgical planning and may lead to reduced risk of injury 
to grafts or adjacent cardiac structures during sternotomy and 
decreased strokes related to cannulation/cross-clamping of a 
highly calcified and atheromatous aorta.

Findings on MDCTA for high-risk redo surgery are quite 
common. One study showed that the close proximity (<1 cm) 

Fig. 13.39 Three dimensional volume rendering of MDCT of two patients post CABG. Patient (a) both SVGs and LIMA grafts were patent. 
Patient (b) both SVGs were occluded (asterisk) and LIMA graft was patent
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of the right ventricle/aorta to the chest wall occurred in 24% 
of cases and, that in 38% of cases, coronary grafts crossed 
the midline in close proximity (<1 cm anteroposteriorly) to 
the sternum. In cases of renal insufficiency or urgent surgery 
after invasive angiography, administration of additional con-
trast materials with CTA could be relatively contraindicated. 
However, a noncontrast CT study can be quite informative in 
assessing the distance between the right ventricle and the 
sternum and provide limited but potentially useful informa-
tion on the ascending aorta and graft location. The routine 
use of preoperative MDCTA to detect high-risk findings 
could lead to adoption of preventive surgical strategies in 
high-risk patients undergoing redo cardiac surgery, and 
potentially lead to reduced frequency of severe bleeding, 
graft injuries, and 1-month mortality [122].
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As a general surgeon, I have always been jealous of the cardiac 
surgeons in that the organ they fix is repaired by their opera-
tion, and it directly facilitates the postoperative course 
(“the problem cannot be the heart, we fixed it!”). My patients, 
on the other hand, are always dependent on that organ to get 
through the perioperative period. This makes my life that 
much more interesting.

The heart and lungs age at a predictable rate; not all the 
organ systems do. Why cardiac function declines along a 
straight line and the gastrointestinal tract does not is unknown. 
At the molecular level, many theories have been proposed 
on the aging process, such as increased DNA damage, 
impaired repair of damaged DNA by polymerases, and loss 
of telomerase resulting in shortened telomeres that affect 
senescence of living cells. The systems that are most directly 
affected by this process are the cardiac, pulmonary, immune, 
and neuroendocrine systems. But while the cardiac system is 
recognized as the most critical one for risk after surgery, we 
need to understand the aging process of the other critical 
organ systems since they can directly affect the heart.

The development of cardiac disease is really the result of 
normal or accelerated aging of the heart and its surrounding 
systems. Since the heart has been recognized as the most 
significant risk factor for patients undergoing noncardiac 
surgery, proactive recognition of its impairment and control-
ling it with both preventive and interventional measures can 
keep elective surgery safe. Right now, there are no molecular 
markers for cardiac disease; the best we have is the nonspecific 
C-reactive peptide level, a marker of inflammation. But, the 
molecular and physiologic changes that occur in aging are well 
established – the development of atherosclerotic plaque due 
to inflammatory responses, decreased cardiac output and left 
ventricular hypertrophy due to progressively increased vascular 
resistance, and the hyposympathetic state due to humoral 
senescence. In time, a simple blood test will be developed.

The first established way of documenting cardiac risk in 
noncardiac surgery was the “Goldman Criteria,” published in 
1977. It focused mostly on cardiac conditions which would 
affect postoperative cardiac system – e.g., an S3 gallop and 
jugular venous distention, a nonsinus rhythm, premature 
ventricular contractions, a recent infarction, or aortic stenosis. 
In 1999, the criteria were revised to a multisystem list of risk 
factors, which included active ischemic heart disease, stroke, 
diabetes, and increased creatinine. These revised criteria 
amplify the fact that diseases of other systems – renal disease 
and endocrine – are intimately related to and are part of the 
equation which predicts cardiac risk. Tuning these organ 
systems up before surgery decreases risk.

So, in order to decrease cardiac risk, we need to understand 
the physiology of the heart and its surrounding systems. Yes, 
perioperative beta blockade is highly effective in preventing 
perioperative cardiac events in vascular and abdominal surgery, 
but there is no question that stroke prevention, tight glucose 
control, and renal protection protect the heart as well.

The multisystem approach to understanding the effect of 
aging on surgical outcomes is gaining ground, and multiple 
recent studies are showing that frailty, the condition of weaken-
ing and disability (associated) with aging, is likely going to be 
the most powerful predictor of perioperative mortality. Frailty 
and its associated disabilities are associated with higher death 
rates in persons living at home, in patients at hospitals, and in 
residents of nursing homes. Frailty is associated with cardiac 
disease. In fact, the best prevention methods for frailty are similar 
to those of cardiac disease – regular exercise, weight loss, high 
fiber diet, and smoking cessation. Lifestyle changes have been 
shown to delay the onset of the disability of frailty by as much 
as seven years – very similar to the protection in cardiac disease.

The following chapters on physiologic changes are 
focused on their effect on cardiac disease and cardiothoracic 
surgery, but these changes are also important for the develop-
ment of our own frailty as we age and adversely affect the 
way we respond to all surgical stresses.

So, while the cardiac surgeons still have the advantage of 
fixing the organ that directly affects the postoperative out-
come, frailty is catching up as a predictor of outcome, and it 
is not reversible.
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Abstract This chapter briefly summarizes what we currently 
know about some of the biological changes that accompany 
aging, and then tries to predict which of these may be the 
most relevant to the onset of age-related cardiac pathology, 
and the ultimate need for cardiothoracic surgery in older per-
sons. Although cardiovascular diseases are now the major 
cause of mortality in developed countries, and age is a major 
risk factor for many of these diseases, it is still not clear just 
which age-related changes are the most critical in affecting 
longevity or the risk of dying as a result of cardiovascular 
pathology.

Keywords Caloric restriction • Oxidative stress • Cell pro-
liferation • Cell death • Insulin-signaling • Telomere 
function

Introduction

A typical reader could ask why is there a chapter about the 
biology of aging in this book. While most of the chapters 
here address very physiological and clinical issues, I have 
chosen to briefly summarize what we currently know about 
some of the biological changes that accompany aging, and 
then try to predict which of these may be the most relevant to 
the onset of age-related cardiac pathology, and the ultimate 
need for cardiothoracic surgery in older persons. Although 
cardiovascular diseases are now the major cause of mortality 
in developed countries, and age is a major risk factor for 
many of these diseases, it is still not clear just which age-
related changes are the most critical in affecting longevity or 
the risk of dying as a result of cardiovascular pathology.

The earliest notable milestones in biogerontology include 
McCay’s demonstration that restricting caloric intake 
increases longevity and delays the onset of age-related  

diseases in rodents [1], Harman’s prediction that the oxygen 
free radicals that are produced in vivo and damage cellular 
macromolecules are a major risk factor for aging (the so-
called free radical theory of aging) [2], and Hayflick’s dem-
onstration that when human fibroblasts are grown in culture, 
they have a finite life span in terms of the number of times 
they can divide [3]. These three concepts still provide much 
of the underpinnings for biogerontolgical research today.

Aging-Related Biological Decline

Extension of Life Span by Caloric Restriction

This is also referred to as dietary restriction, but it is clear 
that calories are the critical component of the diet that must 
be reduced to extend longevity [4]. This intervention is rea-
sonably universal, having been shown to be effective in 
almost every animal species in which it has been adequately 
tested. Although most studies have been conducted in 
rodents, primarily rats and mice, nonhuman primates are 
currently involved in two long-term studies [5, 6], and even 
humans are being studied in short-term trials [7]. Both spe-
cies develop physiological responses similar to those seen in 
calorically restricted (CR) rodents, but mortality data are not 
yet robust enough in the nonhuman primate studies to 
unequivocally demonstrate how much average life span can 
be increased in this species, and no mortality data are avail-
able in the short-term human study.

The fundamental observation is that when caloric intake is 
reduced about 30–40% below what mice or rats with unlim-
ited access to food would consume, the CR animals will live 
about 30–40% longer than the control animals (Fig. 15.1: 
compare WT, AL with WT, CR). The CR animals are not sick 
or malnourished, and in fact the onset of almost every dis-
ease associated with aging, e.g., heart disease, cataracts, type 
2 diabetes, kidney disease, and cancer, is delayed. In general, 
restricted animals have lower body temperature, increased 
physical activity, are more resistant to chemical toxins and 
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heat, suffer less oxidative damage to their DNA, proteins and 
complex lipids, have lower levels of circulating insulin, insulin-
like growth factor (IGF), glucose, triglycerides and cholesterol, 
and more protein turnover and delayed reproduction. The 
restricted animals are clearly healthier than the control ani-
mals, although the ultimate causes of death are fairly similar. 
Several of the effects listed above can be recognized as 
potential risk factors for various aspects of heart disease.

In spite of over 70 years of investigation of the CR para-
digm, the mechanism of the intervention remains unknown. 
Sinclair and Howitz [8] have recently provided a comprehen-
sive and up-to-date review proposing how this intervention 
may work in rodents and invertebrate species. In a major 
shift from most earlier ideas, they propose that CR represents 
a stress signal that activates the animal’s defense pathways in 
anticipation of adverse conditions yet to come, e.g., starva-
tion. If correct, this suggests that CR is an active defense 
response of the organism, evolutionarily designed to promote 
survival at the expense of growth and reproduction during 
times of adversity. Thus, energy is perhaps primarily directed 
to maintain the integrity of the most important components 
and functions of the cells of the organisms, a process that 
might be expected to also promote increased longevity.

Several mechanistic corollaries have been discovered so 
far [9]. CR induces an increase in circulating levels of gluco-
corticoids such as corticosterone, as do other stresses. 
Fibroblasts isolated from a variety of long-lived mutants are 
often more resistant to stresses such as chemicals, heat, and 
irradiation [10]. CR also induces the expression of certain 
sirtuin genes [11], and overexpression of these same genes 
can extend the life span of lower organisms such as nema-
todes [12]. Compounds that activate sirtuins are also known 
to extend life span of these same organisms. Sirtuins and 
their possible roles in aging are described in more detail 

below under the section “Insulin-Signaling Pathway and 
Response to Intake of Nutrients.”

Oxidative Stress and Macromolecular Damage

As the primary sites of oxygen consumption in eukaryotic 
cells, mitochondria are also the primary sites for the produc-
tion of reactive oxygen species (ROS), such as superoxide 
anion, hydroxyl radicals, and hydrogen peroxide (Fig. 15.2). 
One of the most enduring theories of aging has been the the-
ory proposed by Harman [2] who proposed that oxygen free 
radicals are a major risk factor for aging because of their abil-
ity to attack bases in DNA [13], oxidize the amino acid side 
chains of proteins [14], and oxidize the unsaturated fatty acids 
in complex lipids, thereby producing aldehydic compounds 
such as malondialdehyde and 4-hydroxynonenal that are 
capable of interacting nonenzymatically with proteins. These 
damaged macromolecules must be repaired or eliminated to 
maintain adequate cellular function and tissue homeostasis.

Some nucleic acid bases are particularly sensitive to oxida-
tion thereby altering their base-pairing properties, in particular 
guanine and thymine. 8-Oxodeoxyguanosine (8-oxodG) is 
often used as a measure of DNA oxidation, and the level of 
this compound in DNA increases with age in spite of the pres-
ence of efficient repair systems [15]. If the DNA is not quickly 
repaired, 8-oxodG in DNA can base pair with adenine instead 
of cytosine during replication, thus leading to mutations, but 
faulty repair of this DNA can also lead to mutations. The level 
of 8-oxodG is usually higher in mitochondrial DNA than in 
nuclear DNA, because mitochondria are the chief intracellular 
source of oxygen free radicals. While mutations have not been 
shown to directly cause aging, depending on where the muta-
tions occurs, such as in an oncogene or tumor suppressor gene, 
they can lead to cancer. If the DNA damage is heavy, and DNA 
replication or transcription is blocked by large adducts, cross-
linking or fragmentation, the end result may be apoptosis (pro-
grammed cell death), and net loss of cells. This result can have 
direct implications for aging if these cells are not replaced.

While DNA damage is often repaired by simply clipping out 
the damaged area, and replacing the excised nucleotides in short 
patches, damaged protein is usually repaired by total degrada-
tion of the protein so the undamaged amino acids can be recy-
cled. Large amounts of energy are required to resynthesize these 
proteins to maintain an adequate supply of essential enzymes 
and other proteins required for normal cell function with increas-
ing age. This also suggests that cells must maintain robust pro-
teolytic systems to remove specifically damaged proteins that 
would otherwise accumulate in an old cell. Such proteolytic 
complexes are found in cells in the form of proteosomes [16]. 
Cellular proteins are also degraded in the lysosomes in a process 
known as autophagy [17]. Both of these systems not only provide 

Fig. 15.1 Survival curves of wild type (WT) and dwarf (DF) mice. AL 
mice fed ad libitum; CR calorically restricted (From Bartke et al. [48] 
reprinted by permission from MacMillan)



19915 Biology of Aging

cells with a supply of amino acids for synthesis of proteins, but 
also serves as a quality control role for the proteome of cells. 
These proteolytic processes also target key regulatory proteins 
such as transcription factors, cell cycle regulators, tumor sup-
pressors, promoters, etc., so they can have critical roles in main-
taining cell function as well. Autophagy declines with age, and 
CR prevents this decline, suggesting this could be one of many 
ways by which CR exerts its life-extending effects.

Unsaturated fatty acids are very prone to oxidation by ROS, 
and longevity negatively correlates with the degree of fatty 
acid unsaturation of membrane phospholipids. Peroxidation of 
the double bonds in these side chains produce a variety of end 
products that can diffuse throughout the cell, modifying pro-
teins and DNA, especially those in the mitochondria near the 
site of generation of the ROS [18, 19]. Thus, lipid peroxidation 
not only changes the properties of the membranes themselves, 
but also can have downstream consequences either near or far 
from the site of the original damage. For example, some of the 
end products, such as 4-hydroxy-2-nonenal, are bifunctional 
and can interact with, and crosslink proteins which inhibits the 
activity of the proteosomes during their attempt to degrade 
modified and damaged proteins [20].

Posttranslational Protein Modification

Proteins are also susceptible to nonenzymatic modification 
through the condensation between the aldehydic groups of 

free sugars with the amino acid side chains of lysines in proteins 
in a process known as glycation. These condensation prod-
ucts are Schiff bases which can subsequently rearrange to 
form a variety of intermediate structures, often with loss of 
normal function. This property is enhanced in the diabetic 
individual because of the increased concentration of glucose 
in their blood. In addition to glycation, proteins are subject to 
a variety of enzymatic modifications such as glycosylation, 
phosphorylation, and acetylation, to name a few.

Whereas most enzymatic modifications of cellular pro-
teins are presumably positive modifications that are required 
for the protein’s intended physiological function, a host of 
other biochemical changes are not. These include biochemical 
alterations such as glycation, oxidation or deamination of 
amino acid side chains, and racemization of amino acids 
from the l form to the d form. Typically, such altered pro-
teins must be completely degraded and replaced through 
resynthesis. This is an expensive process, as Stadtman [14] 
has estimated that as many as 50% of proteins in the cell at 
any one time may have at least one oxidized side chain.

Cell Proliferation and Telomere Function

The mechanistic basis of Hayflick’s observation that human 
cells grown in culture have a limited life span remained a 
mystery until Harley et al. [21] demonstrated that telomeres 

Fig. 15.2 Potential role of mitochondrial iron accumulation in the 
aging process. Accumulation of iron may increase oxidative stress via 
Fenton chemistry and the decay of mitochondrial structural components 
such as proteins, lipids, and nucleic acids. With age, an increase in 

the susceptibility of the permeability transition pore (PTP) may cause 
 mitochondrial dysfunction and cellular degeneration via apoptosis or 
necrosis (Reprinted from Seo et al. [75] with permission from Wiley-
Blackwell)
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shorten each time a cell divides. Telomeres are the structures 
at the ends of chromosomes containing long noncoding 
repetitive sequences, and they are synthesized by a special 
enzyme called telomerase [22]. Telomerase consists of a 
catalytic protein complexed with a template strand of RNA 
that determines the repeating sequence of telomeric DNA. 
Because most somatic cells do not express the gene for the 
catalytic subunit, as somatic cells continue to divide the length 
of the telomeric DNA gradually shortens until a lower limit is 
reached (called the Hayflick limit), at which point prolifera-
tion ceases. This nonproliferative state is referred to as cell or 
replicative senescence. The idea that telomere length is criti-
cal to the proliferative potential of cells was strengthened by 
the observation that transgenically increasing cellular telom-
erase activity also increases the number of doublings a cell 
can undergo before reaching the senescent state [23].

Telomeres consist of more than the long noncoding 
sequence at the 5¢ end of each DNA strand. They are com-
plex structures that bind a large number of proteins that are 
important in the multiple functions of telomeres [24]. These 
proteins are not only involved in DNA replication, but they 
also protect the coding sequences near the ends of chromo-
somes, and prevent the recombination of chromosome ends 
with each other, or with the double-stranded ends transiently 
produced during the normal metabolism of DNA. Table 15.1 
summarizes some of the roles of these telomere-associated 
proteins in promoting telomere function.

Telomere length and telomerase activity can impact 
human health in at least three general ways. One is through 
the altered phenotype of senescent cells, but adverse effects 
can also be observed if there is either too much or too little 
telomerase activity present in the cell. Whereas, fibroblasts 
normally facilitate the synthesis of the basement membrane 
that helps to repress the proliferation of cells attached to it, 
senescent fibroblasts secrete enzymes that degrade this 
matrix material. This degradation destroys the regulatory 
properties of the matrix, and Krtolica et al. [25] have shown 
that senescent cells promote carcinogenesis of nearby pre-
neoplastic cells. Thus, replicative senescence is an example 
of antagonistic pleiotropy by preventing uncontrolled prolif-
eration of cells in young animals [26], but promoting cancer 
in the vicinity of senescent cells, a process of increasing  
relevance as senescent cells accumulate with increasing age.

High telomerase activity is characteristic of germline cells 
[27], activated lymphocytes [28], and transformed cells [29]. 
Thus, telomerase activity is associated with the proliferative 
potential of cells, and is also considered to be a possible local 
biomarker for cancer. The details of what actually causes 
telomerase activity to reappear in cancer cells, thus allowing 
uncontrolled replication, remains to be worked out, but 
developing cancer drugs that inhibit telomerase is still a 
sought-after therapeutic intervention.

Even though most cells in an adult organism do not 
contain telomerase activity, the total absence of telom-
erase is a serious problem for an organism. The ability to 
replace damaged cells well into late life depends upon 
having robust stem cell pools, as the stem cells in these 
pools divide asymmetrically to produce the needed 
replacement cells, and telomerase activity is required to 
maintain the telomere length of the mother stem cell. 
Humans born with a mutation in either the telomerase 
catalytic protein or the associated template RNA are 
defective in telomerase activity, and suffer from a variety 
of abnormal phenotypes, including abnormal skin pig-
mentation, premature hair graying, anemia, and bone mar-
row failure [24]. The latter is not surprising as bone 
marrow is a well-known source of hematopoetic and mes-
enchymal stem cells.

If failure to maintain tissue homeostasis contributes to the 
development of aging phenotypes, then decreased telom-
erase activity in stem cells is likely to accelerate aging indi-
rectly due to decreased regenerative capacity of the pools 
[30]. Tomas-Loba et al. [31] provided important evidence for 
the critical role of telomerase and stem cells in aging by 
transgenically overexpressing telomerase in mice that were 
also engineered to be cancer-resistant. This telomerase over-
expression delayed the degeneration of both skin and the 
gastrointestinal tract, and improved neuromuscular coordi-
nation and glucose tolerance with aging in these mice. 
Remarkably, this intervention also increased the median life 
span, but not the maximum life span, of these mice by 
30–40%. These observations strongly implicate telomere 
maintenance as the main mechanism underlying the antiag-
ing activity of telomerase.

An increasing number of studies have reported a positive 
association between telomere length in lymphocyte DNA 
and some independent measure of health. These include all-
cause mortality, Alzheimer’s disease, psychological stress, 
parental life span, as well as cardiovascular disease [32]. 
Neither the mechanistic basis for these associations, nor 
why these phenotypes correlate with telomere length in 
lymphocytes is well understood, but they do suggest that 
environmental factors such as infections that promote  
lymphocyte expansion may also have an impact on aging 
phenotypes.

Table 15.1 Some mammalian age-related pathologies associated 
with short telomeres

Genotype Phenotypes References

Terc or Tert Dyskeratosis congenita [65, 66]
Terc, Ku86 Accelerated aging, reduced cancer [67]

Heart failure [68, 69]
wrn Werner’s syndrome [70]
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Insulin-Signaling Pathway and Response  
to Intake of Nutrients

A recent milestone in biogerontology has been the discovery 
that reducing the activity of the insulin-signaling system also 
increases longevity. This is the pathway that responds to the 
binding of IGF-1 to its cell surface receptor. Until the mid-
1980s it was widely assumed that aging is not directly regu-
lated by genes, because aging occurs primarily after the 
reproductive phase of life, and therefore should escape the 
power of natural selection. However, the isolation of a nema-
tode mutant with a significantly increased life span showed 
this assumption to be incorrect [33]. The gene mutated was 
subsequently shown to code for the enzyme phosphati-
dylinositol 3¢ kinase (PI3K) an early enzyme in the insulin-
signaling pathway [34]. When Kenyon et al. [35] showed 
that daf-2 nematode mutants lived twice as long as wild type 
organisms, and Kimura et al. [36] subsequently showed that 
the daf-2 gene codes for an insulin-like receptor, this pro-
vided strong evidence that reducing insulin-signaling in 
nematodes in general might increase longevity. This has sub-
sequently turned out to be true in fruit flies and mice, as well 
as in nematodes [37].

This signal transduction pathway ultimately induces 
phosphorylation of a transcription factor known as FOXO in 
mammals, and reduction in insulin-signaling results in the 
dephosphorylation and subsequent translocation of the tran-
scription factor FOXO into the nucleus where it activates a 
series of genes involved in stress responses, e.g., antioxidant 
enzymes and antibacterial proteins [38, 39]. Because of its 
ability to regulate the function of this critical transcription 
factor, the insulin-signaling system also regulates reproduc-
tion and lipid metabolism.

Another important regulator of cell growth and prolifera-
tion, and even animal size, is a protein kinase called TOR 
(target of rapamycin) [40]. The mammalian form of TOR, 
called mTOR, modulates such processes as mRNA translation, 
ribosome biogenesis, nutrient metabolism, and autophagy. 
Thus, it indirectly regulates both protein synthesis and protein 
breakdown. Inhibition of TOR by rapamycin extends life 
span of nematodes [41] and mice [42], suggesting that it also 
plays a central role in regulation of longevity. The life span-
extending effects of TOR inhibition and CR are not additive, 
suggesting that CR works at least partially by reducing TOR 
activity [43, 44]. Deregulation of the mTOR pathway has 
also been implicated in certain human cancers.

Another recent addition to the longevity regulation scene 
is the sirtuin family of proteins. A sirtuin is an NAD-
dependent protein deacetylase [45]. Like phosphorylation, 
acetylation is a mechanism for regulating the activity of enzy-
matic proteins. The name comes from the sir genes in lower 
organisms that regulate gene expression in these organisms. 

There are seven sirtuins in mammals, labeled SIRT1 through 
SIRT7, but SIRT1 is the closest homolog to the original yeast 
sir2 gene. Sirtuins are known to deacetylate histones, p53 
(a transcription factor and tumor suppressor protein), Ku70 
(a protein involved in repair of double strand breaks in DNA), 
c-myc (an oncogene), and a variety of other transcription fac-
tors such as FOXO, and nuclear receptors such as PPAR 
gamma. As mentioned above, CR induces the expression of 
SIRT1, thereby perhaps contributing to increased longevity 
[12]. A major breakthrough occurred when Howitz et al. [46] 
showed that naturally-occurring polyphenolic compounds in 
plants could activate sirtuins and increase longevity. The best 
studied of these compounds is resveratrol, a compound found 
in relative abundance in grapes. Sinclair and Howitz [8] sug-
gest that such polyphenolic sirtuin-activating compounds 
(STACs) are produced by plants to permit them to respond to 
various environmental stresses such as drought, nutrient star-
vation, and UV-light.

A serendipitous finding by Brown-Borg et al. [47] was 
that dwarf mice live longer than normal mice. As might be 
predicted, dwarf mice have a defect in either producing or 
responding to growth hormone, and thus have reduced levels 
of circulating IGF-1. It doesn’t matter whether dwarfism 
results from a defect in pituitary development, a defect in the 
growth hormone receptor, or a defect in the growth hormone 
releasing hormone, all of which result in low circulating levels 
of IGF-1 [37]. The life span of these long-lived mice can be 
further extended by CR (Fig. 15.1: compare WT, CR with 
DF, CR), suggesting that growth hormone deficiency and CR 
act at least partially by different mechanisms [48].

Other Long-Lived Mouse Mutants

A variety of enzyme deficiencies can also extend life span in 
mice. Mice that are deficient in the production and/or release 
of growth hormone into the blood stream are not only dwarf, 
but also long-lived, when raised in a protected environment 
[47]. This is apparently due to the reduced activity of the 
insulin-signaling pathway in these mice. These effects are 
mimicked in fruit flies and nematodes by mutations that 
reduce the activity of the insulin-signaling pathway, such as 
age-1 (PI3 kinase deficiency) and daf-2 (an insulin-like 
receptor) mutants [34, 36]. Mouse life span is also increased 
by mutations in a protein known as p66shc. This protein nor-
mally senses oxidative damage [49], and induces pro-
grammed cell death of damaged cells [50].

Mice that are deficient in the pregnancy-associated plasma 
protein A (PAPPA) live about 38% longer than wild type 
mice [51]. These mice are also dwarf even though dietary 
intake is normal for their size. They are also resistant to cancer, 
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but are not calorically restricted. PAPPA− mice are deficient 
in a zinc metalloproteinase activity, and resist age-dependent 
thymic atrophy. Mutations that increase the activity of pro-
tective heat shock proteins in nematodes and fruit flies [52], 
or suppress appetite in mice [53], thereby mimicking caloric 
restriction, also increase life span of these organisms.

Table 15.2 summarizes some of the mutations or other 
genetic manipulations that increase mouse longevity. 
Manipulation of additional genes in yeast, nematodes, and 
fruit flies also extend longevity, but comparable experiments 
in mice have not yet been reported.

Cell Death and Turnover

Cell turnover is a natural part of maintaining tissue homeo-
stasis, because damage to a cell may cause it to die by pro-
grammed cell death (apoptosis) if the damage is not too 
severe, or by necrosis if the damage is very severe. Mammalian 
cells have a stress response gene known as p66shc that sense 
when the cell is damaged, and induces apoptosis by generating 
ROS internally [49]. Apoptosis is a proactive process that 
eliminates damaged cells from an organism, and mice with a 
mutated p66shc gene are long-lived [50], and more resistant to 
this oxidative stress-induced apoptosis.

To maintain tissue cell number and function during aging, 
lost cells must be replaced either by the division of a local 
cell in a mitotic tissue such as liver, or by recruitment of a 
cell from a progenitor cell pool in a nonmitotic tissue such as 
brain. However, the progenitor cell may be already available 
in the tissue, as in the case of satellite cells in skeletal mus-
cle, and thus not be dependent on recruitment from a distant 
progenitor pool. Failure to recruit such a replacement cell 
would result in gradually declining cell number and some 
tissue atrophy with aging. Although it is not clear whether a 
declining ability to replace damaged cells is an important 
factor in normal aging, some believe that it may be [54], and 
that the mechanism and functional consequences during 

aging are likely to differ markedly by tissue and cell type 
[55]. Sharpless and DePinho [30] have argued that “a decline 
in the regenerative function of stem cells with age contrib-
utes to mammalian aging and age-associated disease.” This 
remains to be conclusively demonstrated, however.

A large number of apparently prematurely aging mouse 
models have been described so far [56], and all are character-
ized by lower growth rate and smaller adult size than normal 
mice. One explanation for this could be that cell death is 
accelerated in these models, and that cell replacement fails to 
maintain cell number in tissues with increasing age. A good 
example of a specific age-related-human condition that may 
be due to an imbalance between cell death and replacement 
is osteoporosis, where the balance between osteoblasts and 
osteoclasts is lost due to decreasing osteoblast number after 
menopause [57].

Figure 15.3 summarizes the events discussed above that 
may change during aging, and may represent causal events 
in age-related decline and loss of normal physiological 
function. Because cell number is dependent on the balance 
between cell death and cell division, maintaining cellular 
homeostasis requires tissues both to resist cell loss due to 
excessive apoptosis, and also to replace lost cells from 
either a resident or distant progenitor pool. However, it is 
currently not clear whether cell replacement from stem cell 
pools eventually becomes limiting with increasing age [55]. 
Although the frequency of nonproliferating senescent cells 
in tissues presumably also increases with increasing age 
[58], there is little evidence to indicate that this creates a 
problem with increasing age in mammals. More informa-
tion is needed about these two scenarios to better under-
stand whether maintaining cell number in critical tissues is 
a problem during mammalian aging, and if it is, in which 
tissues. One place where this seems most likely to be a 
problem is in the brain, where a large number of human 
age-dependent neurodegenerative diseases have now been 
described, and can be expected to occur with increasing 
frequency as the human life span continues to increase at a 
steady rate [59].

Table 15.2 Genetic modifications that increase mouse longevity

Gene Function/activity Phenotype of mutant References

Mutations
Prop-1 Pituitary development Dwarf, long-lived [47, 48]
Pit-1 Pituitary development Dwarf, long-lived [71]
GHR/BP GH receptor Dwarf, long-lived [72]
p66shc Stress response Long-lived [50]
MUPA Regulates appetite Small, long-lived [53]
PAPPA Zn metalloproteinase Delay thymic atrophy, long-lived, fewer tumors [51]

Overexpression of genes
mTERT Telomerase Increases median life span of cells in culture [23]
MCAT Catalase Mitochondrial expression increases mouse life span [73]
klotho Transmembrane protein, coreceptor for FGF23 Increases mouse life span [74]
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What Could All of This Have To Do with 
Cardiothoracic Surgery in the Elderly 
Human?

Human Relevance

As heart disease is the leading cause of death in the United 
States for both men and women, it is particularly critical to 
investigate mechanisms for reducing its occurrence, and/or 
how to repair the damage that promotes cardiovascular 
aging.

The first question one might ask is whether the results 
discussed above that were obtained by studying yeast, nema-
todes, fruit flies, and mice, are even relevant to humans? 
With regard to general concepts, the answer is probably yes, 
as there is ample evidence that once biology evolves an 
appropriate pathway or regulatory mechanism to accomplish 
something such as synthesis or degradation of a particular 
compound, it tends to conserve that pathway or mechanism 
during biological evolution. With regard to tissue function, 
the answer is probably maybe. For example, in laboratory 
mice the chief cause of death is cancer, as many of the labo-
ratory strains were selected for rapid growth and reproduc-
tion for use in cancer research.

There is also an important variable with regard to the 
nature of the adult animal in a species. Because adult fruit 
flies and nematodes are primarily composed of postmitotic 
cells, their primary response to macromolecular damage is 
limited by the activity and fidelity of their repair systems. In 
contrast, mammals are able to replace severely damaged 
cells through programmed cell death of the damaged cell, 

and recruitment of replacement cells from progenitor pools. 
However, mammalian tissues vary considerably with regard 
to the latter, so losses in one tissue may be far more critical, 
e.g., in brain, than is cell loss in a replicative tissue such as 
liver.

Oxidative Stress

It is likely that oxidative damage contributes to aging in 
nearly all species studied, but its effects may vary greatly by 
tissue. In spite of the prediction that oxidative damage is a 
factor in aging in all species, conclusions drawn from vitamin E 
clinical trials on human disease incidence are ambiguous, 
and vitamin E supplementation has rarely extended the lon-
gevity of an animal model. In fact, Perez et al. [60] have 
reported that transgenically altering the levels of specific 
antioxidant enzymes in mice either up or down has often not 
supported the free radical theory of aging. Thus, it is clear 
that we still don’t understand the most critical issues with 
regard to modulating oxidative stress with increasing age.

Cell Replacement

It seems likely that significant oxidative damage may also be 
occurring in myocytes during normal cardiac metabolism 
and function, inducing cell death and/or senescence if the 
damage exceeds some threshold level. The preservation of 
myocyte number and cardiac mass throughout life is presumed 

Fig. 15.3 Roles of caloric restriction, insulin-signaling, and oxidative stress in regulating life span
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to be critical; this would thus require either activation of  
resident progenitor cells or recruitment of replacements from 
a stem cell pool such as bone marrow. Orlic et al. [61] have 
approached the problem of cell replacement in two ways. In 
one approach, bone marrow stem cells (BMSC) were injected 
directly into healthy myocardium adjacent to the damaged 
area of the left ventricle. In the other approach, cytokines 
were used to induce BMSC’s to enter the blood stream and 
subsequently traffic to the damaged tissue. In both experi-
ments the BMSC’s gave rise to new myocardial cells and 
blood vessels, thus improving cardiac function and ulti-
mately survival.

As cell number is dependent on the balance between cell 
death and cell division, maintaining cellular homeostasis not 
only requires the heart to both resist cell loss due to apoptosis, 
but also to replace lost cells from either a distant or resident 
progenitor pool. Increasing age would be expected to increase 
the rate of cell loss due to continuing oxidative stress, leading 
eventually to myocyte apoptosis, and/or declining ability to 
replace lost cells from progenitor pools [62]. These authors 
propose that continued damage is ultimately responsible for 
both activation of the cell death program, and development of 
the senescent phenotype. They also conclude that both main-
tenance of some telomerase activity to maintain the cell’s 
potential to divide, and attenuation of the production of ROS 
represent potential intervention targets to delay cardiovascu-
lar aging. Increasing age would be expected to increase the 
rate of cell loss due to continuing oxidative stress leading 
eventually to apoptosis, and/or decrease the ability to replace 
lost cells from progenitor pools [63].

Thus, it seems clear that attenuating the low level but 
chronic generation of ROS to reduce both apoptosis and 
senescence of myocytes in heart tissue could be one goal of 
preemptive medicine in older persons. It is well known that 
acute occlusion of a major coronary artery will lead to myo-
cardial ischemia and the death of myocytes involving both 
necrotic and apoptotic processes. This is an extreme example 
of what happens in cardiac tissue in response to oxidative 
stress, and such infarcts may not readily repair themselves. 
Whether cell loss is due to such an acute event or to low level 
chronic damage, the importance of replacing these damaged 
myocytes implies that maintenance of telomere function in 
progenitor cells may be a critical factor in the cell replace-
ment part of this process.

Insulin-Signaling

The role of the insulin-signaling pathway in cardiac aging is 
less clear cut. Torella et al. [64] suggest that IGF-1 overex-
pression is good for cardiac health, in contrast to the effects 
it has on the longevity of nematodes, fruit flies, and even 

mice. They report that IGF-1 potentiates new myocyte  
formation in the adult heart, decreases myocyte death, inhibits 
the age-related increase in myocyte size, and in general helps 
maintain ventricular function and prevent heart failure. Their 
overall conclusion is that cardiac aging occurs at the cellular 
level, not the organ level. They also emphasize the overall 
importance of cardiac stem cells in delaying organ aging and 
heart dysfunction, implying that maintenance of cardiac cell 
number is essential for cardiac health.

Caloric Restriction

Human studies of caloric restriction are few, and in general 
relatively uninformative because of limited power and the 
short length of human studies [7]. However, it is nonetheless 
clear that the opposite phenotype, obesity, is a large risk factor 
for late-life pathologies such as type 2 diabetes and heart 
disease. Thus, diet in terms of both quantity and quality of 
food consumed, probably remains one of the best approaches 
available for reducing the risk to humans of late-life pathology 
and early death.
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Abstract Hematologic disorders in the elderly population 
have become an increasing problem as the general popula-
tion ages. In the elderly, anemia is associated with increased 
morbidity and mortality. The etiology of the anemia may be 
nutritional deficiencies, renal insufficiency, hormone insuf-
ficiency, bone marrow dysfunction.

Thrombocytopenia in the elderly patient is associated 
with a variety of clinical disorders including myelodysplasia 
and bone marrow failure syndromes, nutritional deficien-
cies, medications, and immune disorders. Platelet dysfunc-
tion is common due to the use of anti-platelet medications, 
as well as disorders such as myelodysplasia.

While coagulation parameters do not change in the 
elderly, bleeding complications due to coagulation problems 
are common in the elderly. Liver failure, the use of anti-
coagulants, acquired factor inhibitors put elderly patients at 
risk for bleeding. Thrombosis is common in the elderly. The 
risk of venous thromboembolism increase with age but is 
also enhanced by a variety of clinical factors such as surgery, 
sepsis, hip fractures, cancer, and immobility.

In this chapter we will review the epidemiology, causes, 
and consequences of anemia in the elderly population. We 
will discuss platelet disorders, coagulation and thrombotic 
disorders unique to the elderly.

Keywords Anemia • Elderly • B21 deficiency • Iron  
deficiency • Anemia of chronic disease • Myelodysplasia  
• Thrombocytopenia • Immune thrombocytopenia • Thrombosis 
• Coagulation inhibiots • Heparin induce thrombocytopenia

Introduction

Anemia in the Elderly

As average life spans increase, anemia in the elderly popula-
tion has become a more significant problem. It is now 
 recognized that anemia in this population is common and 
associated with increased morbidity and mortality.

The accepted criteria, below which anemia is established, 
has changed over the last 15–20 years. In the past, anemia was 
defined by the packed cell volume (PCV). However, currently, 
automated blood analyzers accurately measure hemoglobin 
(Hgb) levels and calculate the PCV. Therefore, based on the 
World Health Organization (WHO) criteria uniform defini-
tion of anemia, based upon the Hgb is for men a hemoglobin 
less than 13 g/dL (130 g/L) and for woman a hemoglobin less 
than 12 g/dL (120 g/L) [1].

The most accurate estimate of anemia in the contempo-
rary US population comes from the National Health and 
Nutrition Examination (NHANES) III survey of the 39,694 
persons selected for this study [2]. Anemia increases signifi-
cantly with increasing age. In patients aged 50–65, anemia 
occurs in 4.5% males, 6.5% females, in patients 65–75, ane-
mia occurs in 7.5% in males, 8.5% females (Fig. 16.1). 
However, in patients over the age of 75, not only does the 
rate increase significantly, but there is a male predominance, 
15% in males compared to 10.3% in females. In octogenari-
ans and nonagenarians the rate continues to increase to 26% 
in males and 20% in females. Also, there are significant 
 ethnic differences with African Americans having higher 
rates of anemia (male/female: 27.5/28%) than individu-
als of Hispanic descent (11.5/9.3%) or Caucasian patients 
(9.3/8.7%) [3] (Fig. 16.2). In a study of 732 consecutive 
patients admitted to a geriatric ward, 178 (24%) were found 
to be anemic with a hemoglobin of 11.5 g/dL or less [4].

Anemia in elderly patients is associated with increased 
mortality. In a large community-based 10 year study on the 
impact of anemia in individuals 85 years or older, anemia as 
defined by WHO criteria, was associated with a significant 
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increase in mortality in men with a Hgb less than 8.1 g/dL 
(nL = 13 g/dL) and in women with a Hgb less than 7.5 g/dL 
(nL = 12 g/dL) [5]. A study of healthy, older patients, age 
65–95, found anemia in 8.1% of males and 6.1% females. 
There was doubling of the mortality rate in anemic patients 
compared to patients without anemia, 36% of males and 15% 
of females with anemia died within 5 years compared to 14% 
in non-anemic men and 9% in non-anemic women. Adjusted 
for other confounding co morbidities, this represented dou-
bling of the 5 year mortality in male patients (HR 2.2: CI 
1.5–2.4) [6]. A study by Culleton demonstrated an increase 
in all cause mortality in both men and women with anemia 
[7]. In the prospective Leiden 85 plus study, anemia was 
associated with more disability, impaired cognitive function 
and an increased mortality (hazard ratio of 2) in elderly 
patients greater than 85 years old [8]. Anemia is common in 
heart failure and is associated with poor outcomes. For 
patients with congestive heart failure, anemia as a co-morbid 
condition is associated with a shorter survival [9].

There are multiple causes for anemia in the elderly. In the 
NHANES III study nutritional deficiencies accounted for 
34% of cases. In the other 65% of patients, anemia is due to 
renal insufficiency, anemia of chronic inflammation (ACI), 
or a combination of renal insufficiency and ACI [2]. A more 
recent study noted that nutritional deficiencies accounted for 
one third of the anemia in the elderly, two thirds of which 
were due to iron deficiency [10].

Nutritional Deficiencies

Iron deficiency was noted in 16% of elderly patients, with an 
additional 3.4% having iron deficiency combined with other 
nutritional deficiencies. The etiology of iron deficiency in the 

elderly is always due to blood loss. While dietary issues may 
on rare occasions play a role in elderly patients, it is not likely 
to be the sole cause of the iron deficiency state. The etiology 
of iron deficiency in the elderly includes gastrointestinal 
blood loss from hiatal hernia, gastro-esophageal reflux disor-
der (GERD) with gastritis, GI malignancies (gastric, colonic), 
parasites colonic diverticuli, inflammatory bowel disease, as 
well as renal losses from renal cell carcinoma [11, 12]. In rare 
patients with intravascular hemolysis such as PNH, microan-
giopathic hemolytic anemia or cold agglutinin disease, iron 
deficiency may occur due to urinary losses.

Early iron deficiency can be diagnosed using measure-
ments for serum ferritin, which indirectly reflects iron stores. 
In the elderly, a ferritin of less than 45 mg/L suggests iron 
depletion. A ferritin of less than 20 mg/L is diagnostic of iron 
deficiency [13]. The serum ferritin may be falsely increased 
in the setting of inflammation, or renal failure. For patients 
with significant renal disease, a serum ferritin of <500 mg/L 
has been used as an indication for iron replacement [14].  
As iron deficiency progresses, anemia will develop with an 
increase in the red cell distribution width (RDW) reflecting 
red cell populations made at various stages of iron deficiency. 
A low serum iron and elevated iron binding capacity may be 
present and finally a microcytic anemia will develop. Soluble 
serum transferrin receptor assay, and measurements of free 
erythrocyte protoporphyrin IX may be helpful in patients in 
whom there is difficulty distinguishing iron deficiency from 
anemia of chronic inflammation (ACI).

In addition to treating the underlying cause of the iron 
deficiency anemia, iron replacement should be given. For 
most patients, oral iron is effective. However, patients using 
chronic proton pump inhibitor (PPI) therapy, patients with 

Fig. 16.1 Results of the Third National Health and Nutrition Examination 
Survey. Percentage of persons considered anemic according to age  
and sex. NHANES III, phases 1 and 2, 1988–1994 (Reprinted from 
Guralnik et al [2], with permission from the American Society of 
Hematology)

Fig. 16.2 The mean and 1.65 standard deviations of the hemoglobin 
values of the white subjects in the Scripps-Kaiser and NHANES-III 
databases. The bottom of the error bars represents the hemoglobin value 
below which only 5% of normal values would be predicted to be present 
(Reprinted from Beutler et al. [3], with permission from the American 
Society of Hematology.)
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concurrent B12 deficiency, post gastrectomy or post gastric 
bypass surgery patients, may not have adequate absorbtion 
of oral iron due to the lack of gastric acid. Ingested iron must 
be converted from the ferrous form to the ferric form by gas-
tric acid in the stomach. In the duodenum, the iron is con-
verted back to the ferrous form in order to bind to the divalent 
metal transporter on the luminal surface of the duodenal cell. 
Poor responses to oral iron may also be due to inadequate 
dosing or lack of patient compliance due to side effects such 
as constipation and nausea. Giving stool softeners and laxa-
tives may be helpful. The amount of iron absorbed is inversely 
correlated with hemoglobin, so as the hemoglobin approaches 
normalcy, the absorption of oral iron decreases. As a conse-
quence, continued iron replacement for several months after 
normalization of the hemoglobin is required in order to 
replace iron stores. If there is no improvement after 3 months 
of oral therapy, patients should be re-evaluated. If there is no 
evidence of on-going blood loss with adequate compliance, 
consideration may be given to intravenous replacement. In 
patients with risk factors for poor absorption, intravenous 
iron replacement should be considered. There are several 
newer intravenous iron preparations which appear to have 
fewer side effects than iron dextran.

Vitamin B12 (Cobalamine) Deficiency

Vitamin B12 deficiency is rare in young patients. However, in 
patients over the age of 60, it occurs in occurs in 10–15% of 
patients. While other recognized causes of B12 malabsorp-
tion such as pancreatic insufficiency, terminal ileal disease 
such as Crohn’s disease, radiation enteritis, small bowel lym-
phoma, nitrous oxide anesthesia do occur in the elderly, per-
nicious anemia (PA) and food B12 malabsorption (FBM) are 
the most common causes of B12 deficiency. Women are more 
commonly affected than males at a ratio of 1.5:1. African 
American and Hispanic patients with PA may present at an 
earlier age than Caucasian patients [15]. Low cobalamin lev-
els, even in the absence of clinical findings, were found in 
11.8% of elderly patients. In the Leiden 85 study, B12 defi-
ciency occurred in 8% of elderly patients, but was less likely 
to be associated with anemia than patients who had folate 
deficiency. Macrocytosis was observed in only 1.8% of 
patients [16–18]. Patients may present with classic megalo-
blastic anemia. However, macrocytosis may precede the 
development of anemia by several months [19]. It is estimated 
that between 13 and 27% of patients with pernicious anemia 
may not have significant anemia [19, 20]. Macrocytosis is 
absent in 7% of anemic patients who have coexisting micro-
cytic processes. Hypersegmentation in neutrophils may be the 
earliest hematologic finding [21, 22]. Untreated cobalamin 
deficiency may progress to complete pancytopenia [22]. 
Atypical presentations of cobalamin  deficiency may occur. 

In an analysis of 827 Chinese patients in a neurologic 
department, 19.7% of patients were found to have B12 defi-
ciency, but only 9.8% had evidence of megaloblastic anemia 
[23]. It is well recognized that folate supplementation can 
mask the hematologic findings of megaloblastic anemia while 
the neurologic symptoms progress. On rare occasion, throm-
bosis with either myocardial infarction, stroke, deep venous 
thrombosis, or retinal vein thrombosis may be the presenta-
tion due to high homocysteine levels [24].

Daily B12 requirements are quite low, 1–2 mg per day, 
and cobalamin is ubiquitous in animal dietary sources (eggs, 
meat, and dairy products). With the exception of very strict 
vegans, B12 deficiency is always do to chronic, poor B12 
absorption. Pernicious anemia (PA) is an autoimmune disor-
der in which antibody mediated destruction of the parietal 
cells occurs, leading to achlorhydria and loss of intrinsic fac-
tor production. In addition, secreted antibodies in gastric 
fluid may bind to B12 binding site on intrinsic factor block-
ing B12 binding [25, 26]. Antibodies to parietal cells are 
found in 90% of patient with PA and are often detectable in 
other family members, and may be associated with an 
increased incidence of other immune endocrinopathies such 
as Hashimoto’s thyroiditis, insulin dependent diabetes mel-
litus, Graves disease, Addison’s disease or primary ovarian 
failure. There also appears to be an increase in antiparietal 
cell antibodies with increasing age with a fourfold increase 
in patients in their 80s compared to patients in their 30s [26, 
27]. Antibodies to intrinsic factor, while more specific than 
anti-parietal cell antibodies, are found in only 40–60% of 
patients.

Atrophic gastritis may also be due to chronic Helicobactor 
pylori infection. This results in low gastric acid-pepsin pro-
duction. Estimates range from 9 to 30% of gastric hypoacid-
ity as a cause of food B12 malabsorption. Gastric acid is 
required to release cobalamin from the protein R binder. This 
results in reduced B12 availability to bind to the intrinsic fac-
tor. In elderly patients, low gastric acid production, reflected 
in elevated serum gastrin levels, has been associated with 
low B12 levels and low B12 absorption, termed food B12 
malabsorption [26–28]. Elderly patients with B12 deficiency 
should undergo a screening upper endoscopy because of the 
association of gastric cancer with chronic H. pylori infection 
as well as the high incidence of gastric cancer and carcinoid 
tumor in patients with PA.

The hallmark laboratory feature of B12 deficiency is a 
vitamin B12 level of less than 200–250 ng/L. However, 
22–30% of these patients may not have evidence of meta-
bolic B12 deficiency as measured by methyl-malonic acid 
levels nor have evidence of megaloblastic anemia or neuro-
logic impairment. These patients may have transcobalomin I 
(holocobalamin) deficiency [22]. The sensitivity of the assay 
used may also affect the number of patients identified 
with valid B12 deficiency [29]. Cobalamin acts as a cofactor 
in several important methyl transfer reactions such as 
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 conversion of methyl tetra hydrofolate to tetrahydrofolate, 
which participates in the generation of thymidine from ura-
cil, the conversion homocysteine to methionine and the con-
version of methyl malonyl CoA to succinyl CoA. As a result 
of cobalamin deficiency, these reactions are inhibited with a 
resulting increase in methyl-malonic acid (MMA), and 
homocysteine. In addition, as a result of reduced folate poly-
glutamation, folates tend to leak out of the red blood cells, 
resulting in a decrease in intracellular RBC folate and an 
increase in serum folate levels. Carmel recommends using at 
least two tests, vitamin B12 levels and either MMA or homo-
cysteine levels, to confirm metabolic abnormalities [30]. 
These levels should be drawn before B12 supplementation 
starts, because they rapidly normalize with treatment [30]. 
Unfortunately, the Schilling’s test is no longer widely avail-
able, making it difficult to confirm the specific diagnosis of 
PA. Intrinsic factor antibody tests, positive in 40–60% of 
patients with PA, should be drawn prior to intramuscular 
B12 replacement [30].

B12 deficiency responds rapidly to replacement treat-
ment. Carmel recommends initial intramuscular replacement 
of 1,000 mg. Weekly doses can be given for 4 weeks to 
replace the stores followed by monthly supplementation 
[30]. Reticulocyte response occurs about a week after the 
initial treatment and complete hematologic recovery (nor-
malization of the hemoglobin and MCV) should occur by 8 
weeks. In spite of very low hemoglobin values at presenta-
tion, transfusions are rarely needed and should be reserved 
for the patient with cardiac compromise. Daily oral B12 
replacement may be more expensive and may be less reliable 
than intramuscular treatment since it relies on patient 
compliance.

Folate Deficiency

Folate requirements are much higher and stores are lower 
than cobalamin deficiency [31]. As a result, anemia due to 
folate deficiency develops within as little as 2 weeks with 
inadequate intake [21, 22]. In the Leiden 85 study, folate 
deficiency had a more profound effect on the development of 
anemia than did cobalamin deficiency [16]. Fifty percent of 
the folate in food is lost with cooking. Because of concerns 
of neural tube defects in the fetus, food and vitamin fortifica-
tion with folate has significantly reduced the incidence of 
folate deficiency in the elderly. Nevertheless, elderly patients 
in countries where folate fortified products are not available, 
patients with jejunal disease, patients receiving dilantin ther-
apy, patients with bacterial overgrowth, chronic dialysis and 
alcoholic patients may develop folate deficiency [22]. 
Alcohol reduces folate absorption and is often coupled with 
poor dietary intake [22]. Folate is crucial in the generation of 

thymidine from uracil, so the lack of folate results in impaired 
DNA synthesis and macrocytosis and megaloblastosis. Red 
cell measurements are not widely available so the diagnosis 
relies on serum levels. Homocysteine levels may also be high 
in folate deficiency. However, MMA levels are not increased 
unless there is concurrent B12 deficiency. Folate replace-
ment can be given orally and is highly and rapidly effective. 
The recommended daily dosing, for non-pregnant patients, is 
400 mg daily [31].

Anemia of Chronic Inflammation

Aging is an inflammatory process [32]. The prevalence of 
anemia of chronic inflammation increases with increasing 
age. Alterations in cytokines with advancing age may con-
tribute to anemia, as well as the “frailty” of older patients 
[32].The findings of a low serum iron, a low iron binding 
capacity, an elevated ferritin, a low soluble transferrin recep-
tor suggest the diagnosis of anemia of chronic inflammation. 
Chronic inflammatory disorders such as diabetes, arthritis, 
atherosclerosis, and cancer occur more commonly in the 
elderly,and are associated with the production of inflamma-
tory cytokines such as tumor necrosis factor alpha (TNF) 
interferon gamma and Interleukin-6 (IL-6). The metabolic 
syndrome of obesity, hyperlipidemia, and atherosclerosis is 
associated with increased hepcidin production through 
increased activation and transcription of the HAMP gene. 
This may result in the increase in hepcidin production, iron 
immobilization and the development of anemia of chronic 
inflammation (ACI) [33]. Hepcidin induces an internaliza-
tion of the ferroportin receptors on the basolateral membrane 
of the duodenal cells, as well as on the macrophage cell, 
resulting in the inability to absorb and mobilize iron. In 
experimental systems, erythroid colony forming units grow 
poorly when exposed to serum from patients with chronic 
inflammation. T cells from patients who did not respond to 
erythropoietin have been shown to produce increased 
amounts of interferon gamma and tumor necrosis factor 
(TNF). This effect can be reversed using antibodies to either 
TNF alpha or interferon gamma. TNF and gamma interferon 
induce IL-6 production and can be shown to blunt hypoxia 
induced erythopoeitin production [34, 35]. Increases in IL-6 
levels have been demonstrated in patients over the age of 70, 
and have been associated with increasing frailty and 
decreased functionality, anemia and increased mortality [32]. 
In ACI, hepcidin levels increase in response to increased 
IL-6. However, measurable increases in hepcidin were not 
observed in elderly anemic patients [36].

Hormone insufficiency of both estrogen and especially 
testosterone in older patients may have a role in modulating 
cytokine production. Both estrogen and especially  testosterone 
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appear to suppress NF-kappa B, which may allow an increase 
in the transcription of IL-6. Androgens have long been asso-
ciated with an increase in red cell mass observed in men. 
Androgen deficiency in older males contributes to the 
increased incidence of anemia seen in the setting of normal 
bone marrow cellularity. A drop in hemoglobin of 1–2.5 g/dL 
may occur in patients with prostate cancer treated with andro-
gen ablation. In the Invecchiare in Chianti study (In 
CHIANTI) of both men and women over the age of 65, there 
was a linear relationship between testosterone levels and 
hemoglobin levels. Patients with evidence of lower testoster-
one levels were at increased risk for developing anemia sev-
eral years later [34, 37].

When associated with symptoms of anemia, ACI can be 
treated by erythropoietin supplementation. However, the 
effect of erythropoietin supplementation in elderly patients 
with ACI on quality of life and mortality is unknown.

Anemia Due to Renal Insufficiency

Renal dysfunction may be an important cause of anemia in 
the elderly. The decline in renal function with aging even in 
healthy elderly patients is well recognized [38, 39]. A study 
of healthy, non diabetic patients over the age of 60 demon-
strated progressive decline in renal function with aging [39]. 
The presence of anemia was statistically correlated with a 
progressive decline in renal function at 4 years of follow up 
[39]. The reduction in renal function may be exacerbated by 
pre-existing diabetes, hypertension, and medications. As a 
consequence, erythropoietin (EPO) levels in these patients 
are significantly less than would be expected. Renal disease 
associated with diabetic nephropathy can cause a more sig-
nificant degree of anemia even at relatively normal serum 
creatinine levels, with more pronounced suppression of EPO 
production [40]. Significant anemia due to renal insufficiency 
can be treated with erythropoietin supplementation As men-
tioned in the section on iron deficiency, iron supplementation 
with erythropoietin stimulating agents (ESAs) may be indi-
cated in renal failure patients if the serum ferritin is less than 
500 mg/L [14].

Bone Marrow Dysfunction and Myelodysplasia

Although hematologic measurements are the same in elderly 
patients as in younger patients, the ability of the bone mar-
row to respond to increased demands may be blunted in the 
elderly patient [41]. There does appear to be a reduction in 
the reconstituting capacity of hematopoetic stem cells (HSC) 
from older patients compared to younger patients although 

the reason for this is unclear [42]. Stress, such as bleeding or 
infection, may unmask underlying age associated hematopo-
etic defects resulting in an impaired bone marrow response. 
This may be due to a paradoxical reduction in progenitor 
cells compared to the increase in progenitors seen in younger 
patients. Clinically this translates into a reduced reticulocyte 
response to bleeding and an impaired white blood cell 
response to infection [43]. Epigenetic changes, DNA dam-
age, telomere erosion, increased apoptosis, and alterations in 
immune function may play a role [42, 44] (Fig. 16.3).

Myelodysplasia (MDS) is a common cause of bone 
 marrow failure in the elderly. The prevalence increases sig-
nificantly in patients greater than 70 years of age (20/100,000 
patients) [41]. The spectrum of presentations is wide, with 
some patients presenting with isolated anemia, others with 
pancytopenia. Often, the anemia is macrocytic, with normal 
B12, MMA and folate levels. Leukopenia and neutropenia 
are present in 50% of patients with MDS, and thrombocy-
topenia may be the initial presentation in 25% of patients 
[41]. Dysplastic changes such as pseudo Pelger–Huet anom-
aly (bi-lobed neutrophils), or abnormal neutrophil granula-
tion may be seen on peripheral blood smear. However, bone 
marrow evaluation with cytogenetics or FISH for the charac-
teristic cytogenetic changes (5q- , monosomy 5,7 or 8, dele-
tion /t-11q-, etc. ) is the diagnostic test of choice [44]. While 
the French American British classification still used, the 
international prognosis staging score (IPSS), has replaced 
the FAB as the primary mode of classification. IPSS corre-
lates survival with the presence or absence of cytopenias, and 
bone marrow findings such as the percentage of blasts and 
the presence or absence of cytogenetic abnormalities. Based 
on the IPSS, patients with low grade myelodysplasia (IPSS 
<1) have a considerably longer survival (5.7 years) compared 
to patients with IPSS Intermediate 1 (3.5 years), intermedi-
ate 2 (1.2 years), IPSS 2 (0.4 years) [45]. The IPSS is helpful 
in deciding on the appropriate therapy for elderly patients 
with MDS. Patients with low grade MDS may be treated 
with watchful waiting or ESAs. Patients with higher IPSS 
may be candidates for more intensive therapy with such as 
hypo-methylating agents, or histone deacetylase agents.

Thrombocytopenia and Platelet  
Dysfunction in the Elderly

Thrombocytopenia may be seen in elderly patients for 
 multiple reasons. Many of the same disorders associated 
with the development of anemia in the elderly such as B12, 
folate deficiencies or MDS can also be associated with the 
development of thrombocytopenia. Bone marrow failure 
due to MDS is the most common cause of chronic thrombo-
cytopenia in the elderly (see previous section). Acute 
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 thrombocytopenia is often due to infection or medication. 
Drug induced thrombocytopenia, both immune mediated and 
marrow suppressive is common [46]. The list of medications 
inducing thrombocytopenia is extensive. Some of the more 
frequent drugs are listed in Table 16.1. Of particular impor-
tance is heparin induced thrombocytopenia because of the 
frequency of exposure to heparins in the hospital setting and 
high risk of thrombosis and the high mortality seen in the 
disorder (see section on thrombosis).

Immune Thrombocytopenic Purpura

It was previously thought that idiopathic thrombocytopenic 
purpura (ITP) occurred most often in young female patients 
with less than 10% of cases occurring in patients over the age 
of 60 [47]. However, in a recent epidemiologic analysis by 
Abramson, it is clear that not only does the incidence of ITP 
increase significantly in patients greater than 60 years of age, 
but there is a male predominance in the older age population 

[48]. Clinically significant fatal bleeding also increases with 
age [49]. ITP is a disorder characterized by antibody medi-
ated increased platelet clearance as well as and decreased 
platelet production [50, 51]. Serum thrombopoetin (TPO) 
levels are not elevated in most cases of ITP. TPO is produced 
in the liver, binds to the megakaryocyte and platelet, and is 
removed from the circulation with clearance of the platelet. 
TPO levels may be low in liver disease and may contribute to 
the reduction of platelets seen in patients with liver dysfunc-
tion. In chronic ITP, significant bleeding usually does not 
occur until the platelet count drops below 30,000/mcL. 
Therefore, treatment intervention may not be required if the 
patient is asymptomatic and has a platelet count of greater 
than 30,000/mcL. However, if the platelet count falls below 
30,000/mcL or the patient has bleeding manifestations inter-
vention may be required. The treatment approach is twofold: 
first, to acutely increase the platelet count to minimize the 
bleeding risk using corticosteroids such as prednisone or 
high dose dexamethasone, anti-RhD or Intravenous immu-
noglobulin (IvIG). Second is to suppress antibody produc-
tion using immunologic modulators such as azathioprine, 

Fig. 16.3 Effect of aging on hematopoetic stem cells and the develop-
ment of blood disorders. Proposed HSC aging mechanisms and their 
relationship to blood aging phenotypes. Stem cells accrue DNA damage 
with age, while the slow cycling of the HSC pool results in telomere 
erosion. To contain the risk of oncogenesis, cells have defense mecha-
nisms which can sense genomic damage and trigger programmed cell 
death or permanent cell-cycle arrest (apoptosis and cellular senescence). 
As the burden of unrepaired damage in the stem cell pool increases, the 
frequency with which these pathways are activated in HSCs and their 
downstream progeny rises, and average HSC regenerative potential 
falls. Although this does not lead to stem cell exhaustion in normal 
aging, the reserve capacity to meet hematopoietic stress is reduced. 

Genomic damage and epigenetic instability can also lead to malig-
nant transformation of HSCs, progenitors or effector cells, manifes-
ting acutely as cancer or chronically as myeloproliferative disorders. 
Changes in gene expression with age alter the propensity for HSCs to 
differentiate towards different blood cell lineages, a phenomenon 
known as “lineage skewing.” Lymphoid progenitor numbers are 
reduced in old age, contributing to a fall in the production of naïve B 
and T cells. A shift in the peripheral lymphocyte population towards 
antigen-experienced memory cells and away from naïve cells under-
writes the declining response to infection which typifies immunose-
nescence (Reprinted from Warren and Rossi [42], Copyright 2009, 
with permission from Elsevier)
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cyclosporine, or rituximab. Splenectomy can induce an 
unmaintained complete remission in 65% of patients refrac-
tory to initial treatment [52].

A new approach in refractory patients is the enhancement 
megakaryopoesis and platelet production with thrombopoi-
etin receptor agonists, which have recently become available 
[53, 54]. Achieving a platelet count of 50,000/mcL or greater 
appears to be associated with a significant reduction in clini-
cal bleeding related episodes [55].

Cardiac bypass may be associated with thrombocytopenia 
due to mechanical disruption of the platelets [56, 57]. “Late” 
thrombocytopenia, occurring greater than 5 days post bypass 
has been associated with prolonged hypothermia [58]. MDS 
may also be associated with platelet dysfunction as well as 
thrombocytopenia with significant clinical bleeding manifes-
tations [59]. Medications which purposefully induce platelet 
dysfunction such as aspirin (ASA), clopedigril, and platelet 
glycoprotein IIbIIIa antagonists are commonly used in the 
elderly population.

Coagulation Disorders and Thrombosis

Coagulation parameters are very stable throughout adult life. 
There do not appear to be any specific alteration of the hemo-
static system with aging. However, disorders of coagulation 
are common in the elderly due to liver dysfunction, anti-
coagulant therapy, sepsis, and acquired factors inhibitors.

Acquired factor inhibitors, albeit rare, occur with increased 
frequency in the elderly and may cause massive hemorrhage 
[60]. These acquired antibody inhibitors may develop after 
exposure to antibiotics,or vaccines, occur in patients with 
underlying immune or lymphoproliferative disorders, or may 
be idiopathic [60, 61]. Patients with inhibitors have markedly 
abnormal coagulation profiles depending on the nature of the 
inhibitor. The most frequent acquired inhibitor is against fac-
tor VIII. These patients with “acquired” hemophilia, present 
with profound, life threatening hemorrhage and marked pro-
longation of the aPTT. Unlike classical hemophilia patients, 
the inhibitor patients may present with mucosal and skin 
bleeding, as well as deep tissue and retroperitoneal bleeding. 
Prompt recognition of the process is crucial for a positive 
outcome. The treatment goals are: first, control of the hemor-
rhage using either recombinant Factor VIIa, FEIBA, or  
porcine factor VIII; second, suppression of antibody produc-
tion. Corticosteroids and cyclophoshamide as well as ritux-
imab, cyclosporine and azothioprine have been used 
successfully [61]. A nonrandomized study conducted by the 
United Kingdom Hemophilia Center Doctors’ Organization 
(UKHCDO) did not find a significant difference among the 
groups treated with steroid alone, or with a combination of 
steroids and cytotoxic agents (76 vs. 78%) [62]. Aggarwal 
et al. treated four patients with autoimmune hemophilia and 
high-titer inhibitors with rituximab and observed durable 
complete response in two of them. The other two patients 
initially responded, then relapsed but responded to second 
courses of rituximab and prednisone [63]. Rituximab has 
been successfully used to treat patients with very high-titer 
acquired factor VIII inhibitors refractory to conventional 
chemotherapy [64, 65].

Thrombosis in the Elderly

In the elderly, anticoagulation therapy is frequently used to 
prevent cerebral vascular events in patients with atrial fibril-
lation, to prevent and treat venous thromboembolism (VTE). 
However, it is associated with an increased risk of bleeding. 
The incidence of venous thromboembolism is a phenomenon 
of aging. In patients aged 19, incidence of VTE is 1per 
100,000 patients. However, starting at age 50 the incidence 
increases dramatically, with an incidence of 1/1,000 patients, 

Table 16.1 Drugs that may commonly cause thrombocytopenia a

Number of reports

Definite Probable
Drug (brand name) Evidence Evidence

Abciximab (ReoPro) 6 7
Acetaminophen (Tylenol, Panadol,  

and others)
3 4

Carbamezapine (Tegretol) 0 10
Chlorpropamide (Diabinese) 0 5
Cimetidine (Tagamet) 1 5
Danazol (Danocrine) 3 4
Diclofenac (Cataflam and Voltaren) 2 3
Efalizumab (Raptiva) 0 6
Eptifibatide (Integrilin) 2 7
Gold (Ridaura, Solganal, and others) 0 11
Hydrochlorothiazide (Aquazide-H,  

Esidrix, and others)
0 5

Interferon-a (Roferon-A and Intron A) 1 6
Methyldopa (Aldomet) 3 3
Nalidixic Acid (NegGram) 1 5
Quinidine (Quinaglute, Cardioquin,  

and others)
26 32

Quinine (Quinamm, Quindan,  
and others)

14 10

Ranitidine (Zantac) 0 5
Rifampin (Rifadin, Rimactane) 5 5
Tirofiban (Aggrestat) 2 6
Trimethoprim/sulfamethoxazole  

(Bactrim, Septra, and others)
3 12

Vancomycin (Vancoled) 3 4
Source: Reprinted with permission from George and Aster [46]
a Data from www.ouhsc.edu/platelets. Drugs were selected for this table 
because they had five or more published reports of individual patient 
data or group data with definite or probable evidence for a causal rela-
tion to thrombocytopenia
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in patients with cancer the incidence is 1/250 patients, and 
the risk for patients with cancer getting chemotherapy is 
1/100 (Fig. 16.4) [66]. In the elderly, survival after venous 
thromboembolism is lower than younger patients, and sur-
vival after pulmonary embolism is much worse than after 
deep vein thrombosis alone [67]. The risk of early death 
among elderly patients with symptomatic pulmonary embo-
lism is 18-fold higher compared to patients with deep vein 
thrombosis alone [67]. Most patients with underlying con-
genital hypercoaguable states usually present before the age 
of 50. However, elderly patients have multiple acquired risk 
factors for VTE, which predispose them to thrombosis inde-
pendent of an underlying genetic risk. These include cancer, 
hip fractures, surgical procedures, hormone replacement 
therapy (HRT), and congestive heart failure. In a recent pro-
spective analysis of 4486 consecutive patients with deep vein 
thrombosis (DVT), elderly patients (mean age 78) were more 
likely to have history of a recent hospitalization (49.2 vs. 
44.7% p = 0.03), congestive heart failure (20.5 vs. 9.9% 
p < 0.0001), and recent immobilization (50.5% vs. 39.6% p 
<0.0001) compared to younger patients (mean age 51) [68]. 
In this elderly cohort, other comorbidities such as stroke, 
pneumonia, and chronic obstructive pulmonary disease were 
common. Elderly patients with DVT were less likely to pres-
ent with symptoms of leg pain [68]. Less than half of the 
patients (41%) had received DVT prophylaxis [68, 69]. In 
view of this, anticoagulation prophylaxis has been strongly 
recommended for hospitalized elderly patients [68–70] 
(Fig. 16.5). Patients over the age of 40, with high risk surger-
ies, such as orthopedic, gynecologic, urogenital, abdominal 
surgery, cardiothoracic surgery, patients with myocardial 

infarction should receive VTE prophylaxis [69]. Patients 
with cancer, and hip surgeries should be considered for 30 
day extended prophylaxis [71, 72]. Low molecular weight 
heparins, fondiparinux (1A recommendation) as well as 
unfractionated heparin three times per day subcutaneously 
(1A recommendation), can be given for prophylaxis [70].

The treatment for patients with VTE should always start 
with either low molecular weight heparin (LMWH), fondip-
arinux (FDX) or unfractionated heparin. Vitamin K antago-
nists (VKA) should not be used acutely to treat the thrombosis 
as it takes at least 5 day to lower the vitamin K dependent 
clotting proteins regardless of the dose of VKA used [73]. 
With the exception of Tinzaparin, which may be used with a 
creatinine as low as 30 mL/min, patients with renal insuffi-
ciency should be treated with unfractionated heparin either 
intravenously or subcutaneously. Patients can then be transi-
tioned to vitamin K antagonists such as warfarin, for second-
ary prophylaxis once antithrombotic therapy with heparins 
or anti Xa treatment has been started [70]. Antithrombotic 
therapy with heparins should be continued for a minimum of 
5 days (even with a therapeutic INR) and until the prothrom-
bin time (PT) INR is 2.5 for 24 h. Patients with active cancer 
should not be transitioned to warfarin, but continue on low 
molecular weight heparin as their secondary prophylaxis 
[70]. Two clinical trials in patients with active cancer receiv-
ing chemotherapy demonstrated significant reductions in 
recurrent events using the low molecular weight heparins, 
dalteparin (CLOT) or tinzaparin (LITE) compared to VKA 
[74, 75] The duration of anticoagulationcan be determined 
by the clinical circumstances associated with the develop-
ment of the VTE. As per ACCP guidelines, anticoagulants 

Fig. 16.4 Annual incidence of all venous thromboembolism, deep 
vein thrombosis (DVT) alone, and pulmonary embolism (PE) with or 
 without deep vein thrombosis (PE (±) DVT) among residents of 
Olmsted County, Minnesota, from 1966 to 1990, by age (Reprinted 
with permission from Silverstein et al. [66], Copyright © 1998 American 
Medical Association. All rights reserved.)

Fig. 16.5 Risk factors for VTE: a population-based case contolled 
study based case control study (Reprinted with permission from Heit 
et al. [110], Copyright © 2000 American Medical Association. All 
rights reserved.)
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for provoked events should be given for 3 months. Patients 
with idiopathic DVT or patients with pulmonary embolism 
should receive at least 6 months of treatment. Patients with 
persistent risk factors, evidence of residual clot or increased 
plasma D-Dimers after VKA treatment has stopped should 
be considered for longer treatment [70].

Because of the narrow therapeutic window, risk of serious 
bleeding and the need for strict monitoring with VKA, sev-
eral new oral anticoagulants have been developed. In the 
recent RE-COVER trial, dabigtran, an oral direct thrombin 
inhibitor, was given to patients with DVT/PE following ini-
tial intravenous heparin or subcutaneous LMWH therapy. In 
this randomized, double blind, double dummy trial, patients 
were treated with warfarin or dabigatran for 6 months. There 
was no evidence of inferiority of the dabigatran, compared to 
the warfarin, and no evidence of increased bleeding on the 
dabigatran arm [76]. Unlike warfarin, dabigatran has a wide 
therapeutic window and does not need monitoring. Recent 
studies evaluating the role of an oral direct factor Xa inhibi-
tors, Rivaroxiban, and (Apixiban) are quite promising both 
for treatment and prophylaxis [77–79]. Although approved 
in Europe and Canada, these medications are still awaiting 
US Federal Drug Agency (FDA) approval.

Heparin Induced Thrombocytopenia

Heparin use in cardiac and vascular surgery patients is ubiq-
uitous. Therefore, the differential diagnosis of thrombocy-
topenia in these patients must include consideration of 
heparin-induced thrombocytopenia (HIT). HIT is the most 
significant adverse event associated with heparin use. HIT is 
an immunologic disorder that places patients at a signifi-
cantly higher risk of developing venous and arterial throm-
bosis, and is associated with a substantial mortality 
[80, 81–87]. In contrast to other forms of thrombocytopenia, 
HIT is not associated with bleeding.

The diagnosis of HIT is based upon clinical findings, 
including the development of thrombocytopenia and/or 
thrombosis during or immediately following heparin use [80, 
82, 83, 85, 88, 89]. Rapid onset HIT can occur as early as 24 h 
of heparin treatment in patients who have been exposed to 
heparin within previous 100 days and have developed HIT 
antibodies [90]. While the development of thrombocytopenia 
or an unexplained decrease in the platelet count (>50% of 
pretreatment baseline) during heparin exposure is the clinical 
hallmark of this disorder, thrombotic complications develop 
in 30–70% of HIT patients accounting for much of the mor-
bidity associated with this diagnosis [84, 85, 88, 89]. The 
death rates due to thrombosis in these retrospective studies 
are between 40 and 50% [84, 85, 88, 89]. Thrombotic compli-
cations may occur even when the platelet count nadir remains 

greater than 150 × 109/L [88]. Severe  thrombocytopenia 
(platelet count less than 20,000) is rare with HIT. In large 
clinical studies of HIT, the median platelet count nadir is in 
the range of 50–60 × 109/ L [84, 85, 89]. The development of 
new thrombosis or progression of an existing venous or arte-
rial thrombosis in a patient receiving heparin, particularly if 
accompanied by a drop in the platelet count is highly sugges-
tive of HIT. The incidence of HIT varies depending upon the 
patient population, duration and type of heparin utilized, and 
medical or surgical procedure [81–85, 89–95]. Unlike ITP, 
where antibody mediated platelet clearance and impaired 
platelet production reduce the platelet count, HIT is an immu-
nologic disorder in which there is a polyclonal antibody 
response against neo-antigens expressed on platelet factor 4 
(PF4) as a result of heparin binding to this protein. The anti-
body induces platelet activation by binding to the platelet Fc 
receptor [96, 97]. Platelet activation is mediated exclusively 
by IgG antibodies directed against the heparin-PF4 complex 
[96–98]. The larger heparin molecules, unfractionated hepa-
rin, induce larger PF4 bundles which cause greater antibody 
binding. This may explain the greater incidence of HIT 
observed with unfractionated heparin as opposed to low 
molecular weight heparin.

The binding of the heparin-PF4 complex by the Fc 
domain of the HIT IgG antibodies through the platelet 
Fc receptors results in platelet activation and vesiculation 
[99, 100].The activated platelets release membrane micropar-
ticles, which express P-selectin capable of to binding mono-
cytes and inducing tissue factor expression, the initiator of 
the coagulation cascade [101, 102]. However, Heparin-PF4/ 
HIT IgG complexes have also been reported to indepen-
dently induce tissue factor expression and cytokine release 
from monocytes and macrophages [103]. Tissue factor gen-
eration activates coagulation leading to significant thrombin 
generation, which in turn activates and aggregates more 
platelets which worsens the thrombocytopenia. Clinical HIT 
is similar to disseminated intravascular coagulation, since 
both syndromes are mediated by excessive thrombin genera-
tion resulting in thrombosis and increased platelet consump-
tion [104]. While venous thrombosis predominates over 
arterial thrombotic events at a rate of 4:1, the targeting of 
specific thrombotic events in patients with HIT can be 
explained in part by the clinical circumstances associated 
with the development of HIT [83]. Patients who develop 
HIT during treatment of venous thrombosis are most likely 
to develop new or progressive venous thromboembolism. 
Antecedent arterial events may precipitate additional arterial 
thromboses. If HIT is not diagnosed promptly and appropri-
ately treat treated, thrombotic events at multiple sites can 
occur as seen is patients with disseminated intravascular 
coagulation [105].

Appropriate platelet monitoring is essential to the early 
diagnosis of HIT. In heparin naive patients, the platelet count 
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should be monitored every other day beginning 5 days after 
starting heparin. In patients with previous heparin exposure, 
the platelets should be monitored with the start of heparin 
use. A 50% or greater decrease in platelet count from the 
pre-treatment platelet count should alert the clinician to 
development of HIT [80, 82, 106]. The development of plate-
let activating, non-complement fixing IgG antibodies directed 
against the complex of heparin and platelet factor 4 is the 
hallmark of this disorder [90, 96, 97, 106]. Confirmation of a 
clinical suspicion of HIT requires serologic screening for 
HIT associated heparin/platelet factor 4 (H/PF4) antibodies 
[90, 96, 97]. Prospective studies of H/PF4 antibody forma-
tion indicate that clinical HIT occurs in a minority of patients 
who form antibodies [107]. Antibody detection can be per-
formed by either the use of functional assays which detect 
antibodies capable of inducing platelet activation (serotonin 
release assay), or by a PF4/heparin immunoassay (ELISA). 
H/PF4 ELISA has significant sensitivity (>90–95%) and 
specificity (80–90%) [106]. A negative ELISA has a strong 
negative predictive value of >95%, suggesting an alternate 
diagnosis for thrombocytopenia. A strongly positive ELISA 
is also more likely to be associated with a positive functional 
assay as determined by either a washed platelet C14-serotonin-
release assay (SRA) or heparin-induced washed platelet 
aggregation assay [106]. A positive platelet SRA or platelet 
aggregation assay has a reported sensitivity of greater than 
90% and specificity for clinical HIT of greater than 95% 
[106]. The combined use of both the PF4/heparin ELISA and 
a functional assay provide a diagnostic sensitivity approach-
ing 100% for clinical HIT [106].

Prompt recognition of the disorder, immediate cessation 
of all forms of heparin and rapid initiation of a direct throm-
bin inhibitor such as argatroban, lepirudin or bivalrudin is 
essential in reducing the morbidity and mortality in HIT. 
Approximately 50% of patients with HIT presenting with 
thrombocytopenia alone will develop thrombosis with only 
discontinuation of heparin [83]. The use of warfarin alone in 
these patients is not protective and warfarin loading after a 
diagnosis of HIT can result in severe thrombotic complica-
tions, such as ischemic limb gangrene [83, 108]. Other 
thrombotic complications reported in patients with HIT 
include overt DIC with hypofibrinogenemia, adrenal necro-
sis, and cutaneous necrosis at the sites of heparin injections 
[80, 88]. Patients can be transitioned to warfarin after the 
platelet count has completely recovered, indicating the 
reduction in thrombin generation. HIT appears to be a unique 
event in many patients, without recurrence. However, 
patients within 100 days of diagnosis should not receive any 
form of heparin therapy [90, 109]. Patients beyond 100 days 
may receive heparin, if indicated, but should have daily 
platelet counts monitored. Antibody testing should be 
closely followed to make sure the patient does not have a 
recurrence.

As the general population ages, knowledge of the unique 
hematologic problems seen in the elderly will become 
increasingly important. Prompt recognition and intervention 
may result in an improvement in the quality of life and a 
reduction in mortality in elderly patients.
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Abstract This chapter covers the delicate balance of the use 
of anticoagulation in older surgical patients, including those 
undergoing cardiothoracic (CT) surgery, and those with exist-
ing prosthetic valves who undergo other surgeries. Increasing 
age, alone, augments the risk of thromboembolic events in 
addition to comorbidities commonly seen in older patients 
(prior stroke, diabetes, atrial fibrillation and cancer). Older 
patients are also more prone to bleeding due to inadvertent 
over-anticoagulation, comorbidites (GI bleeding), and other 
medications affecting bleeding. Managing the older surgical 
patient on chronic oral anticoagulation therapy (OAT), when 
to stop therapy, when to use bridging therapy with heparin, 
when and how to reverse OAT, and how to resume OAT is 
covered. This section includes recommendations for patients 
with prosthetic heart valves. Strategies for venothromoembo-
lism (VTE) prophylaxis in the perioperative period of specific 
surgeries is presented with multiple agents. Lastly, post-sur-
gical conditions requiring anticoagulation such as VTE, atrial 
fibrillation, myocardial infarction, and valve implantation are 
presented. Age-specific reductions in warfarin loading and 
maintenance doses as well as strategies to reduce major 
bleeding events and intracranial hemorrhage are covered.

Keywords Anticoagulation • Heparin • Bleeding • DVT 
prophylaxis • Warfarin • Direct thrombin inhibitors 
• Prosthetic valves

Anticoagulation in the older surgical patient presents a unique 
set of challenges which are centered on balancing the increased 
risk of thrombosis versus the elevated bleeding risk. This chap-
ter covers several facets of the interface between anticoagulation 
and surgery: (1) the older patient on chronic oral anticoagulation 
therapy (OAT) who will undergo surgery, (2) surgeries that 
require post operative anticoagulation, (3) venothromboembo-
lism (VTE) prophylaxis and (4) post operative events that 
require anticoagulation. The term “anticoagulation” in this 

chapter will refer to the use of vitamin K antagonists (VKA), 
heparins and direct thrombin inhibitors (DTI) mainly, but will 
touch on the use of antiplatelet agents in older surgical patients 
where applicable. Age-associated changes in dosing and phar-
macology, and specific risk-benefit issues in the older patient 
will be discussed as well as pertinents of the specific agents. 
Strategies to minimize bleeding risk in older adults will also be 
addressed. Guidelines for the perioperative management of anti-
thrombotic therapy were updated in 2008 by the American 
College of Chest Physicians [1].

Special Considerations  
for Anticoagulating Older Patients

Risk/Benefit Changes

Whether older surgical patients are on chronic anticoagula-
tion prior to surgery or require such therapy post-operatively, 
their advanced age alone increases their risk of both throm-
bosis and bleeding. Other factors such as multimorbidities, 
polypharmacy, and important changes in organ physiology 
that often accompany the aging process may significantly 
impact the risks of thrombosis and bleeding, as well as anti-
coagulant dosing. Adding to the complexity of anticoagulant 
use in older adults, the narrow therapeutic index of these 
medications requires especially astute vigilance in monitor-
ing in seniors. Accordingly, anticoagulant medications are 
the most common cause of in-hospital adverse drug events 
causing significant morbidity and mortality, as well as one 
the most common classes of medications associated with 
outpatient adverse drug events [2–4].

Increased Thrombotic Risk in Older Adults

Several age-associated changes increase the thrombophilic 
state of older adults including changes in coagulant factors, 
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platelet adhesiveness, and a reduction in thrombolytic 
activity [5, 6]. Increases in tissue plasminogen activator (tPA), 
plasminogen activator, fibrinogen, Factors V, VII, VII and IX, 
proteins S and C and von Willebrand factor all increase with 
advancing age [7]. Although there are alterations in antico-
agulant factors as well, the balance is tipped toward the hemo-
static state. Decreased plasminogen tissue activator inhibitor 
1 (PAI1) reduces the thrombolytic activity in older adults [6]. 
In addition to age-associated changes in platelet proclivity to 
aggregate, the older adult is rendered more prone to throm-
boembolic events due to changes in the endothelial wall and 
increases in inflammatory factors such as IL-6, all of which 
promote hemostasis [6]. Moreover, age-associated changes in 
venous valves render them less able to coapt which may 
increase venous pooling and reduce venous return, both of 
which increase vulnerability of the older patient to VTE. It is 
also more likely for a person of advanced age to have a his-
tory of deep vein thrombosis (DVT) or leg trauma which may 
further increase their risk of recurrent DVT due to endothelial 
injury. Comorbidities (malignancies, prior stroke, myelodys-
plasias) and frailty may also render some surgical patients 
more immobile post-operatively contributing to blood stasis. 
These changes significantly augment the risk of older adults 
for VTE, pulmonary embolism (PE), stroke, coronary events 
and, rarely, arterial thromboses as well as an increase in pros-
thetic valve and vascular graft thrombosis [8].

Increased Risk of Bleeding in Older Adults

Given that aging is associated with a thrombophilic state, the 
choice to therapeutically reduce this risk would be evident 
were it not for the coincident increase in bleeding risk in 
seniors. Fragility of skin and reduction in subcutaneous fat 
increases the incidence of bruising and superficial bleeding. 
Moreover, aging changes and comorbidities commonly seen 
in older adults may lead to more significant and life altering 
or deadly bleeding events [9]. In older patients, gastrointesti-
nal (GI) bleeding is more commonly associated with 
Helicobactor pylori infection [10] and gastritis, a history of 

ulcer disease, and diverticulosis are more prevalent. 
Intracranial hemorrhage (ICH) is also more common in 
seniors, and is thought to be due to microvasculopathy as 
well as trauma from falls [10, 11]. Adverse bleeding events 
can also be associated with metastatic cancer, especially 
intracranially lesions. Several frequently taken medications 
in this age group increase the risk of bleeding, including anti-
inflammatory drugs (non-steroidal and steroids) and other 
medications which impact hemostasis including aspirin, 
thienopyridines, selective serotonin reuptake inhibitors and 
several herbal substances (garlic, gingko biloba) [12, 13]. 
Polypharmacy in the older patient also increases the risk of 
drug-drug interactions, especially with VKA. In fact, much 
of the elevated bleeding risk in older adults on chronic anti-
coagulation is due to supratherapeutic levels, often caused by 
these interactions [10, 11, 14]. As warfarin is bound to 
plasma protein, those with poor nutrition, synthetic liver dys-
function and/or heart failure may require much lower doses 
of VKA to achieve therapeutic protimes [14]. Reduction in 
VKA dose over time occurs as a function of age as is dis-
cussed below [15]. In addition, age-related decline in kidney 
function impacts the dosing of renally cleared anticoagu-
lants, low molecular weight heparins and fondaparinux and 
creatinine clearance (CrCl) must be calculated in all older 
patients to accurately measure their kidney function before 
considering or dosing such medications [1, 16].

Specific Contraindications for Chronic  
Oral Anticoagulation

Because of the significant elevation in thrombotic risk in 
older adults, chronic OAT is often recommended [17]. 
However, given the increase in risk of major bleeding events, 
falls, ICH and GI bleeding, prescribing OAT is often met 
with understandable concern. It is important to place this 
concern in the context of the published absolute and 
relative contraindications for OAT, noting that many of 
the most feared risks do not constitute contraindications 
(Table 17.1) [17].

Table .17.1 Contraindications to chronic oral anticoagulation therapy

Absolute Relative No contraindication

Bleeding diathesis
Thrombocytopenia (<50,000/mL)
Untreated or poorly controlled 

hypertension 
(consistently>160/90 mmHg)

Noncompliance with medication 
or INR monitoring

Significant alcohol use 
(>60 mL/d)

Conventional NSAID use 
(without cytoprotection)

Participation in activities 
predisposing to trauma

Predisposition to falling
Perceived inability to adequately control INR status because 

of age
Conventional NSAID use with misoprostol or proton pump 

inhibitor
Cyclooxygenase-2 inhibitor-specific NSAID use
Recent, resolved peptic ulcer disease bleeding (with 

Helicobacter pylori testing and treatment)
Pervious stroke

Source: Data from Man-Son-Hing [10]
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Pharmacologic Changes

Taken together, increased thrombotic risk and elevated bleed-
ing risk in older adults magnifies the importance of vigilant 
use of anticoagulant medication to keep them in their narrow 
therapeutic window. This can be challenging, given the issues 
of a vulnerable substrate, polypharmacy and multimorbidi-
ties which can additionally affect the delicate hemostatic bal-
ance [14]. Important changes in pharmacokinetics and 
pharmacodynamics with advancing age impact drug dosing 
and metabolism must be appreciated to reduce bleeding and 
thromboembolic complications.

Dosing Considerations

Changes in body composition alter the distribution of fat 
with aging, and may impact the storage and metabolism of 
some medications. VKA are highly protein bound, and lower 
doses may be required in states of poor nutrition, synthetic 
liver dysfunction, heart failure, or with the use of other highly 

protein bound drugs such as diltiazem [13, 18]. There are no 
significant aging alterations in liver metabolism of drugs 
including cytochrome P450 3A4 enzyme activity. Both the 
loading and maintenance dose of warfarin decrease as a 
function of age, regardless of interaction medications 
(Fig. 17.1). In a study of 107 consecutive OAT patients over 
70 years old (mean age 85 years), the typical loading dose of 
5 mg daily resulted in supratherapeutic protime international 
ratio (INR) in 82% of females and 65% of men [19]. The 
investigators report 4 mg/day load resulted in a significantly 
higher portion of patients in the therapeutic range more rap-
idly. These data also highlight that, due to changes in body 
composition and size, women usually require lower loading 
and maintenance doses of VKA. Maintenance doses of VKA 
also decline with age at a rate of 0.4 mg/week/year [18]. This 
premise argues that older adults need to have their protime 
monitored in less than monthly intervals to avoid suprathera-
peutic anticoagulation [14]. In addition to the multitude of 
drugs that alter the metabolism of VKA, patients must also 
be wary of excessive intake of vitamin K, which can be found 
in many liquid nutritional supplements to augment nutrition, 

Fig. 17.1 With advancing age, 
the mean daily (Panel A) dose of 
warfarin declines and, over time, 
this translates to a dose decline 
of approximately 0.4 mg/week/
year (Panel B) (Reproduced with 
permission from ref. [14])
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in the hospital, rehabilitation, chronic care and home settings 
(Table 17.2). When chronic OAT is initiated, patient and 
family education significantly improve the time in therapeu-
tic levels as does frequent monitoring and use of dedicated 
anticoagulation clinics [20, 21]. It is important to note that 
approximately 50% of seniors take over-the-counter vita-
mins, herbals, and supplements but only 49% report their use 
to their care providers [22]. As many of these substances 
may interact with VKA, a careful prescription and OTC 
medication list must be exchanged and monitored to avoid 
untoward interactions.

Anticoagulants which are primarily cleared renally, such 
as low molecular weight heparin and fondaparinux, may be 
contraindicated or must be dose adjusted in older patients 
with chronic kidney disease, or even age-related kidney dys-
function. As such, calculating the creatinine clearance of 
candidate patients is important to avoid supratherapeutic lev-
els and resultant dangerous bleeding events [1, 16].

Strategies to Reduce Bleeding Risk

Given the delicate balance between the increased thrombotic 
and bleeding risks in older patients, strategies to shift the bal-
ance to safer anticoagulation should be employed when pos-
sible. Pharmacologic anticoagulation-induced bleeding can 
result in significant morbidity and mortality, especially in 
older surgical patients. In addition to age-appropriate dosing, 
frequent monitoring to maintain therapeutic levels, and 
minimizing interacting and synergistic medications in older 

patients, implementation of specific precautions can reduce 
bleeding risk [4, 14, 20].

Surgical Site

When anticoagulation is clinically indicated postoperatively, 
either as continuation of ongoing chronic OAT, as a treat-
ment or as VTE prophylaxis, adequate hemostasis of the sur-
gical site must be established first. To reduce surgical site 
bleeding, anticoagulation with UFH should be initiated, often 
without a loading bolus. Starting or restarting anticoagula-
tion is dependent on the impact of the bleeding risk (i.e., 
intracranial bleeding risk with neurosurgery), and the type of 
surgery. These are addressed in specific sections below. In 
the setting of cardiac surgery, concurrent aspirin and/or 
thienopyridines use increase surgical site bleeding [23]. It is 
important to note that the most vulnerable bleeding sites may 
not be overtly visible, such as pericardial or anastomotic site 
bleeding, and careful vigilance for these risks is important.

Gastrointestinal Bleeding

Active GI bleeding is a contraindication to starting or continu-
ing anticoagulation. In contrast, a history of peptic ulcer bleed-
ing increases the risk of GI bleeding on anticoagulation by 
13.5-fold, but this risk declines to 1.3%/year if Helicobacter 
pylori is screened and treated [17]. Concomitant use of 
non-steroidal anti-inflammatory drugs (NSAIDs) significantly 
increases the risk of GI bleeding to 4.5%/year for those on 

Table 17.2 Medications and supplements commonly prescribed in older adults which impact protime INR

Drugs that increase INR Drugs that decrease INR

Antiarrhythmics Lipid meds Thyroid replacement Liquid nutritional supplements
Amiodarone Gemfibrozil GI medications Boost®

Propafenone Lovastatin Sulcrafate Ensure®

Quinidine Analgesics Neuropsych meds Glucerna®

ID medications Acetominophen Carbemazepine Carnation instant breakfast®

Azithromycin Aspirin Clozapine Resource®

Cephalosporins NSAIDs Haldoperidol Equate®

Doxycycline Alcohol Phenytoin Calcium supplements
Erythromycin Endocrine meds Trazodone Viactiv®

Flu vaccine Methimizole ID medications Herbal
Fluconazole Sulfonamides Cyclosporine St. John’s wort
Macrolides Neuropsych meds Rifampin Ginseng
Metronidazole SSRIs Spironolactone Green tea
Miconozole Valproate Raloxifene Coenzyme Q10
Quinolones Tramadol Cholestyramine Soy products
Sulfamethoxazole Propanolol
Tetracycline Herbal

Tamoxifen Cassia
GI medications Garlic

Cimetidine Gingko biloba
Omeptrozole Feverfew
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chronic OAT. If NSAIDs must be used, cotreatment with a pro-
ton pump inhibitor or a cytoprotective agent such as misopros-
tol, reduces the bleeding risk by 50% [10]. Surgical patients 
being discharged on chronic anticoagulation should be edu-
cated on the risk of NSAID use as well as alcohol use, which 
is a relative contraindication for chronic OAT (Table 17.1).

Intracranial Hemorrhage

The incidence of ICH has been reported to be over threefold 
higher in those >75 years on chronic OAT (1.8%/year) com-
pared to those <75 years (0.5%/year) [24]. However, retro-
spective analysis of this study found the majority of older 
patients with ICH had a supratherapeutic protime international 
normalized ratio (INR). In older adults with therapeutic INRs, 
the rate of ICH was similar in older and younger patients [25]. 
The risk of ICH is also substantially increased by uncontrolled 
hypertension [11]. Those with systolic blood pressure 
>160 mmHg and diastolic blood pressure <90 on OAT have a 
fourfold increased risk of ICH. Other risks for ICH for those 
on anticoagulation are cerebral angiopathy, intracranial 
lesions, and concomitant use of high dose aspirin. If aspirin is 
indicated along with anticoagulation, as with coronary artery 
disease, low dose aspirin (81 mg) significantly reduced the 
risk of ICH compared to higher dose aspirin (³325 mg) [26].

Fall Risk in Older Adults

One of the most commonly cited reason by physicians to not 
prescribe chronic OAT in older adults is fear of falls [27]. 
Most falls in older adults tend to be low velocity, resulting in 
injury and bruising, but rarely in significant bleeding. In the 
case of OAT for atrial fibrillation, the stroke risk is so ele-
vated in those over 75 years old, that it is estimated that an 
older patient would have to fall 295 times a year to incur a 
significant bleeding event serious enough to outweigh the 
thrombotic protection OAT offers [28]. In the hospital, early 
ambulation should be encouraged in older patients, but with 
appropriate precautions, especially in unstable patients. 
Those who incur long post-operative debilitation should be 
considered for rehabilitative therapy to increase balance and 
strength and reduce their fall risk.

The Surgical Patient on Chronic 
Anticoagulation

Older surgical patients who are on chronic anticoagulation 
will require differing strategies dependent on their reason for 
OAT, their risk of thromboembolism/thrombosis, the type of 
surgery (major vs. minor) they are undergoing as well as the 

timing of the surgery (elective, urgent or emergent) [1, 29]. 
Patients who are deemed high risk for acute thrombotic 
events once OAT is stopped, require “bridging” therapy with 
a shorter acting anticoagulant (such as unfractionated or low 
molecular weight heparin) prior to elective surgery. Caution 
should be used with LMWH if spinal analgesic or anesthesia 
is proposed due to bleeding risk [30]. If the patient is being 
treated for an existing VTE (DVT, PE or cardiac mural 
thrombus), elective surgery that can be safely postponed 
should be rescheduled until after acute treatment of the clot 
is completed. Surgical patients who are low risk for immedi-
ate thrombotic events may temporarily stop OAT during the 
surgical period and resume it post-operatively. Finally, some 
minor surgical procedures are deemed such low risk for 
bleeding that chronic OAT may be continued throughout the 
surgical procedure, and in some cases with minor alterations. 
Table 17.3 summarizes the recommendations for patients on 
chronic OAT undergoing elective major surgery or surgery 
associated with a high bleeding risk [1, 29, 30]. Examples of 
major surgery which carry a high risk of bleeding include 
coronary artery bypass surgery (CABG) or valve replace-
ment, major vascular surgery (aortic aneurysm repair, periph-
eral bypass surgery, carotid endarterectomy), intracranial or 
spinal surgery, major orthopaedic surgery (hip or knee 
replacement), reconstructive plastic surgery, major cancer 
surgery, and prostate or bladder surgery. Individual circum-
stances should be carefully reviewed before an informed 
decision on modifying OAT is made in the patient undergo-
ing surgery or an invasive procedure.

High Thrombotic Risk Patients

Patients with mechanical mitral valves are at particularly 
high risk during the perioperative time, as valve thrombosis 
can occur rapidly and is associated with high mortality (40%) 
and major morbidity (20%). Those with older mechanical 
aortic valves such as single tilting disk (Björk–Shiley), and 
ball-in-cage (Starr Edwards) types are also at higher risk for 
acute thrombosis and require bridging therapy [1, 29]. Those 
with a newer model mechanical valve in the aortic position 
(bileaflet) or bioprosthetic valves in either the aortic or mitral 
position are deemed low risk, and do not require bridging 
therapy UNLESS they have additional high risk features for 
thromboembolism. These high risk features include:

Chronic atrial fibrillation with MVR• 
Prior thromboembolic event• 
Known hypercoaguable state• 

Another tool commonly used for assessing thrombotic risk is 
the Congestive Heart Failure-Hypertension-Age-Diabetes-
Stroke (CHADS

2
) score [31, 32], which was developed 

 originally for risk stratifying patients with chronic atrial 
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fibrillation (Table 17.4). The CHADS
2
 score assigns points 

for various thromboembolic risk factors: those with a score 
of 2 are moderate risk, and those scoring ³3 are considered 
high risk. Table 17.5 summarizes anticoagulation recom-
mendations for types of valve replacements, including when 
to use bridging anticoagulation in the perioperative setting 
[1, 29, 30]. In the elective surgical setting, and when possible 
in the semi-urgent setting, vitamin K, especially IV, should 
not be given to those with mechanical valve to expedite cor-
rection of anticoagulation due to the high thrombotic risk of 
the valves [29].

Another setting in which the surgical patient on chronic 
anticoagulation is at high risk for thrombosis is with a known 
hypercoagulable disorder. These include deficient levels of 
Protein C or S, Antithrombin III or factor V Leiden mutation 
(homozygous) or antiphospholipid antibody syndrome. 
Certain cancers and myelodysplastic syndromes are also 

associated with prothrombotic states, and all of these coagu-
lopathies require bridging therapy during the perioperative 
period [1] (Table 17.3).

Chronic atrial fibrillation is a common condition in older 
adults, and carries a significantly higher risk of embolic 
stroke (>8%/year) compared with younger atrial fibrillation 
patients (1%/year) [9, 33, 34]. A subset of patients on OAT 
for chronic atrial fibrillation with certain high risk features 
requires bridging therapy in the perioperative period [1] 
(Table 17.3). The CHADS

2
 score is used to evaluate the 

thromboembolic stroke risk of patients with chronic atrial 
fibrillation (Table 17.4) [31]. Those with a score of 2 are 
moderate risk, and those scoring ³3 are considered high risk. 
Additional factors that elevate a patient with chronic atrial 
fibrillation into a high risk category are those with:

Atrial fibrillation with a mechanical MVR and/or AVR.• 
Rheumatic mitral disease with atrial fibrillation• 
Previous thromboembolism• 
Left ventricular dysfunction• 
A hypercoaguable state• 

Low Thrombotic Risk

Bridging therapy is not required in some patients on chronic 
OAT as their risk of a thromboembolic event, although high 
enough to require OAT, is not high enough to pose a signifi-
cant risk if temporarily stopped for days. These patients 
include those with chronic atrial fibrillation with CHADS

2
 

score of £2 and without prior thromboembolism, those with 
bioprosthetic valves and those with mechanical bileaflet 
valves in the aortic position as long as none of these sub-
groups has additional high risk features listed above. Those 

Table 17.4 CHADS
2
 score for stroke risk in patients with non-valvular 

atrial fibrillation

Clinical parameter Points

Congestive heart failure (any history) 1
Hypertension (prior history) 1
Age ³75 years 1
Diabetes mellitus 1
Secondary prevention in patients with a prior ischemic 

stroke or a transient ischemic attack; most experts also 
include patients with a systemic embolic event

2

The CHADS
2
 score estimates the risk of stroke. Patients are considered 

to be at low risk with a score of 0, at intermediate risk with a score of 
1 or 2, and at high risk with a score ³3. One exception is that most experts 
would consider patients with a prior ischemic stroke, transient ischemic 
attack, or systemic embolic event to be at high risk even if they had no 
other risk factors and therefore a score of 2. However, the majority of 
these patients usually have other risk factor and a score of at least 3
Source: Data from Gage [31]

Table 17.5 Summary of anticoagulation recommendations

Valve type Manufacturer
Bridging 
therapy Bridging Therapy

Goal 
INR Comments

Mechanical
Mitral – any type St. Jude Yes VKA 2.5–3.5 Concurrent ASA 81 mg qd if 

CAD, coronary stent(s)Aortic – ball-in-cage, older 
single disc

Björk–Shiley, 
Starr–Edwards

Yes VKA 2.5–3.5

Aortic – bileaflet or newer 
tilting disc + HRFa

St Jude, Medtronics Hall, 
CarboMedics AVR

Yes VKA 2.5–3.5

Aortic – bileaflet or newer 
tilting disc + no HRFa

No VKA 2.0–3.0b

Bioprosthetic AVR INR goal 2.5–3.5 for 
3 months post implantMitral or aortic Carpentier-Edwards, St. 

Jude, Medtronic

With HRFa Yes VKA + ASA 81qd 2.0–3.0

No HRFa No VKAx3 mo,c then 
ASA 81 qd

aHRF-atrial fibrillation, prior thromboembolism, left ventricular dysfunction and hypercoagulable state 
bINR target 2.5–3.5 for first 3 months post op, then 2.0–3.0 
cIf patient is not OAT candidate, then ASA 325 mg qd indefinitely
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with a prior single DVT >12 months prior to surgery without 
recurrence are also considered low risk [1] (Table 17.3).

Minor Surgical Procedures

Several minor surgical procedures are deemed at such low 
risk for bleeding, that the thrombotic risk outweighs stop-
ping anticoagulant therapy [1, 30]. Patients taking OAT who 
are undergoing minor dental (single or multiple tooth extrac-
tions or endodontic procedures), or dermatologic procedures 
(excision of squamous or basal cell carcinomas or removal of 
malignant or premalignant nevi) should continue OAT 
throughout the procedure. Similarly, those who are undergo-
ing cataract removal, OAT should not be interrupted for sur-
gery. In contrast, glaucoma surgery has been associated with 
increased bleeding risk on oral anticoagulation which should 
be held (with or without bridging dependent of the throm-
botic risk level) prior to surgery.

Most minimally invasive procedures can be done with an 
INR of 1.5. Holding warfarin therapy for 3 days is ideal, 
however, if necessary, small doses of vitamin K can be given 
to lower INR more rapidly. Vitamin K should not be given to 
those with mechanical valves due to the high risk of valve 
thrombosis [29].

Temporary Reversal of Chronic 
Anticoagulation for Urgent Surgery

Guidelines for the reversal of anticoagulation depend on the 
amount of time available before the procedure, and the type of 
procedure that is being done, and are summarized in Table 17.6 
[1, 14, 30]. In semi-urgent procedures that need to be done 
within 18–24 h, warfarin should be withheld, and vitamin K 
(2.5–5.0 mg IV) should be administered, and additional blood 
products will likely not be needed. In urgent situations where 
reversal of anticoagulation is required in less than one day, 
warfarin should be withheld, and vitamin K (2.5–5.0 mg po or 
slow IV) should be given along with fresh frozen plasma (FFP), 

prothrombin complex concentrate (PCC), or  recombinant 
 factor VIIa. Of these, FFP is usually preferred, but may present 
volume overload challenges in older adults [30]. Much less 
data is available for recombinant factor VIIa, and PCC elevates 
the thrombotic risk more than FFP. It is important to note that 
the latter three agents will only temporarily reverse VKA, 
which will continue to be effective until fully metabolized or 
antagonized with vitamin K. Thus, bleeding risk should be 
monitored closely when these temporizing agents wear off 
(12–24 h), and vitamin K should always be given pre-opera-
tively [30]. Emergent surgery in patients on OAT requires the 
administration of PCC, which does not require blood matching 
or thawing. The vitamin K-dependent factors in PCC are 
25-fold higher than those in FFP, and usually correct the INR 
in 15 min. The risk of PCC is acute thrombotic events. Vitamin 
K (5 mg IV slowly infused) should be given with PCC prior to 
surgery. The dose of PCC is 25–50 units/kg, but in older 
patients, use of weight-based, initial and desired INR algo-
rithms should be considered [35, 36].

Another clinical scenario in which pharmaceutically 
induced bleeding may need to be “reversed” is for emergent 
cardiac surgery after acute myocardial infarction, failed 
thrombolytics, or percutaneous coronary interventions 
(PCIs). Optimally, the timing of the surgery should be 
delayed until short acting fibrinolytics are no longer effec-
tive (hours). In the case of glycoprotein IIbIIIa inhibitors, 
platelet function should be adequate 4 h after stopping tiro-
fiban and eptifibatide infusions. If surgery is more urgent 
than that time window, or if abciximab (which has a longer 
half life) is used, platelet transfusion may be necessary along 
with a reduction in the heparin dose used for the bypass 
pump [37]. Aspirin and clopidogrel may cause increased 
bleeding, especially at the surgical site, but their use should 
not delay surgery [23].

IVC Filters

In patients who have known proximal thrombus, insertion of 
temporary inferior vena cava filters may reduce the immedi-
ate risk of PE in a situation where the bleeding risk is 

Table 17.6 Recommendations for VKA reversal for urgent/emergent surgery

Surgical timing
Time 
frame Vitamin K Fresh frozen plasma

Prothrombin 
complex 
concentrate Comment

Semi-urgent 18–24o 2.5–5.0 mg IVa No No Check INR prior to surgery
Urgent <24o 2.5–5.0 mg po b or slow IV 4u pre-op, 2u post-op No Time for FFP thawing, large volume load
Emergent <1o 5.0 mg IV slowly No 25–50 U/kgc

a IV vitamin K not recommended with mechanical prosthetic valves due to thrombosis risk 
b PO vitamin K favored over IV vitamin K in patients with mechanical prosthetic valves due to thrombosis risk 
c PCC should be used with caution in those with mechanical valves due to thrombosis risk
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unacceptably high to continue anticoagulation [1, 16]. An 
example of this situation is neurosurgery. The filter may then 
be retrieved when it is safe to resume therapeutic anticoagu-
lation. The use of IVC filters is still debated in many surgical 
venues and the individualized risk versus benefit ratio should 
be consider in the older patient.

Specific Surgeries with Recommended 
Anticoagulation Initiation

Prosthetic Valve Implantation

The surgical correction of valvular heart disease continues to 
increase in the setting of our growing senior population and 
increased life expectancy. Mechanical prosthetic heart valves 
are associated with a variety of complications, including 
prosthetic valve thrombosis and systemic embolization. The 
frequency of systemic embolization is about 1% per year in 
patients on anticoagulation with warfarin, as compared to 
4% with no anticoagulation [38].

According to the American College of Cardiology and 
American Heart Association Guidelines, all patients with 
mechanical prosthetic valves require anticoagulation with 
warfarin [29] (Table 17.5). The intensity of recommended 
OAT varies depending on several factors including the type 
of valve, the site of valve replacement, underlying risk fac-
tors for thrombus formation, and certain clinical settings, 
such as surgical procedures [30]. Mechanical valves are more 
thrombogenic as compared to bioprosthetic valves, and the 
mitral valve site nearly doubles the risk of thromboembo-
lism, as compared to the aortic valve position. The details of 
dosing and INR goals further depend on other risk factors for 
thrombus formation including the presence of atrial fibrilla-
tion, low left ventricular ejection fraction, and a history of 
prior thromboembolism. In the setting of thromboembolism, 
despite antithrombotic therapy, increasing INR goals and/or 
the addition of aspirin may be necessary [29].

Mechanical Valve Implantation

The risk of mechanical valve thrombosis is at its peak imme-
diate following implantation, even in the setting of antico-
agulation, and especially for mitral valves which can have a 
5% thrombosis rate within 30 days of implantation (vs. 0.5% 
for mechanical aortic valves) [38]. Cessation of prior antico-
agulation, HIT, and diabetes are risk factors for early throm-
bosis. Accordingly, as soon as hemostasis has been achieved, 
UFH or LMWH should be initiated without a bolus as bridg-
ing therapy until the INR is therapeutic for two consecutive 

days [29, 39]. During this time aPTT should be monitored 
(goal 1.5–2.5 times control) or anti Factor Xa levels in the 
case of LMWH use (goal 0.5–1.5 U/mL measured 4 h after 
dose is given) [40]. Warfarin may be initiated on the day of 
surgery. The specific recommendations for particular types 
and placement of valves and goal INR values are listed in 
Table 17.5.

Bioprosthetic Valve Implantation

Bioprosthetic valves are more commonly used in older adults 
because of the reduced thrombotic risk which usually doesn’t 
require OAT. Retrospective studies have shown a high throm-
botic risk within the first three months of bioprosthetic valves 
placement, especially in the setting of anticoagulation cessa-
tion, valves placed in the mitral position, and in those with a 
history of thromobembolic events. Thus, several Guidelines 
recommend OAT for 3 months following bioprosthetic valve 
implantation in all cases unless there is an absolute contrain-
dication (Table 17.1) [30, 40, 41]. Post-operative anticoagu-
lation with UFH or LMWH is recommended in those who 
are candidates for VKA as described for mechanical valves 
until the INR is therapeutic for 2 consecutive days [40]. 
Long-term anticoagulation is recommended in those with 
additional risk factors (atrial fibrillation, prior thromboem-
bolism, hypercoagulable state and/or ejection fraction <30%) 
with INR goal of 2–3. Aspirin is also recommended for all 
bioprothetic valves at 81 mg a day unless the patient is an 
OAT candidate who cannot take VKA, in which case aspirin 
325 mg a day is recommended.

Cardiac Surgery

Foreign materials within coronary vasculature (stents), in 
addition to iatrogenic vascular anastamoses, incite inflam-
matory and thrombotic responses. Additionally, vascular 
graft sites are at increased risk of thrombosis. Because of this 
increased risk, all patients with coronary artery disease 
undergoing CABG are recommended to stay on aspirin 
(81 mg qd) throughout the surgical period and indefinitely 
thereafter. If the patient has stopped aspirin prior to surgery, 
it should be started within 6 hours post-op if hemostasis is 
secured. Clopdiogrel post-operatively has also been associ-
ated with increased graft patency, and is now recommended 
for 9–12 months post-op from CABG [23, 42]. VKA have 
not shown added significant benefit in maintaining graft pat-
ency when compared to, or in combination with anti-platelet 
therapy. Because of this, VKA’s are not recommended for 
patients undergoing CABG to maintain graft patency [23]. 
However, VKA’s are recommended for use in addition to 
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aspirin in patients with CABG who have other indications 
for OAT, including mechanical heart valve replacement or 
atrial fibrillation.

Vascular Surgery

Older patients undergoing carotid endarterectomy are at sig-
nificant risk for stroke, and therefore aspirin (81–325 mg) 
should be initiated prior to surgery and continued indefi-
nitely. Post-operative surgical site bleeding is not uncom-
mon, especially in the setting of combined CABG/CEA and 
should be monitored closely. Chronic OAT is not recom-
mended after CEA, unless another indication for chronic 
anticoagulation is met. Similarly, peripheral bypass grafting 
for claudication are treated with antiplatelet agents such as 
aspirin rather than OAT.

Surgical Venothromboembolic Prophylaxis

General Issues

DVT affects an estimated 900,000 people in the US each 
year, resulting in several hundred thousand hospitalizations 
and about 300,000 deaths from PE [43]. In fact, PE remains 
one of the most common preventable causes for hospital 
death in the United States [44]. In the older surgical patient, 
age over 60 alone places them in the highest risk group for 
post-surgical DVT, with an incidence of 4–8% and fatal PE 
incidence of 0.4–1.0% [45]. Multiple age-associated factors 
contribute to this risk as reviewed above including increased 
thrombotic factors, endothelial and platelet dysfunction, and 
venous valve changes. This risk increases further with a prior 

history of VTE, history of malignancy, hypercoagulable 
 disorders, immobility, and other comorbidites such as prior 
stroke. In addition, certain invasive surgical procedures add 
to thrombotic risk by increasing thrombin generation. Thus, 
aggressive measures to prevent DVT formation are one of 
the most important aspects of caring for the older surgical 
patient.

The guideline recommendations for VTE prophylaxis in 
surgical patients are described below and have been estab-
lished by the American College of Chest Physicians in 2008 
and are summarized in Table 17.7 [45]. In summary, high 
risk older surgical patients undergoing a major procedure 
require both mechanical (when possible) and pharmacologi-
cal methods of anticoagulation to prevent VTE. Mechanical 
methods include intermittent pneumatic compression (IPC), 
graduated compression stockings (GCS), and venous foot 
pump. Appropriate pharmacological methods include low 
dose unfractionated heparin (LDUFH) three times a day, 
weight and procedure based LMWH, or fondaparinux daily 
in patients with a history of HIT [45]. In some cases, warfa-
rin provides optimal VTE prophylaxis, especially when the 
risk is prolonged due to immobility or hypercoagulability. 
All VTE prophylactic measures (medical and mechanical) 
should ideally be started either before or shortly after surgery 
and optimally continue until the patient is ambulatory. The 
pre-operative dose is dependent on the type of surgery where 
the bleeding risk is low. Early ambulation of the older patient 
is encouraged as soon as feasible. Aspirin alone does 
not provide sufficient VTE prophylaxis for any patient 
group [45].

When considering the medical agent for VTE prophy-
laxis, several issues arise when caring for the older surgical 
patient. As renal function declines with age, it is important to 
calculate the actual creatinine clearance of each older patient 
to ensure that the agent is dosed adjusted properly or not 
contraindicated [1, 45]. This is especially important in 

Table 17.7 VTE prophylaxis strategies

Type of surgery
DVT prophylaxis 
medical Start

Duration of 
prophylaxis

Non-
medical Comment

General surgery LDUFH 500 IU SC 
bid or tid or 
LMWHa or fondab

LDUFH 2o PTS or 4–6o PO
LMWH w/i 12–24o PO
Fonda 6–24o PO

Ambulatory ICP + GCS Monitor platelets with 
prolonged UFH/
LMWH

CABG/valve/thoracic 
with high 
bleeding risk

LMWHa LMWH w/i 12–24o PO Ambulatory IPC or GCS Monitor platelets w LMWH
IPC/GCS only if high  

bleed risk
Trauma LMWH if bleeding 

risk
When safe Ambulatory IPC IVC if high VTE risk and 

high bleeding risk
Cancer surgery Fonda,b LMWH Fonda 6–24o PO

LMWH w/i 12–24o PO
28 days IPC ± GCS Monitor platelets w LMWH

LDUFH: Low dose unfractionated heparin; PTS: prior to surgery; PO: post-operatively; IPC: Intermittent pneumatic compression devices;  
GCS: graduated compression stockings
aLMWH: enoxaparin 30 mg sq q 12o, dalteparin 5,000 IU sq qd
bFonda: fondaparinux 2.5 mg sc qd



232 M.K. Elfrey and S.J. Zieman

women and those with low body weight who can have near 
normal serum creatinine but significantly impaired renal 
clearance of drugs. As low molecular weight heparins and 
fondaparinux are cleared renally, they must be used with 
caution in older surgical patients. If CrCl is 30 mL/min or 
less, enoxaparin should be dose adjusted and fondaparinux is 
contraindicated [1]. Patients given UFH or LMWH must 
have their platelets monitored regularly for HIT, even with 
the relatively small doses used for VTE prophylaxis. Another 
important consideration in agent choice is a patient history of 
HIT, which requires a non-heparin agent such as fonda-
parinux. In patients who are at risk for VTE but in whom 
anticoagulation is not possible (active GI bleed, trauma), 
mechanical prophylaxis with ICP ± GCS should be 
employed. Certain cancers and chemotherapeutic regimens 
are associated with hypercoagulability and increased risk of 
arterial and venous thrombi, and VTE prophylaxis after sur-
gery should continue for 28 days at least [45]. Post-operative 
VTE has been reported in as many as 40% of patients with 
known cancers who undergo surgery. If prophylactic antico-
agulation is planned, imaging should be performed in tumors 
with propensity to metastasize to brain and CNS to reduce 
potential life-threatening bleeds. Lastly, in patients undergo-
ing spinal puncture or epidural catheter placement, LMWH 
should be used with caution due to the dire consequences of 
increased bleeding risk.

Perioperative Events Requiring 
Anticoagulation

New Onset or Recurrent Atrial Fibrillation

Atrial fibrillation is one of the most common cardiovascular 
conditions in older adults, and is associated with a signifi-
cantly higher morbidity and mortality in older compared with 
younger patients [33]. The risk of thrombosis and subsequent 
cardioembolic stroke is higher in older patients as compared 
with younger ones [9, 34]. Data from the Framingham Heart 
Study suggests that risk of stroke increases approximately 
1.5% per decade and is as high as 23.5% in patients over 80 
years old [34]. Atrial fibrillation is a relatively common post-
operative occurrence in older patients, and may be related to 
directly cardiac manipulation (CABG or valve surgery), vol-
ume overload, pain or concurrent infections such as urinary 
tract infections. In an older post-operative patient with new 
or recurrent atrial fibrillation, it is reasonable to consider for 
pulmonary and urinary infections, sepsis, hyperthyroidism, 
and alcohol withdrawal as etiologies. Most patients who 
experience atrial fibrillation after cardiac surgery spontane-
ously convert to sinus rhythm while in the hospital.

Increased bleeding risk associated with cardiac surgery 
complicates the risk vs. benefit ratio of using IV heparin as a 
bridge to chronic anticoagulation when new onset atrial 
fibrillation occurs. The most common concern with early 
heparin use is significant pericardial effusions and potential 
tamponade. The current ACC/AHA/ECS recommendation is 
to initiate VKA, if surgically hemostatic to a target INR of 
2.0–3.0 for those with atrial fibrillation lasting ³48 h, and 
continue for at least 4 weeks until reevaluation at post-oper-
ative follow-up [46]. For cardiac surgery post-op atrial fibril-
lation lasting >24 h, VKA should be started once hemostasis 
is secured for 4 weeks with goal INR of 2.0–3.0. Bridging 
therapy with heparin is not recommended in either setting 
due to the high risk of bleeding complications [40]. An 
exception to “bridging” therapy with heparin until INR is 
therapeutic is in the case of multiple thrombotic risk factors 
or implantation of a mechanical valve, if bleeding risk is 
acceptably controlled [30]. These patients must be monitored 
very closely. In older patients undergoing non-cardiac sur-
gery in whom post-op atrial fibrillation occurs, the decision 
to initiate heparin depends on the significance of the bleed-
ing risk. If hemostasis is achieved, heparin should be initi-
ated as well as the first dose of VKA, unless an absolute 
contraindication exists. If the patient is symptomatic or has 
compromised vitals, cardioversion with direct current should 
be considered once aPTT is therapeutic if the atrial fibrilla-
tion duration is less than 48 h or less without therapeutic 
anticoagulation. If the patient is stable and asymptomatic in 
atrial fibrillation, heparin and chronic OAT should be started 
and continued in a therapeutic range (INR 2.0–3.0) for at 
least 4 weeks before cardioversion is attempted [46]. 
Antiarrhythmic drugs such as amiodarone should not be used 
unless therapeutic anticoagulation is ensured, and either the 
duration of atrial fibrillation is <48 h or a transesophageal 
echocardiogram confirms no evidence of a left atrial throm-
bus. All of these post-op atrial fibrillation recommendations 
also apply to post-op patients in atrial flutter. If the patient 
cardioverts in the hospital, spontaneously or with direct cur-
rent, they should require OAT for 4 weeks as the atrium 
recovers its full contractile ability [46].

As previously stated, chronic, or even short term antico-
agulation in older patients is often met with great fear by 
prescribers [17]. This is despite the considerable reduction in 
stroke risk warfarin offers over aspirin (62 as compared to 
22%, respectively) in those over 75 years with chronic non-
valvular atrial fibrillation [47]. The most commonly cited 
fear is fall risk followed by the worry of bleeding and creat-
ing inconvenience [27]. In a poll of physicians who denied 
older patients anticoagulation without an absolute or relative 
indication, the fear of bleeding was overestimated by 670% 
and the stroke risk was underestimated by 22% [11]. It is 
important to acknowledge the significantly high stroke risk 
(>8%/year in octogenarians), appreciate that older adults 
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fear large strokes more than death, and the strategies to 
reduce bleeding and fall risk previously discussed are all 
important factors in the decision. Careful warfarin dosing, 
frequent monitoring and patient education play a key role in 
reducing bleeding and thrombotic risk of VKAs in older 
adults [1]. Optimal anticoagulation in older adults with AF 
also reduces the ischemic stroke related risk of death, depen-
dency, and nursing home placement. The absolute contrain-
dications for OAT are listed in Table 17.1 [10].

Myocardial Infarction

The risk of post-op myocardial infarction and acute coronary 
syndromes increases with advancing age. Again, the risk of 
ongoing ischemia/myocardial injury must be weighed against 
the potential surgical bleeding risk of anticoagulation, usu-
ally with heparin. Risk factors associated with post-op MI in 
non-cardiac surgery include age >70 years, abdominal aortic 
surgery, diabetes, angina, and baseline ST–T wave abnor-
malities on baseline electrocardiogram [41, 48].

In older post-CABG patients, ischemia and possible graft 
occlusion within 30 days, is primarily treated with percuten-
ous coronary angioplasty with low pressure balloon inflation. 
Bare metal stents are preferred if there is reocclusion. 
Thienopyridines and glycoprotein IIbIIIa inhibitors are used 
after angioplasty with careful monitoring of bleeding com-
plications [23, 49].

In older patients experiencing an acute coronary syn-
drome (ACS) after non-cardiac surgery, the therapeutic deci-
sion again depends on the bleeding risk of surgery. It should 
be noted that heparin administration is required in the setting 
of cardiac catheterization, for sheath management alone, and 
moreso if PCI is required [49]. Optimal therapy following 
PCI also may include glycoprotein IIbIIIa inhibitors, 
thienopyridines, and/or heparin, the risk of which must be 
weighed against the bleeding risk and the amount of compro-
mise the ischemic injury is causing. Because of the signifi-
cant risk these additional antiplatelet medications pose, 
including their use for months after the procedure, some 
older ACS patients may be more safely managed with aspi-
rin, UFH and beta-blockers as initial therapy.

Left Ventricular Dysfunction

For patients with systolic heart failure in sinus rhythm, data 
on the utility of anticoagulation to reduce thromboembolic 
events remains inconclusive. The 2008 American College 
of Chest Physicians (ACCP) guidelines recommend 
against routine use of OAT in patients with left ventricular 

dysfunction due to a nonischemic etiology [14]. However, if 
patients have a previous history of thromboembolic event or 
intracardiac thrombus, the 2008 European Society of 
Cardiology (ESC) heart failure guidelines recommend oral 
anticoagulant therapy with goal INR 2.0–3.0 [50].

Venothromboembolic Treatment

Anticoagulation

As noted above, DVT/PE is an important cause of morbidity 
and mortality, especially in hospitalized older patients. The 
well known triad of risk factors for DVT includes alterations 
in blood flow or increased stasis, vascular endothelial injury, 
and variation in blood constituents resulting in hypercoagu-
ability. Because of these basic risk factors, it is inevitable 
that advanced age will increase the risk of DVT/PE.

In patients with DVT, the primary goals of treatment 
include preventing clot extension, preventing progression to 
acute PE, and decreasing the recurrence of thrombosis [16]. 
Treatment should begin immediately after confirmation of 
diagnosis, or even before confirmation if clinical suspicion is 
high. Four options are available for the initial treatment of 
DVT: (1) body weight-adjusted LMWH administered subcu-
taneous without monitoring, (2) intravenous UFH with mon-
itoring and dose adjustment, (3) subcutaneous UFH with 
monitoring and subsequent dose adjustments, and (4) fonda-
parinux. VKA should be started at the same time as these 
shorter term anticoagulation strategies. As previously men-
tioned, the loading dose of warfarin declines with advancing 
age, and is lower in women than in men.[14, 15, 19] 
Additionally, the maintenance dose of warfarin also decreases 
with advancing age, apart from other potential interacting 
factors (Fig. 17.1). Again, women, those with poor nutrition, 
heart failure, and vitamin K deficiency also require lower 
maintenance doses. A starting dose of less than 5 mg in older 
patients and those at greater risk of bleeding is generally rec-
ommended. Heparin can be discontinued when the protime 
INR is stable and above 2.0 for greater than 48 h [4]. 
Treatment duration of warfarin for DVT has been studied 
extensively and ranges from a minimum of three to six 
months [16]. Table 17.8 summarizes DVT and PE treatment 
length recommendations in specific patient subgroups.

In patients with DVT who progress to acute PE, the mor-
tality rate is as high as 30% without treatment [51]. As with 
DVT, anticoagulation with heparin should be started imme-
diately in all patients with confirmed PE, as well as in patients 
with an intermediate or high clinical probability of PE. The 
recommended doses of the heparins that are currently 
approved for the treatment of PE are shown in Table 17.8. 
Heparin treatment is continued for at least 5–6 days in 
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combination with oral anticoagulation, until the INR is 
within the therapeutic range (2.0–3.0) for two consecutive 
days [16]. The recommendations for the long term treatment 
of PE with OAT are the same as for DVT and are summa-
rized in Table 17.9.

Inferior Vena Cava Filters

Although not a therapy for DVT, inferior vena cava (IVC) 
filters are indicated in the setting of proximal venous throm-
bus with an absolute contraindication for anticoagulation. 
More controversial is the proximal DVT patient with high 
risk of bleeding, which may be seen in the surgical setting. 
The most robust long-term follow-up data to date suggests 
that IVC filters do reduce the risk of PE, but increase inci-
dent DVTs and do not affect overall mortality [52, 53]. 
However, they may offer short term benefit in the certain 
settings [54].

Specific Anticoagulant Use in Older Patients

Heparins

Unfractionated heparin, and low molecular weight heparin, 
are very commonly used in initiating and bridging antithrom-
botic therapy. The heparin preparations work by potentiating 
the effects of antithrombin, thus resulting in indirect inacti-
vation of thrombin, as well as preventing the conversion of 
fibrinogen to fibrin. With heparin, the rate of thrombin 
 inhibition is accelerated about 1,000-fold [55]. Specific indi-
cations, dosing regimens, and complications are discussed 
below (Table 17.10).

Table 17.8 Anticoagulant drugs for the initial treatment of PE

Unfractionated heparin – IV 
Infusion

80 IU/kg of body weight IV 
bolus followed by 
continuous infusion at 
18 IU/kg/h

Adjust infusion rate to maintain aPTT between 1.5 and 2.5 times control

Monitor platelet count at baseline and q 48o

If platelets drop by >50% or a thrombotic event occurs – investigate for HIT

Low molecular weight heparins 
– subcutaneous injection

Not tested or recommended in patients with hypotension or shock
Monitor platelet count as above

Enoxaparin 1 mg/kg every 12 h or 
1.5 mg/kg once daily

Tinzaparin 175 U/kg once daily If creatinine clearance <30 mL/min, reduce dose to 1 mg/kg qd
Consider UFH as alternative in patients with renal impairment

Fondaparinux 5 mg – body weight <50 kg Contraindicated in patients with creatinine clearance <30 mL/min
No routine platelet monitoring necessary7.5 mg – weight 50–100 kg

10 mg – weight >100 kg
Administered once daily

Patients with acute PE should also be routinely assessed for treatment with thrombolytic therapy. In patients with acute nonmassive PE, initial 
treatment with LMWH over IV UFH. In patients with massive PE, in other situations where there is concern about SC absorption, or in patients 
for whom thrombolytic therapy is being considered or planned, IV UFH is recommended over SC LMWH, SC fondaparinux, or SC UFH
Source: Data from Konstantinides [59]

Table 17.9 Vitamin K antagonists for the long term treatment of VTE

First episode of VTE secondary to a transient (reversible) risk factor
Treatment with a VKA for 3 months (Grade 1A)

First episode of idiopathic, unprovoked VTE
Treatment with a VKA for at least 3 months (Grade 1A)
After 3 months patients should be evaluated for the risk-to-benefit 

ratio of long-term therapy (Grade 1C)
Patients with a proximal DVT, and in whom risk factors for bleeding 

are absent and good anticoagulant monitoring is achievable, 
recommend long-term treatment (Grade 1A)

Patients with a distal DVT, suggest that 3 months of anticoagulant 
therapy is sufficient rather than indefinite therapy (Grade 2B)

Episode of VTE and cancer
LMWH for the first 3–6 months of anticoagulant therapy (Grade 1A)
Subsequent therapy with VKA or LMWH indefinitely or until cancer 

is resolved (Grade 1C)

First episode of VTE with documented antiphospholipid antibodies 
or with two or more thrombophilic conditions (e.g., combined 
factor V Leiden and prothrombin 20210 gene mutations)

Treatment for 12 months (Grade 1C+)
Indefinite anticoagulant therapy in these patients (Grade 2C)

First episode of VTE with documented deficiency of antithrombin, 
deficiency of protein C or protein S, or the factor V Leiden or 
prothrombin 20210 gene mutation, homocysteinemia, or high 
factor VIII levels (>90th percentile of normal)

Treatment for 6–12 months (Grade 1A)
Indefinite therapy as for patients with idiopathic thrombosis 

(Grade 2C)

Two or more episodes of objectively documented VTE
Long term treatment (Grade 1A)

In all groups noted above
The dose of VKA should be adjusted to maintain a target INR range, 

2.0 and 3.0 for all treatment durations (Grade 1A)
Recommend against high-intensity therapy (INR range, 3.1–4.0) 

(Grade 1A)
Recommend against low-intensity therapy (INR range, 1.5–1.9) 

(Grade 1A)
The risk-benefit of continuing such treatment should be reassessed in 

the individual patient at periodic intervals (Grade 1C)



23517 Anticoagulation in the Older Surgical Patient

Ta
b

le
 1

7
.1

0
 

Su
m

m
ar

y 
of

 s
pe

ci
fic

 a
nt

ic
oa

gu
la

nt
s

A
nt

ic
oa

gu
la

tio
n 

ag
en

t
D

os
e

D
os

in
g 

im
pa

ct
ed

  
by

 a
ge

C
le

ar
an

ce
M

on
ito

r
T

he
ra

pe
ut

ic
 r

an
ge

R
ev

er
sa

l
C

au
tio

ns
, c

om
m

en
ts

U
nf

ra
ct

io
na

te
d 

he
pa

ri
n

IV
: 8

0 
U

/k
g 

lo
ad

 th
en

 1
8 

U
/

kg
 in

fu
si

on
Y

es
 –

 m
ay

 n
ee

d 
lo

w
er

 d
os

es
H

ep
at

ic
aP

T
T

1.
5–

2.
5

Pr
ot

am
in

e 
su

lf
at

e
50

m
g 

IV
@

20
m

g/
m

in
 

N
T

E
 5

0m
g/

10
m

in

H
IT

, m
on

it
or

 a
PT

T
 

fr
eq

ue
nt

ly
, a

P
T

T
 

un
re

li
ab

le
 if

 p
ro

lo
ng

ed
 

at
 b

as
el

in
e,

 s
ki

n 
ne

cr
os

is

SC
: 3

33
 U

/k
g 

th
en

 2
50

 U
/

kg
 q

12
o

L
M

W
H

↓i
f 

w
t<

45
 k

g
Fa

ct
or

 X
a 

le
ve

l
E

no
xa

pa
ri

n
1 

m
g/

kg
 S

C
 q

12
o

E
no

x 
qd

 if
 C

rC
l 

<
30

 m
L

/m
in

R
en

al
0.

5–
1.

0 
mg

/m
L

 b
id

 d
os

e
1.

0–
2.

0 
mg

/m
L

 q
d 

do
se

Pr
ot

am
in

e 
su

lf
at

e
M

ay
 n

ee
d 

hi
gh

er
 d

os
e 

w
 

ob
es

it
y,

 m
on

it
or

 h
ig

h 
ri

sk
 (

m
ec

ha
ni

ca
l 

va
lv

es
, V

T
E

 r
x)

1.
5 

m
g/

kg
 S

C
 q

24
o

D
al

te
pa

ri
n

10
0 

U
/k

g 
SC

 q
12

o
T

in
za

/D
al

te
 b

es
t f

or
 

po
or

 r
en

al
 f

xn
R

en
al

0.
85

–1
.0

5 
mg

/m
L

Pr
ot

am
in

e 
su

lf
at

e
20

0 
U

/k
g 

SC
 q

24
o

T
in

za
pa

ri
n

17
5 

IU
/k

g/
24

o S
C

0.
85

–1
.0

5 
mg

/m
L

Pr
ot

am
in

e 
su

lf
at

e
C

au
ti

on
 w

he
n 

us
ed

 a
ro

un
d 

sp
in

al
/e

pi
du

ra
l 

in
je

ct
io

ns

D
ir

ec
t 

T
hr

om
bi

n 
In

hi
bi

to
rs

R
ed

uc
e 

do
se

 if
 C

rC
l 

<
30

 o
n 

<
60

Po
ss

ib
le

 a
na

ph
yl

ax
is

 in
 

re
ex

po
su

re
 (

H
ir

)

H
ir

ud
in

0.
4 

m
g/

kg
 lo

ad
 th

en
 

0.
15

 m
g/

kg
 in

fu
si

on
A

vo
id

 if
 C

rC
l 

<
30

 m
L

/m
in

R
en

al
aP

T
T

1.
5–

2.
5

N
on

e
M

ay
 in

cr
ea

se
 I

N
R

A
rg

at
ro

ba
n 

fo
r 

pr
ev

en
ti

on
 

an
d 

tx
 o

f 
H

IT
B

iv
al

ru
di

n
0.

7 
m

g/
kg

 lo
ad

 th
en

 
1.

75
 m

g/
kg

/h
 in

fu
si

on
N

o
20

%
 r

en
al

H
em

od
ia

ly
si

s 
or

 
he

m
o-

pe
rf

us
io

n 
ca

n 
re

m
ov

e 
bi

va
lr

ud
in

 a
nd

 
ag

at
ro

ba
n

A
rg

at
ro

ba
n

2 
mg

/k
g/

h 
in

fu
si

on
N

o
H

ep
at

ic
a

F
on

da
pa

ri
nu

x
5 

m
g 

– 
bo

dy
 w

t <
50

 k
g

av
oi

d 
if

 C
rC

l 
<

30
 m

L
/m

in
, 

ca
ut

io
n 

C
rC

l 
30

–5
0 

m
L

/m
in

R
en

al
A

nt
iF

ac
to

r 
X

a 
if

 
fo

nd
a 

us
ed

 
in

 a
ss

ay

0.
5–

1.
5 
mg

/m
L

R
ec

om
bi

na
nt

 f
ac

to
r 

V
II

a
M

on
ito

r 
cr

ea
tin

in
e 

an
d 

pl
at

el
et

s
7.

5 
m

g 
– 

w
t 5

0–
10

0 
kg

C
au

tio
n 

w
he

n 
us

ed
 a

ro
un

d 
sp

in
al

/e
pi

du
ra

l 
in

je
ct

io
ns

10
 m

g 
– 

w
t >

10
0 

kg

W
ar

fa
ri

n
4–

5 
m

g 
qd

 lo
ad

, l
es

s 
if

 ♀
, 

he
ar

t f
ai

lu
re

, p
oo

r 
nu

tr
iti

on
, l

ow
 b

od
y 

w
t, 

in
te

ra
ct

 d
ru

gs
-a

dj
us

t p
er

 
IN

R

L
oa

di
ng

 a
nd

 
m

ai
nt

en
an

ce
 

do
se

 ↓
 w

 a
ge

C
yt

 P
45

0 
3A

4
Pr

ot
im

e 
IN

R
D

ep
en

de
nt

 o
n 

in
di

ca
tio

n
V

ita
m

in
 K

, F
FP

, P
C

C
, 

R
ec

om
bi

na
nt

 V
II

a
Fr

eq
ue

nt
 m

on
ito

ri
ng

 to
 

m
ai

nt
ai

n 
th

er
ap

eu
tic

 
in

de
x

aP
T

T
 a

ct
iv

at
ed

 p
ar

tia
l 

th
ro

m
bo

pl
as

tin
 t

im
e;

 I
N

R
 i

nt
er

na
tio

na
l 

no
rm

al
iz

ed
 r

at
io

; 
H

IT
 h

ep
ar

in
-i

nd
uc

ed
 t

hr
om

bo
cy

to
pe

ni
a;

 L
M

W
H

 l
ow

 m
ol

ec
ul

ar
 w

ei
gh

t 
he

pa
ri

n,
 C

rC
l 

cr
ea

tin
in

e 
cl

ea
ra

nc
e,

 F
F

P
 

fr
es

h 
fr

oz
en

 p
la

sm
a,

 P
C

C
 p

ro
th

ro
m

bi
n 

co
m

pl
ex

 c
on

ce
nt

ra
te

a  M
et

ab
ol

iz
ed

 b
y 

cy
to

ch
ro

m
e 

P4
50

 3
A

4



236 M.K. Elfrey and S.J. Zieman

Unfractionated Heparin

One of the major limitations associated with UFH is the 
necessity to maintain a narrow therapeutic window of ade-
quate anticoagulation, without increasing the bleeding risk. 
The goal narrow therapeutic window, in combination with a 
highly variable dose response per individual patient, requires 
frequent monitoring of the activated partial thromboplastin 
time (aPTT) with resultant dose adjustments as needed. The 
goal is for the therapeutic level to be achieved within 24 h. 
The therapeutic range of aPTT is 1.5–2.5 times the mean of 
the control value, or the upper limit of the normal aPTT 
range [55]. In patients who have a prolonged aPTT at base-
line, such as those with anticardiolipin antibody or lupus 
anticoagulant or liver disease, monitoring heparin with aPTT 
may not be reliable. In these cases, LMWH with Factor Xa 
monitoring may be a better choice. The aPTT may also be 
elevated by concurrent administration of warfarin. Because 
of the risk of heparin-induced thrombocytopenia (HIT), 
patients on heparin should have their platelet count moni-
tored every 2–3 days at between days 4–14 of heparin ther-
apy. Heparin in contraindicated in patients who have had 
HIT. There is no specific dosing alterations for older patients, 
but weight based nomograms should be followed, with vigi-
lant aPTT monitoring. Skin necrosis is a rare complication of 
heparin. Dosing for full anticoagulation is given in 
Table 17.10, but dosing for DVT prophylaxis is less 
(Table 17.7). It should be noted that as of October 2009, the 
potency of heparin was reduced by 10%. Unfractionated 
heparin can be reversed by protamine sulfate IV, with full 
reversal occurring with 1 mg/100 U heparin.

Low Molecular Weight Heparin

Three types of low molecular weight heparins are currently 
available in the United States: enoxaparin, dalteparin, and 
tinzaparin [55]. Similar to UFH, LMWHs inactivate factor 
Xa, but have less effect on thrombin. The anticoagulant prop-
erties of LMWH are highly correlated with body weight, and 
bioavailability is very high making subcutaneous dosing 
very reliable, convenient, and consistent without the need for 
frequent monitoring. In situations where adequate anticoag-
ulation must be ensured (mechanical valves, VTE treatment), 
LMWH should be monitored with Factor Xa levels drawn 
4 h after LMWH injection. Because they are renally cleared, 
LMWH dosing in older patients should be based on the 
patient’s calculated creatinine clearance. Those with CrCl 
<30 mL/min should receive a lower dose, less frequently 
(i.e., enoxaparin 30 mg SQ q 24o). In contrast, the dose may 
need to be adjusted upwards for obese patients. There are 
several cardiothoracic surgical settings in which LMWH is 
preferable to UFH for VTE prophylaxis including trauma 

patients and cancer surgery. Although still associated with 
rare skin necrosis, LMWH are less likely to produce HIT 
than UFH [55]. Protamine sulfate does not completely 
reverse LMWH, but it is the reversal agent of choice 
(1 mg/100 anti-Xa units of LMWH), and clinically signifi-
cant bleeding is not usually seen.

Heparin Induced Thrombocytopenia

Heparin-induced thrombocytopenia (HIT) is an antibody-
mediated, adverse effect of heparin. Antibodies are formed 
against the heparin-platelet factor 4 complex that is strongly 
associated with venous and arterial thrombosis. HIT usually 
occurs within five to ten days of initiating therapy, and is a 
clinicopathologic syndrome classified by HIT antibody for-
mation in addition to an unexplained fall in platelet count 
(³50% fall from baseline), skin lesions at heparin injection 
sites, or acute systemic reaction after IV heparin bolus 
administration [56].

The risk of HIT antibody formation is especially high in 
post-operative cardiac surgery patients, even when postop-
erative anticoagulant prophylaxis with heparin is not admin-
istered [56]. Since several other potential causes of 
thrombocytopenia are often present in these patients, it is dif-
ficult to determine whether or not HIT is present. However 
given the increased risk in these patients, the ACCP guide-
lines recommend close monitoring of platelets, and exclud-
ing a diagnosis of HIT if the platelet count falls by ³50% 
(and/or a thrombotic event occurs) between postoperative 
days 4–day 14 (day of cardiac surgery = day zero) [55, 56].

Thrombosis is the major clinical risk associated with HIT. 
Treatment is essential to reduce the risk of thrombosis and 
progression to decompensated disseminated intravascular 
coagulation http://chestjournal.chestpubs.org/content/126/ 
3_suppl/311S.long - ref-7. The ACCP recommended agents 
that can be considered for treatment and prevention of HIT 
associated thrombosis which include DTI (discussed below) 
and fondaparinux [56].

Direct Thrombin Inhibitors

As described above, the traditional anticoagulants, such as 
heparin and VKA are indirect inhibitors of thrombin. 
Although these are commonly used, they are limited by 
unpredictable anticoagulant response, the need for close 
monitoring, and complications such as HIT [55, 56]. In the 
setting of these limitations, emphasis has been placed on 
developing antithrombotic agents with a more selective 
mechanism of action aimed at directly inhibiting thrombin. 
The DTI offer benefits over traditional agents in the treat-
ment and prevention of various thrombotic disorders. 
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The DTIs interact directly with the thrombin molecule 
without the need of a cofactor thereby inhibiting both circu-
lating and clot-bound thrombin. Currently approved agents 
are hirudin, bivalrudin and argatroban. All are approved for 
the treatment of HIT, but only argatroban is approved for pre-
vention of HIT as well. They offer a more predictable antico-
agulant response and have a short half-life, however there is 
no readily available reversal agent. Recombinant Factor VIIa 
may help reduce bleeding, but hemodialysis or hemoperfu-
sion are required to remove DTIs (bivalrudin and agatroban 
only). Hirudin is the only available DTI which is cleared pre-
dominantly by the kidneys. Thus, CrCl should be calculated 
in older adults before administering this agent, which should 
be dose adjusted if CrCl 30–60 mL/min and avoided if CrCl 
<30 mL/min. Table 17.10 summarizes the DTIs [55, 57].

Fondaparinux

Fondaparinux is a synthetic analog of the antithrombin-bind-
ing sequence found in heparin and low-molecular-weight 
heparin. Fondaparinux works by binding antithrombin and 
enhancing its reactivity with factor Xa. Fondaparinux is typi-
cally administered once daily subcutaneously and has a 
plasma half life around seventeen hours [55]. It is renally 
excreted, and therefore requires dosing adjustments in 
patients with renal insufficiency, and should be avoided in 
patients with severely impaired renal function. Like LMWH, 
CrCl should be calculated in all older patients before consid-
ering this agent and should not be used if CrCl <30 mg/min. 
It does not bind to platelets or platelet factor 4, and therefore 
heparin-induced thrombocytopenia is unlikely to occur with 
fondaparinux. One of the limitations of fondaparinux is that 
it does not interact with protamine sulfate, and is therefore 
not easily reversible in the setting of uncontrolled bleeding. 
Recombinant factor VIIa may be effective in the setting of 
uncontrolled bleeding [58].

Evidence based studies support the use of fondaparinux 
for the prevention and treatment of venous thromboembo-
lism, and for the treatment of arterial thrombosis. 
Fondaparinux has been FDA approved for use as venous 
thromboprophylaxis in high-risk orthopedic patients, or 
extended DVT prophylaxis following hip fracture surgery, 
and for patients at risk for thromboembolic complications 
following abdominal surgery, but not yet for these indica-
tions in CT surgery [45, 55].

Fondaparinux has been approved by the FDA for the treat-
ment of acute symptomatic PE and DVT as a bridge to 
chronic OAT (Table 17.8). The recommended dose for VTE 
is 5.0, 7.5, or 10 mg SQ once daily for patients weighing 
<50, 50–100, or >100 kg, respectively. Oral warfarin should 
be started in addition to initiation of treatment with fonda-
parinux. Treatment with fondaparinux should be continued 

for at least five days and until the INR is in the therapeutic 
range (2.0–3.0) [16].

Combining Agents

Certain clinical scenarios recommend the use of multiple 
anticoagulant/antiplatelet therapies simultaneously, which 
must be used with caution in post surgical patients. An 
example is in a patient with a drug eluting stent less than 
1-year old, who is also on anticoagulation for atrial fibrilla-
tion or a valve. The risk versus benefit of any elective surgery 
should be weighed carefully in this scenario, as stopping 
thienopyridines in such a patient increases the risk of coro-
nary stent thrombosis, and surgical delay may be the safer 
option in some patients [49]. The risk of stopping anticoagu-
lation/antiplatelet therapy in the higher risk older patient 
who may have several indications for these medications, 
must be judged again for the need and urgency of surgery, 
and the risk of bleeding. These patient-centered decisions 
often warrant consideration of less invasive mode of therapy 
when appropriate and available.

Summary

The interface between anticoagulation and surgery is chal-
lenging in older patients due to their inherently higher risks 
of bleeding and thrombosis. These risks are elevated by age-
related changes in the coagulation cascade as well as comor-
bidities and polypharmacy which are common in older 
patients. Older patients on chronic OAT who undergo sur-
gery are treated differently dependent on their short-term 
risk of thromboembolism versus their surgical bleeding risk. 
High risk patients, including those with mechanical mitral 
valves, bioprosthetic or mechanical aortic and mitral valve, 
or atrial fibrillation with high risk features, those being 
treated for VTE, those with cancer, or hypercoagulable 
states, should be given “bridging” therapy with heparins or 
fondaparinux with resumption of anticoagulation after the 
surgery. Older patients on OAT with low risk features may 
temporarily stop their VKA without bridging for surgery. 
Anticoagulation should be judiciously administered after 
valve surgery and for post-operative atrial fibrillation. The 
risk of VTE post-operatively is also increased in older adults, 
and aggressive prevention strategies with heparins and 
fondaparinux as well as mechanical strategies and early 
ambulation should be employed. Agents which are renally 
cleared (LMWH, fondaparinux and hirudin) should be used 
cautiously or avoided in older adults with impaired renal 
function, and CrCl should always be calculated first. The 
loading and maintenance doses of warfarin are also reduced, 
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and careful dosing and frequent monitoring significantly 
reduce the bleeding risk of warfarin in older adults which is 
often due to supratherapeutic levels. Finally, many physi-
cians’ fears to use appropriate anticoagulation in older adults 
are often unfounded, especially given the high thrombotic 
risk of older patients.
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Abstract Older individuals in general take more medications 
than other age groups and are more susceptible to potential 
adverse effects. This chapter reviews the changes that occur 
with aging and that underlie this increased susceptibility and 
offers suggestions to minimize adverse effects. Specific medi-
cation categories are highlighted that pose particular risk of 
adverse effects in older cardiothoracic surgery patients. The 
vast majority of medications can be used safely and effectively 
in older patients if appropriate precautions are taken in the 
selection, dosing, and timing of medications, and in the active 
monitoring of therapeutic effects and side effects.

Keywords Elderly/aging • Cardiothoracic surgery • 
Medications • Biology of aging • Pharmacokinetics • 
Polypharmacy • Delirium • Psychoactive medications • 
Antibiotics • Side effects

As the Baby Boom generation begins reaching age 65 in 
2011, we will witness the largest increase in the number of 
older adults ever. Two-thirds of all people who have ever 
lived to the age of 65 are alive today [1]. Advances in 
 pharmacotherapy are partially responsible for this increase 
in longevity and will continue to play a central role in 
reducing morbidity as this cohort ages. However, medica-
tion use in this population is not without potential prob-
lems. In older adults medications are often improperly 
dosed,  overprescribed, and poorly monitored for signs of 
toxicity. Furthermore, changes in pharmacokinetics associ-
ated with aging leave little room for error. Older cardiotho-
racic  surgery patients are particularly vulnerable given the 

nature of the surgery and the underlying conditions. Thus, it 
is  imperative to  preoperatively identify potential medica-
tion-related problems (MRPs) that can result in postopera-
tive complications. This chapter reviews some of the factors 
that contribute to MRPs in the elderly, general approaches to 
prescribing, signs and symptoms to monitor, and highlights 
of certain drug categories that are commonly used or have 
substantial potential to cause side effects in older adults.

Biology of Aging

After age 30, organ systems decline in function to some 
extent with advancing age, but at varying rates, and indepen-
dently of each other (Table 18.1). In the absence of disease, 
these declines are not sufficient to impair daily function 
[2, 3]. However, the reserve capacity of an organ system 
diminishes with age. Thus, the ability to withstand even a 
minor insult is decreased, and recovery may be delayed. 
Appreciating medication-related factors that affect an  
organ system’s reserve capacity is an imperfect science. 
Understanding the principles of pharmacokinetics will help 
surgeons to understand how physiologic changes with aging 
affect response to medications, making it easier to anticipate 
MRPs [4]. Pharmacokinetics is defined as the delivery of a 
drug to its site of action. This includes drug absorption, dis-
tribution, metabolism, and excretion. These changes are 
reviewed here in general terms to provide a background for 
the discussion of individual drug classes (Table 18.2) [5].

Drug Absorption

The amount of oral drug absorption (bioavailability) depends 
on several factors not related to age, including the presence 
of food, drug ionization, and dosage formulation [6]. 
Absorption can occur anywhere along the gastrointestinal 
tract. Oral drug absorption can also include buccal absorp-
tion of orally disintegrating tablets (ODT) for patients with 
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swallowing difficulties. Some formulations are specifically 
designed to release medication in response to changes in 
intestinal pH or osmolality. In general, older adults tend to 

have a slight increase in gastric pH. This increase is unlikely 
to result in altered drug absorption [6, 7]. Achlorhydria, once 
thought to be a consequence of aging, has diminished as a 
concern with the identification and treatment of indolent 
Helicobacter pylori infections.

Older adults tend to experience two alterations that can 
lead to clinically significant changes in the rate of oral drug 
absorption. First, changes in gastrointestinal blood flow may 
reduce portal circulation and delay gastric absorption, as 
seen in some heart failure or cirrhosis patients with substan-
tial hepatic congestion. And second, decreased gastric emp-
tying, resulting from conditions such as Parkinson’s disease 
or diabetes, may also delay the rate of absorption, but not the 
extent of drug absorbed [7, 8]. Unless therapeutic failure is 
observed, no changes in dosing are required to overcome 
delays in gastric absorption.

Oral bioavailability can be substantially altered in the pres-
ence of food, so called drug–food interactions. For example, 
calcium supplementation has variously been reported to 
reduce the absorption of angiotensin-converting enzyme 
inhibitors, calcium channel blockers, HMG-CoA reductase 
inhibitors, and calcium receptor blockers. Conversely, calcium 
supplementation may increase the effects of a/b-agonists, 
quinidine, and tocainide. The authors recommend discontin-
uing most calcium supplementation during the postoperative 
period to prevent potential chelation interactions with antibiot-
ics. In addition to calcium interactions, many other medica-
tions have reduced bioavailability from food. Bisphosphonate 
bioavailability is exceedingly low when taken with any-
thing other than water. Levodopa absorption is substantially 
decreased when consumed with a high protein meal [9]. 
Additionally, certain foods can substantially alter drug levels 

Table 18.1 Pharmacokinetic changes with aging

Absorption Extent not affected
Rate is reduced or unaltered
Increased gastric pH
Unchanged passive diffusion
Decreased active transport
Decreased first pass effect
Decreased GI blood flow with certain diseases (e.g., HF)

Distribution Decreased total body water
Decreased lean body mass
Decreased serum albumin?
Increased body fat
↑’d or ↓’d free fraction of highly plasma protein bound 

drugs
Higher concentration of water soluble drugs

Metabolism Decreased liver blood flow
Decreased liver size
Decreased enzymatic activity
Variable decreased and increased t

½
 for phase I 

oxidation drugs
Decreased clearance and increased t

½
 of drugs with high 

extraction ratio
Excretion Decreased GFR

Decreased renal blood flow
Decreased tubular function
Decreased clearance and increased t

½
 for drugs 

eliminated primarily by the kidneys

Source: Reprinted with permission from Marottoli RA, Jeffery SM, Pinto-
Powell RC. Drug usage in surgical patients: preventing medication related 
problems. In: Rosenthal RE, Katlic MR, Zenilman ME, editors. Principles 
and practice of geriatric surgery. 2nd ed. New York: Springer; 2010

Table 18.2 Examples of age-related physiologic changes affecting drug pharmacokinetics

Physiologic change
Direction  
of change Drugs affected by this change Result of change

Serum albumin ↓ Phenytoin, naproxen, valproate, 
warfarin

Increased free (active) fraction of drug; 
increased effects

a
1
-Acid glycoprotein ↑ Propranolol, antidepressants, lidocaine, 

methadone, quinidine
Decreased free (active) fraction of drug; 

decreased effects
Body fat ↑ Fat-soluble drugs (e.g., 

benzodiazepines)
Increased volume of distribution; increased 

half-life and potential for accumulation
Lean muscle mass ↓ Digoxin Decreased volume of distribution; increased 

concentration; lower loading dose is needed
Body water ↓ Water-soluble drugs (e.g., lithium) Decreased volume of distribution; increased 

concentration and effects
Hepatic blood flow ↓ High hepatic extraction ratio drugs 

(e.g., morphine, meperidine, 
lidocaine, and isosorbide)

Decreased first-pass metabolism; increased 
effects

Hepatic metabolism  
(phase 1: reduction, oxidation, 
hydroxylation, demethylation)

↓ Diazepam, alprazolam, triazolam, 
theophylline, quinidine, propra-
nolol, phenytoin, imipramine

Decreased metabolism; increased half-life and 
concentration

Renal function ↓ Aminoglycosides, digoxin, ciprofloxacin, 
allopurinol

Decreased clearance; increased effects, toxicity, 
or both

Source: Reprinted with permission from Marottoli RA, Jeffery SM, Pinto-Powell RC. Drug usage in surgical patients: preventing medication related 
problems. In: Rosenthal RE, Katlic MR, Zenilman ME, editors. Principles and practice of geriatric surgery. 2nd ed. New York: Springer; 2010
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and actions. Patients on warfarin who alter their intake of 
vitamin K-containing foods risk changes in their interna-
tional normalized ratio (INR).

Consumption of grapefruit irreversibly inhibits intestinal 
CYP-450 3A4 isoenzyme activity. This results in presys-
temic decreases in metabolism leading to increases in thera-
peutic concentrations that can last for up to 72 h. One of the 
earliest classes of medications suspected of interacting with 
grapefruit was the HMG-CoA reductase inhibitors [10]. 
Such interactions may increase the risk of rhabdomyolysis 
when dyslipidemia is treated with atorvastatin, lovastatin, or 
simvastatin. Potential alternative agents are pravastatin, flu-
vastatin, or rosuvastatin. Grapefruit interactions can result 
in vasodilation in hypertensive patients receiving the dihy-
dropyridines felodipine, nicardipine, nifedipine, nisoldipine, 
or nitrendipine. This interaction is not present with amlo-
dipine. Alternately, the efficacy of the angiotensin II type 1 
receptor antagonist losartan may be reduced by grapefruit 
juice. In summary, the rate of absorption may be delayed 
with aging, but the overall extent of absorption is unlikely to 
be altered.

Limited information is available about topical drug 
absorption changes due to aging. Topical administration is 
gaining popularity as a way to minimize first-pass metabo-
lism, improve medication adherence, and provide more con-
tinuous therapeutic drug concentrations. For example, 
postoperative pain control may include the use of fentanyl or 
lidocaine patches. Decreases in skin thickness and integrity 
may alter drug absorption and subsequently peak concentra-
tions. When comparing healthy young volunteers to healthy 
elderly volunteers receiving transdermal fentanyl patches, 
older patients demonstrated higher systemic concentrations 
of fentanyl and correspondingly greater adverse effects 
resulting in drug discontinuation [11]. An additional concern 
when administering medications in patch form is the ability 
to safely remove the patch without damaging the underlying 
skin. Finally, all patches utilize adhesives that can cause 
localized skin irritation. The use of presurgical skin disinfec-
tants and body preparations may contribute to heightened 
skin sensitivity to patch adhesives.

Distribution

The distribution of drugs is altered by the aging process. 
Total body and intracellular water decrease, as does muscle 
mass, whereas body fat increases [2, 3]. These changes have 
important implications for drug distribution that can affect 
both the half-life of a compound and the concentration of 
the drug in various tissues (e.g., lipophilic versus hydrophilic 
saturation). Water-soluble drugs tend to have an increased 
level per unit dose because of decreased total body and 

intracellular water. The volume of distribution for lipid-soluble 
drugs tends to be higher because of increased fat stores, 
resulting in prolonged and less predictable half-lives. 
Changes in protein binding can also alter receptor site activity. 
When medications exhibit substantial protein binding (gen-
erally >90%), the potential for protein-binding interactions 
due to changes in serum albumin becomes more pronounced. 
For example, in the case of low albumin levels, the relative 
proportion of free or unbound drug may be increased, enhanc-
ing the pharmacologic and toxic properties of the drug. To 
further illustrate this point consider the highly protein bound 
drug phenytoin. By convention, when ordering phenytoin 
levels what is typically reported is the total drug level [12]. 
In the setting of low albumin, however, the free drug concen-
tration may be high, resulting in toxicity despite a total level in 
the therapeutic range. In contrast, the carrier protein a1-acid 
glycoprotein may increase with age, as it does with illness, 
so drugs that bind to this protein may have a lower propor-
tion unbound; an example is propranolol [13]. Another caveat 
with drug levels is that normal ranges are often established 
on young persons; therefore targeting lower therapeutic drug 
levels may minimize the risk of toxicity. The important 
exception to this approach is for antibiotic therapy where 
specific minimum inhibitory concentrations (MIC) are speci-
fied. Finally, conformational changes in the ability of albu-
min to bind drugs may change with age, resulting in reduced 
affinity of albumin to bind to medications despite a normal 
albumin level [12].

Metabolism

First-Pass Metabolism and High Hepatic  
Extraction Ratio Drugs

Liver size and blood flow tend to decrease with age by 
20–30%. Drugs that depend on extensive first-pass metabo-
lism may have higher therapeutic levels resulting from 
decreased hepatic metabolism [9, 14, 15]. For example, it is 
estimated that morphine exhibits a 33% reduction in clear-
ance in the elderly as a result of decreased first-pass metabo-
lism [15]. Therefore, the effects of morphine may last longer 
in the elderly. However, this does not constitute a reason  
to avoid morphine in older patients. Drugs that have  
high hepatic extraction ratios also exhibit decreased metabo-
lism and potentially increased therapeutic concentrations. 
Atorvastatin is a high hepatic extraction ratio drug with 
increased serum concentration (40%) and area under the 
concentration curve (30%) [15]. Therefore, closer attention 
to liver function tests and potential dose reduction may be 
warranted. Similar findings occur with simvastatin and 
lovastatin.
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Pharmacogenomics and the Cytochrome  
P450 Enzymes

Drug metabolism can be affected by diet, smoking, enzyme 
induction or inhibition, and alcohol intake [4, 15, 16]. 
Polymorphisms in the drug-metabolizing enzymes influence 
drug safety and efficacy. Pharmacogenomics refers to the 
influence of genes in determining drug metabolism, safety, 
and efficacy. As most drugs are metabolized by the liver and 
involve one or more enzymatic pathways, the ability to pre-
screen a patient for potential genetic variants that affect drug 
response has clinical utility. Individualizing medication 
therapy based on a patient’s specific metabolic genotype 
now exists for some medications. For example, the FDA 
approved genetic testing for warfarin in 2007. Completion 
of the Human Genome Project has helped accelerate the dis-
covery of genetic variations affecting treatment response.

Appreciating potential changes in drug metabolism with 
aging and the influence of genetic factors that alter metabolic 
functions is central to the field of pharmacogenomics. For 
example, genetic polymorphism and changes in hepatic 
blood flow can explain inter-patient variability to medica-
tions commonly used in the surgical intensive care unit [16]. 
The use of codeine in patients deficient in CYP2D6 results in 
poor conversion of codeine to morphine (the active metabo-
lite) [15, 16]. Therefore, switching to an equianalgesic dose 
of morphine based on the failed codeine regimen can result 
in drug toxicity.

Conventional wisdom was that metabolism through the 
cytochrome (CYP) P450 system was impaired with aging. 
While some drugs metabolized via pathways involving 
microsomal oxidation are slowed with aging and may have 
active metabolites, broader probes for hepatic microsomal 
activity have shown inconsistent results [15–18]. For exam-
ple, early studies of diazepam and chlordiazepoxide in the 
elderly demonstrated longer and less predictable half-lives. 
However, both these drugs are highly lipophilic and therefore 
have a larger volume of distribution given the increase in adi-
pose tissue common in aging. Changes in drug distribution 
are now thought to account more for the prolonged and erratic 
half-life than decreases in metabolism [19, 20]. Regardless, 
neither agent is recommended for elderly patients.

Metabolism via glucuronide conjugation is minimally 
changed with advancing age, and metabolites tend to be 
inactive [15, 16]. Thus, drugs metabolized through these 
pathways, including benzodiazepines such as lorazepam, 
oxazepam, and temazepam, have shorter, more predict-
able half-lives and are therefore preferred for elderly 
patients (Table 18.3) [8, 19, 20]. Drug inhibition of enzy-
matic pathways typically occurs at a faster rate than induc-
tion of the same pathways. The ability to induce hepatic 
enzymes to the same extent as in younger individuals is 

unclear. Some agents commonly associated with enzyme 
induction include phenytoin, carbamezpine, phenobarbi-
tal, and chronic alcohol use. One potent inhibitor fre-
quently used to control behavior in dementia patients is 
valproic acid.

Renal Elimination

The kidney is the main route of excretion for most drugs. 
On average, there are declines in glomerular filtration rate 
and renal blood flow with advancing age, although up to 
one-third of elderly persons have no substantial changes in 
renal function [21, 22]. Because of decreases in muscle 
mass and therefore creatinine production, serum creatinine 
levels may not accurately reflect renal function. Therefore, 
it is strongly recommended that creatinine clearance be 
calculated for every elderly patient. Even patients with 
seemingly normal serum creatinine levels may have a 
decreased creatinine clearance [23, 24]. Many formulas 
exist to estimate renal function [25–27]. It is important to 
recognize that all the available methods have limitations 
[28, 29]. The most widely used method is the Cockcroft 
and Gault equation:

− ×
×

×
[(140 age) (lean body weight in kilograms)]

0.85 for women
72 serum creatinine

This equation is valid when serum creatinine is at steady 
state. It is the authors’ approach to use the resulting creati-
nine clearance to determine a range of possible renal func-
tion by adding and subtracting five points to the calculation. 
Many medications have specific dosing guidance based on 
creatinine clearance. Therefore, knowing the range of a 
patient’s creatinine clearance allows for more conservative 
dosing if necessary and compensates for patient variability in 
serum creatinine. When renal dose adjustments are necessary, 

Table 18.3 Half-life of common benzodiazepines [8, 19, 20]

Drug
Half-life in adults 
<65 years (h)

Half-life in adults  
³65 years (h)

Lorazepam 12.7 14.4
Alprazolam 11.7 15
Diazepam Ma 35.0–44.5 M 61.7–71.5

Fb 44.0–45.5 F 79.4–101
Chlordiazepoxide 10.1 18.2
aMale patients
bFemale patients
Source: Reprinted with permission from Marottoli RA, Jeffery SM, Pinto-
Powell RC. Drug usage in surgical patients: preventing medication related 
problems. In: Rosenthal RE, Katlic MR, Zenilman ME, editors. Principles 
and practice of geriatric surgery. 2nd ed. New York: Springer; 2010
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surgeons should reduce the dosage or extend the dosing 
interval of primarily renally excreted drugs. This also applies 
to drugs with active metabolites that may have prolonged 
durations of action during renal insufficiency. For example, 
atenolol is a renally eliminated b-blocker that when used in 
patients with decreased renal clearance can exacerbate 
hypotension and bradycardia. A better choice might be to 
switch the patient to metoprolol. Another commonly used 
medication in older adults is glyburide for type 2 diabetes. 
The dosing guidelines for glyburide recommend against 
using this product if the patient’s creatinine clearance is less 
than 50 mL/min. The reason is an increased incidence of 
hypoglycemia secondary to reduced elimination of a renally 
active metabolite. Glipizide is the preferred sulfonylurea. To 
further emphasize the potential for hypoglycemia, the 
Veterans Health Administration (VHA) Pharmacy Benefits 
Management Services (PBM), Medical Advisory Panel 
(MAP), and Center for Medication Safety (VA Medsafe) 
issued a national bulletin advising providers to switch all 
patients with a calculated creatinine clearance of <50 mL/min 
to glipizide [30].

Medication-Related Problems in the Elderly

Polypharmacy in Surgical Patients

Increases in the number of chronic conditions in the elderly 
generally result in increased medication use. Comorbidity is 
also associated with poor quality of life, physical disability, 
high health care use, and increased risk for adverse drug 
events and mortality [31–33]. Approximately 82% of older 
adults are treated for one or more conditions with 88% 
receiving a medication [34]. Prescription drug use is greatest 
in the elderly, with over one-third of all medications used 
annually [35]. Unfortunately polypharmacy remains a sig-
nificant problem for many older adults. Underuse, overuse, 
duplicate medication use, and ineffective medication use are 
by definition inappropriate medication use. Polypharmacy 
includes not only the number of medications a patient 
receives but also potentially inappropriate medications that 
can lead to MRPs in older adults. In a nationally representa-
tive probability sample of community-dwelling adults aged 
57–84, Qato et al. [36] found that more than half of older 
adults used five or more prescription medications, over-the-
counter medications, or dietary supplements. Almost one-
third of this study population used five or more prescription 
medications, and the prevalence of using five or more pre-
scription medications increased steadily with age. Data from 
the Center for Medicare & Medicaid Services (CMS) esti-
mate that 58% of community-dwelling elderly are taking 

three or more different acute and chronic medications in a 
year. CMS rates of medication use in long-term care are stag-
gering, with 67% of residents receiving nine or more different 
medications.

The increased emphasis on guideline-based medicine 
often results in patients receiving multiple agents for a con-
dition in order to conform to “best practices.” Patients with 
heart failure, hypertension, and diabetes can easily exceed 
six or more medications based on current clinical practice 
guidelines [37]. Medication management in elderly patients 
is more complex than in younger patients and each added 
medication increases the potential for interactions and 
adverse events. Medication errors and safety concerns in the 
elderly increase with each new prescription. For example, 
clinically significant drug interactions are more likely to 
occur when a patient takes five or more medications and the 
likelihood for falls increases when an older adult takes four 
or more medications. Further complicating matters is the 
lack of coordination of prescribing in the elderly. Primary 
care physicians are unable to coordinate the multitude of 
specialists prescribing medications. Competitive pricing 
among major pharmacies often leads to patients filling pre-
scriptions from multiple locations with no pharmacy holding 
a complete record of the patient’s current medications. 
Collectively, there is a loss of control over ensuring medication 
safety and appropriateness.

It is unrealistic to expect cardiothoracic surgeons to  
make substantive changes to a patient’s chronic medications. 
Therefore, the issue of polypharmacy is more often a burden 
to the surgeon given the number of medications they must 
coordinate. While the absolute number of medications an 
older cardiothoracic surgery patient might receive may not 
change, the appropriateness of the prescribing should be opti-
mized. When prescribing a new medication, focusing on pub-
lished lists of medications not to be used in the elderly (Beers 
criteria), avoiding medications with known effects on cogni-
tion (anticholinergics, sedatives/hypnotics), and judiciously 
using pain medication will help minimize the potential for 
polypharmacy-related complications [38–40]. Additionally, 
particular attention should be given to any drugs with known 
narrow therapeutic windows to ensure proper monitoring for 
signs of toxicity. For example, warfarin is associated with 5 of 
the top 10 drug interactions in older adults (Table 18.4) [41]. 
Finally, any new symptom in an elderly patient should be 
considered a drug side effect until proven otherwise. During 
the course of treatment, the patient should be monitored 
closely and regularly for adverse effects. Regardless of age, 
95% of all adverse drug reactions (ADRs) are predictable 
extensions of the pharmacology of the drug. Proper dosage 
adjustment based on renal and hepatic function can reduce 
the likelihood of experiencing an ADR. Once the desired 
effect is achieved and maintained, or the inciting event has 
passed, taper and discontinue the medication.
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General Principles of Prescribing

The maxim of geriatric prescribing is to “start low, go slow, 
and sometimes say no.” While perhaps overly simplistic and 
not applicable to all medications (e.g., antibiotics), the mes-
sage is clear – medications are potentially dangerous in the 
elderly and should be used with caution [38–40]. Furthering 
the maxim, if starting low, it follows that you should also 
discontinue slowly. Many drugs can be discontinued directly, 
but others (e.g., benzodiazepines and b-blockers) should be 
tapered to avoid adverse drug-withdrawal effects. Table 18.5 
outlines basic underlying principles that can help to mini-
mize the occurrence of MRPs and maximize adherence to 
prescribed drug regimens.

The Joint Commission requires that all patients have their 
medications reconciled upon admission, discharge, or transfer 

within the hospital. Medication reconciliation can prevent 
MRPs resulting from forced adherence, a common occur-
rence resulting from a medication being restarted in a patient 
who stopped or changed their medication without notifying 
their primary provider. Elderly patients are often reluctant to 
admit they have stopped a medication or altered the dose. 
When reviewing medications it is not enough to have the 
patient recall their list of medications given the prevalence of 
cognitive impairment in older adults. The provider must also 
determine the dose and frequency of administration to assure 
accuracy when prescribing.

When obtaining a full medication history, it is ideal to 
have the patient or a family member bring all medications 
with them. The authors recommend instructing patients to 
bring all prescription and active non-prescription bottles to 
their preoperative screening visit. Actually examining the pill 
bottles can provide valuable information about: the individual’s 
medication management abilities; the number of providers 
following the patient; the use of more than one pharmacy 
(important for drug interaction screening); duplication of 
medications from multiple providers; the physical appearance 
of the bottles (indicative of the individual’s home environ-
ment); if refills are on time, the pills are in the right bottles, 
pills are mixed together, and if the pill counts are accurate. 
Additional questions should probe for any new side effects or 
possible allergic reactions.

When assessing non-prescription medication usage, the 
authors advocate prompting patients with names of com-
monly used agents versus simply asking if they take any 
additional medications. The flow sheet in Table 18.6 is used 
by the authors to screen patients for potential OTC MRPs 
[42]. Given that many drugs with potential toxicity and inter-
actions are available without a prescription, every patient 
should also be asked about the use of OTC, herbal, or alterna-
tive medications. The pharmacist is a valuable resource for 
conducting the medication history/review. Pharmacist inter-
ventions with inpatients may decrease subsequent hospital 
and emergency visits and medication-related re-admissions 
[43, 44]. Inclusion of pharmacists on daily rounds in the 
intensive care units is encouraged to help improve overall 
prescribing [45]. Utilization of computerized provider order 
entry can further reduce medication errors [46]. When pre-
paring discharge prescriptions, keep medication regimens 
simple. Once-daily dosing substantially improves adherence! 
If a complicated regimen is necessary, the hospital pharma-
cist may be able to arrange for the patient’s community phar-
macy to dispense the medication in a pill box or have them 
blister packed. These approaches may enhance adherence to 
the regimen. Providing patients with a legible list of their 
medications with directions written in lay-terms is perhaps 
the single most important strategy to prevent MRPs. Many 
hospitals have pharmacists available for comprehensive med-
ication counseling and to assist in streamlining regimens.

Table 18.5 Principles of safe geriatric prescribing

Take a detailed medication history (including over-the-counter and 
herbal/alternative preparations)

Establish clear, feasible therapeutic end points
Know the clinical pharmacology of drugs prescribed; use a few drugs 

well; balance safety with efficacy
Begin with a low dose of a drug and titrate up to achieve the desired 

response
Keep the regimen as simple as possible
Review medications regularly and discontinue those no longer needed
Remember that new symptoms (and illness) can be caused by a drug 

as well as by a new illness
Select the least costly alternative whenever possible
Encourage compliance. Utilize available pharmacy resources for 

counseling, written information, special packaging, and other 
reminder devices

Source: Reprinted with permission from Marottoli RA, Jeffery SM, 
Pinto-Powell RC. Drug usage in surgical patients: preventing medica-
tion related problems. In: Rosenthal RE, Katlic MR, Zenilman ME, edi-
tors. Principles and practice of geriatric surgery. 2nd ed. New York: 
Springer; 2010

Table 18.4 Top 10 drug interactions in the elderly

Warfarin–non-steroidal anti-inflammatory agents (NSAIDs)a

Warfarin–sulfa drugs
Warfarin–macrolides
Warfarin–quinolonesb

Warfarin–phenytoin
ACE inhibitors–potassium supplements
ACE inhibitors–spironolactone
Digoxin–amiodarone
Digoxin–verapamil
Theophylline–quinolonesb

aNSAID class does not include COX-2 inhibitors
bQuinolones that interact include ciprofloxacin, enoxacin, norfloxacin, 
and ofloxacin
Source: Reprinted from [41] with permission of the American Society 
of Consultant Pharmacists, Alexandria, Virginia. All rights reserved. 
http://www.ascp.com
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Table 18.6 Geriatric Outpatient Pharmacy Interview

Name/Last 4:______________________________________________________________________Date:____________________
Age:_______________Gender: M / F Race:________Confirm Allergies:_________________ 
Last Visit:____________________Purpose of Visit:_____________________________________________ 
Why does the patient think they are here?_____________________________________________________

General Appearance
Y N cane/walker
Y N glasses
Y N hearing aids

Medication Management
Y N Arrives with meds
Y N Carries medication card
Y N Medichest
Y N Storagelocation__________
Y N Medication assistance_____________
Y N Med reminders/alarms, etc

Social History
Y N alcohol
Y N tobacco

Medication ADL’s
Y N Young children at home
Y N Can read label
Y N Comprehends label instructions
Y N Can open bottle
Y N Pills in appropriate bottle
Y N Other Pharmacy (location, meds):

Medication Adherence
Refill Method:  phone  mail
Refills on time: Yes No

Missed dose:
daily weekly monthly

What happens if you miss a dose:
  take when remember
  double next dose
  skip dose

Medication Reconciliation 
(review prescription medications)

1. Medication Regimen Discrepancies 
(i.e., changes in dose, frequency, product)

2. Non-VA OTC Meds (if so list)

Y N Vitamins

Y N Herbals/Natural Products

3. Other Medications

Side Effects? 
If so, clarify ADR vs SE
How long?
What did they do when they had the SE?

Questions/Comments/Concerns?

Source: Reprinted with permission from Marottoli RA, Jeffery SM, Pinto-Powell RC. Drug usage in surgical patients: preventing medication 
related problems. In: Rosenthal RE, Katlic MR, Zenilman ME, editors. Principles and practice of geriatric surgery. 2nd ed. New York: Springer; 2010

Specific Prescribing Issues

Delirium

Delirium is prevalent, potentially serious, potentially revers-
ible, and medications are leading contributors. A number of 
factors may contribute to the onset and propagation of delirium, 

including underlying cognitive impairment, change in environ-
ment, comorbid illnesses, the underlying illness prompting 
hospitalization or surgery, complications of that illness or pro-
cedures, anesthesia, the surgery itself, and a variety of medica-
tions, many of which are described below. The central focus in 
delirium is looking for and recognizing its appearance and then 
moving quickly to identify and correct the inciting factors.
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Delirium is the acute or sub-acute development of an 
alteration in mental state that fluctuates during the course of 
the day. Standardized assessment instruments such as the 
Confusion Assessment Method can be helpful for its detec-
tion [47]. Risk factors can be thought of as “predisposing 
factors,” making one vulnerable to developing delirium, and 
“precipitating factors,” which directly or indirectly lead to it. 
Among the predisposing factors are cognitive impairment, 
visual impairment, severe illness, and renal insufficiency 
[48]. Precipitating factors include the use of physical 
restraints, malnutrition, bladder catheterization, iatrogenic 
events, and the number and type of medications [49]. Certain 
medications have been linked to a particular risk of postop-
erative delirium (e.g., meperidine and benzodiazepines) [50]. 
The simultaneous addition of three or more medications to a 
drug regimen in the hospital may also contribute to delirium 
[49]. This may be due to the sheer volume of new medica-
tions overwhelming a vulnerable individual’s reserve capac-
ity or to the likelihood of at least one medication being 
psychoactive when many are prescribed.

Cardiothoracic surgery patients may be at particular risk 
for developing delirium because of the nature of the proce-
dures, as well as the underlying conditions (with associated 
comorbidities) necessitating surgery. Although it is difficult 
to compare across studies because of different patient popu-
lations and methods for detecting delirium, a number of risk 
factors have been identified. These include preoperative 
(older age, preexisting peripheral/cerebrovascular or renal 
disease, high comorbidity, cognitive impairment, depression, 
nutritional deficits), perioperative (complex surgery, long 
operative time, need for intra-aortic balloon pump, or large 
volume transfusions), and postoperative (low cardiac output, 
pneumonia) factors [51–55]. Preoperative prediction rules 
have been developed to assist in early identification of high-
risk patients, including a recent study utilizing separate deri-
vation and validation cohorts that demonstrated a gradient 
of delirium occurrence of 18–87% based on the presence of 
preexisting cerebrovascular disease, cognitive impairment, 
depression, or low albumin [55].

With early identification of at-risk patients and close 
monitoring for early signs of delirium, a number of strategies 
may be employed to try to decrease the risk of delirium, 
including attention to underlying illness and complications. 
The general prescribing principles outlined above may also 
be helpful along with specific examples detailed below when 
discussing individual drug categories. Another factor that is 
particularly problematic in the hospital setting is the sched-
uling of medications or treatments at night that require 
patients to be awakened, sometimes repeatedly. Although it 
may be necessary for acutely or severely ill patients or dur-
ing the immediate postoperative period, it is helpful to 
attempt to minimize the occurrence later in the hospital 
course. Multifactorial interventions have been shown to 

reduce the incidence of delirium by 35–40% in medical and 
post-hip fracture patients [56, 57].

Antipsychotics

Antipsychotics are used to treat hallucinations, delusions, 
paranoia, and extreme agitation or physical violence [58]. 
They tend to not be useful for pacing or wandering. Because 
of potential serious side effects they should not be used to 
treat insomnia. It is important to look for delirium as the 
potential cause of a new-onset behavioral disturbance or 
thought disorder, so the underlying etiology can be deter-
mined and treatment of the primary process initiated.

Once a target sign or symptom is identified to gauge the 
effectiveness of treatment, the choice of agent largely 
depends on the desired side effect profile. For the most part, 
neuroleptics are essentially equally effective, so the choice 
of agent depends on which side effect profile fits the charac-
teristics of the patient or is best tolerated by the patient. 
“Typical” agents, such as haloperidol (starting dose 0.25–
0.5 mg, maximum daily dose 2.0 mg), are inexpensive and 
are available in oral, intramuscular, and intravenous prepara-
tions. The latter parenteral preparations may be particularly 
helpful in the setting of acute agitation or if the patient is 
unable to take oral medications. Haloperidol is more likely to 
produce extrapyramidal side effects, but less likely to cause 
sedation, orthostasis, and anticholinergic effects than lower 
potency agents. Among the extrapyramidal effects are 
Parkinsonian features including tremor, bradykinesia, and 
masked facies. Although these symptoms may fade over 
time, they have in the past also been treated with anticholin-
ergic agents such as benztropine and trihexyphenidyl. This 
approach should be avoided because of the increased poten-
tial for delirium with concomitant therapy. A wiser approach 
might be to decrease the dose or switch to a different agent. 
Akathisia is manifested as motor restlessness, pacing, or dis-
turbed sleep and may be reported as discomfort or anxiety. 
A danger is that these features may be misinterpreted as 
increasing psychosis, with the neuroleptic dose then being 
increased, resulting in worsened symptoms. As a result, it is 
often better to decrease the dose as an initial response to such 
symptoms to see if they are alleviated.

Tardive dyskinesia is a potential serious side effect of 
neuroleptic use and one of the reasons their use should be 
limited to the indications described above. Tardive dyski-
nesia starts as fine movement of the tongue, a facial tic, or 
lip smacking, but may progress in the extreme to affect 
speech, eating, and breathing. Furthermore, it may be irre-
versible. Older adults and women are most likely to develop 
tardive dyskinesia, and it is more likely to be severe and 
less likely to be reversible in older adults. It is less clear 
that treatment duration and type of agent are important 
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contributors to risk [59, 60]. The primary treatment is to taper 
and discontinue the drug.

“Atypical” agents, such as risperidone (starting dose 
0.25–0.5 mg, maximum daily dose 2.5 mg), have been touted 
as having fewer extrapyramidal side effects, although the 
risk does increase with increasing dosage. Olanzapine (start-
ing dose 2.5–5 mg, maximum daily dose 20 mg) may be 
helpful in individuals who have insomnia or poor oral intake 
in addition to psychosis, although these effects may be prob-
lematic with longer term use.

A number of precautions can be taken to minimize the 
risk or extent of side effects. Once the desired effect is 
achieved and the target symptom is alleviated, or the inciting 
event resolves, the drug should be tapered and discontinued. 
Many of the problems with neuroleptic use result from 
patients being left on the drug long after the inciting event 
resolves and after discharge from the hospital. If patients are 
discharged to a rehabilitation or long-term care facility, it is 
helpful to indicate a time limit to treatment with these agents, 
like one would do with a course of antibiotics. If agents are 
prescribed on an as-needed, or pro re nata (PRN), basis, the 
indication for use and maximum daily dose should be clearly 
stated in the orders. The maximum daily doses provided for 
agents above are guidelines; while they may be exceeded, 
this should be done cautiously and under close supervision 
because of the increased risk of side effects.

Of note, recent evidence has raised concern about the lim-
ited effectiveness of these agents in controlling behavioral 
symptoms and the potential risk of other serious adverse 
effects, such as cardiac and cerebrovascular events and death 
[61–63]. These effects have been noted in patients with 
dementia and with long-term use and higher doses, but they 
may affect the risk–benefit equation in a given patient. They 
also add to the importance of judiciously using these medica-
tions only for the appropriate indications (psychosis and 
agitation where the health and safety of the patient or care-
givers is threatened) and at as low a dose and for as short a 
duration as is clinically necessary.

Antidepressants

The cardinal features of depression are the “vegetative” or 
depressive signs and symptoms, including increased or 
decreased sleep, decreased activity level, fatigue, decreased 
concentration, increased or decreased appetite or weight, motor 
slowing or agitation, guilt, suicidality, chronic somatic com-
plaints, and pain [64]. Although standardized instruments, such 
as the Geriatric Depression Scale, can be useful adjuncts, diag-
nosis still often relies on the recognition of depressive signs and 
symptoms [65]. It is important to rule out underlying medical 
illnesses contributing to depression, such as stroke, myocardial 
infarction, congestive heart failure, thyroid disorders, uremia, 

and certain cancers. Medications may contribute as well, 
including central-acting antihypertensives and b-blockers, 
 narcotics, neuroleptics, benzodiazepines, antihistamines, and 
sedative/hypnotics [66].

Once these contributing factors have been ruled out and 
target signs or symptoms identified, the choice of agent 
depends in part on the characteristics or features of the patient 
and the desired side effect profile [64, 67, 68]. There is cur-
rently a wide range of therapeutic options to treat depression. 
While early agents such as tricyclics can be effective, their 
side effect profiles require much more caution when used in 
older patients. Tertiary amine tricyclics (e.g., amitriptyline, 
imipramine, and doxepin) were among the early agents used. 
Although effective, their side effects are very poorly toler-
ated by elderly persons and they should be avoided. Their 
metabolites (secondary amine tricyclics such as nortriptyline 
and desipramine) are available and are preferred if a tricyclic 
is to be used. Like the low potency neuroleptics, tricyclics 
have as potential side effects sedation, orthostasis, and anti-
cholinergic effects. In addition, they have the potential to 
contribute to arrhythmias. While nortriptyline and desipra-
mine have relatively low arrhythmogenicity, they should be 
used cautiously in persons with underlying conduction disor-
ders, and PR and QRS intervals should be monitored periodi-
cally while on treatment. Desipramine is an activating agent 
and is preferable for persons who are apathetic, withdrawn, 
and anhedonic. Nortriptyline is a sedating agent and is pre-
ferred in individuals who are anxious or have sleep difficul-
ties as well as depression. Blood levels are available for both 
agents and can be used to adjust doses depending on effect 
and side effects (nortriptyline has a therapeutic window – a 
level beyond the upper limit may lead to less effectiveness 
and more side effects) [69].

Because of their enhanced safety and tolerablility profiles, 
selective serotonin and norepinephine reuptake inhibitors 
(SSRI, SNRI) are the current preferred agents for treating 
depression in older patients [68, 70]. In general, citalopram/
escitalopram, sertraline, and venlafaxine are safe, effective, and 
well tolerated by older patients and are reasonable initial 
choices. For patients with certain associated features, other 
agents may be considered. For patients with poor sleep, poor 
intake, and anxiety as features of their depression, mirtazapine 
would be an option. For patients with pain and depression, 
duloxetine is an alternative. The latter options may minimize 
the number of medications by treating multiple symptoms with 
a single agent. Most agents take several weeks to have an effect 
on mood, but beneficial effects on sleep or appetite may be seen 
sooner. Potential side effects include gastrointestinal upset, 
change in sleep, headaches, dizziness, and sexual dysfunction.

Methylphenidate (starting dose 5 mg daily, maximum 
dose 10 mg twice a day, dosed early), which often exhibits 
an effect within 24–48 h, may be used as a bridging activat-
ing agent for particularly anhedonic or apathetic patients 
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until other agents exert their effect, with its primary side 
effects being excessive arousal, gastrointestinal upset, and 
tachycardia [71]. Monoamine oxidase (MAO) inhibitors are 
used infrequently because of their potential serious interac-
tions with certain medications and tyramine-containing 
foods. For life-threatening or refractory depression, electro-
convulsive therapy can be used safely and effectively in 
elderly persons [66].

Anxiolytics

Pharmacologic intervention for anxiety is warranted if symp-
toms are sufficiently severe to interfere with daily coping or 
enjoyment of life. In general, treatment should be short term: 
for a grief reaction or as an adjunct to supportive therapy to 
develop coping strategies. It is important to rule out contrib-
uting disorders such as congestive heart failure and chronic 
obstructive pulmonary disease.

The mainstays of anxiolytic therapy are the benzodiaz-
epines [58, 72]. Given the metabolic changes that occur with 
aging described above, short-acting agents such as loraze-
pam (starting dose 0.5 mg/day) and oxazepam (starting dose 
7.5 mg/day) are preferred because of their more predictable 
half-lives and duration of action. All benzodiazepines 
share potential side effects, including sedation, dizziness, 
depression, confusion, agitation, and disinhibition. Depen-
dence can develop, and tolerance to their effects often occurs 
after 2–4 weeks of continuous use. Consequently, it is best 
to use these agents short term. Because a withdrawal reaction 
or “rebound” characterized by tremor and agitation can occur 
after abrupt withdrawal, benzodiazepines should be tapered 
prior to discontinuing. Buspirone (starting dose 5 mg twice a 
day) is a non-benzodiazepine anxiolytic that is less likely to 
cause dependence, sedation, or psychomotor retardation. 
However, it has a delayed onset of action (several weeks) and 
lacks the soporific and muscle relaxant effects of benzodi-
azepines. Its primary side effects are dizziness and nausea. 
Barbiturates should be avoided because they are less effec-
tive and have greater addictive potential than other available 
agents [72, 73].

Sedative/Hypnotics

Disturbed sleep is a common complaint among older per-
sons, particularly in the hospital [58, 74]. Part of this is due to 
changes that occur in sleep patterns with aging, including a 
phase shift (falling asleep and waking up earlier than in prior 
years) and more disruptions to sleep. Disturbed sleep may 
manifest as difficulty falling asleep, difficulty staying asleep, 
or early morning awakening. A variety of medical factors 
contribute to sleep difficulties, including anxiety, depression, 

pain, itching, nocturia, and congestive heart failure. Medications 
or substances that may contribute include amphetamines, ste-
roids, decongestants, caffeine, and alcohol. A number of 
other factors may play a role among hospitalized patients, 
including daytime naps, intravenous lines, catheters, traction, 
and frequent awakenings for medications or treatments. 
After establishing by history if sleep is disturbed, the main-
stay of treatment should be non-pharmacologic interventions 
directed at potential contributing factors.

If drug treatment is indicated, there are several potential 
choices that can be used safely and effectively short term 
(suggested maximum duration of use is 7–10 days). Among 
the benzodiazepines, short-acting agents are preferred 
because they are less likely to cause carryover sedation 
the following day. Temazepam (starting dose 7.5 mg) has a 
reasonable duration of action but a delayed onset of action 
and so must be given approximately 1–2 h before bedtime. 
Non-benzodiazepine hypnotics, such as zolpidem, zaleplon, 
and eszopiclone, also appear relatively safe in older persons 
[75]. If the primary problem is difficulty falling asleep, 
ramelteon is another option. If persons are depressed and 
have sleep difficulties, treatment with a sedating antidepres-
sant is preferable to separate treatment with two different 
medications. Similarly, if someone has a thought disorder 
and disturbed sleep, a sedating neuroleptic is preferred, but 
neuroleptics should not be used for sleep alone.

Pain Management

Pain is a common complaint among elderly persons and can 
have a substantial effect on mood and physical functioning. 
Adequate treatment is thus important, but caution must be 
exercised because of the strong potential for adverse effects 
with many of these agents. Consequently, it is helpful to fol-
low the stepwise approach defined above for assessing the 
nature and extent of pain, determining its etiology, and 
starting with lower doses of less potent agents. A variety of 
instruments are available to help gauge the current severity 
of pain and the effectiveness of treatment [76, 77].

The first line of therapy often consists of acetaminophen, 
aspirin, or non-steroidal anti-inflammatory agents (NSAIDs) 
[77–79]. Although all three possess analgesic and antipyretic 
properties, acetaminophen lacks the anti-inflammatory prop-
erties of the other two classes. Acetaminophen is safe, effec-
tive, inexpensive, and well tolerated by older persons. 
Caution should be exercised in the setting of liver disease or 
alcohol use, and there may be an increased risk of end-stage 
renal disease with high-dose long-term use [77, 80]. Caution 
must also be taken to ensure that patients avoid compound 
medications that include acetaminophen, which may contrib-
ute to their unknowingly exceeding recommended daily 
limits. Aspirin and non-steroidals can cause gastrointestinal 
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bleeding or renal insufficiency and can interfere with platelet 
function. A variety of central nervous system (CNS) side 
effects may also be seen with non-steroidals. Given that these 
three classes provide roughly equipotent analgesic effects, 
acetaminophen is a safer initial choice in the absence of 
inflammation. The most recent guidelines of the American 
Geriatrics Society recommend acetaminophen rather than 
non-steroidals for the first-line treatment of pain because of 
their side effect profiles in older adults [79].

If pain is not controlled with these agents, opioid analge-
sics are the next line of treatment [77–79]. They are often 
characterized as mild or strong. Mild opioids, such as codeine 
and oxycodone, may provide relief alone or in conjunction 
with the non-opioid analgesics described above. Strong opi-
oids, such as morphine, are used if pain remains unrelieved. 
All opioids have similar potential side effects, including 
respiratory depression, constipation, urinary retention, nau-
sea and vomiting, delirium, and myoclonus. The patient 
should be monitored closely and appropriate dose adjust-
ments made when these side effects appear. Prophylactic 
bowel regimens are often necessary and should be initiated 
when the narcotic is started. Tolerance to some of the effects 
may appear and may be facilitated by continuous, rather than 
as-needed, administration schedules. For respiratory depres-
sion, the opiate antagonist naloxone may be helpful. 
Meperidine should be avoided in the elderly, as it must be 
used with caution in patients with renal insufficiency and its 
metabolite, normeperidine, may cause seizures. Topical anal-
gesics such as capsaicin may be helpful for conditions such as 
herpes zoster. Non-pharmacologic modalities such as heat, 
cold, massage, biofeedback, and transcutaneous electrical 
nerve stimulation (TENS) help in certain situations. Nerve 
blocks are another potential option for certain types of refrac-
tory pain. A recent trial of an interdisciplinary analgesic pro-
gram in orthopedic patients found that intervention participants 
had less pain postoperatively and at 6 months and better phys-
ical performance [81].

Antihistamines

Histamine H
1
 receptor blockers are commonly used for treat-

ment of allergies and allergic reactions; occasionally they are 
used as sedative/hypnotics. Because of their prominent anti-
cholinergic properties, they should be used cautiously in the 
elderly. Newer agents with relatively low anticholinergic 
properties, such as loratadine, are preferred to treat allergy 
symptoms. Antihistamines such as diphenhydramine should 
not be used as sleep medications given the availability of 
safer agents.

Histamine H
2
 receptor blockers, used to inhibit gastric 

acid secretion, can be safely used in elderly persons. All these 
agents can cause alterations in mental status [82]. The dose 

and duration of use should be kept to a minimum and always 
adjusted for renal function. If used prophylactically during 
the perioperative period, the dose should be decreased and 
ultimately discontinued as soon as possible.

Antibiotics

There are two major clinical categories of antibiotic usage 
among surgical inpatients: perioperative prophylaxis and the 
treatment of postoperative infections. Surgical site infections 
account for 11% of nosocomial infections among older 
patients [83]. Although this chapter does not deal with spe-
cific antibiotic recommendations, it addresses the general 
principles of antibiotic choice, dosing, and specific side effects 
in the geriatric patient.

As older persons increasingly receive technologic devices 
(grafts, stents, pacemakers, transplanted organs, and dialysis 
catheters) to improve and maintain their quality of life, the 
devices themselves and the medications (immunosuppressive 
drugs, anticoagulants) that patients may be on as a result need 
to be taken into consideration when choosing an antibiotic regi-
men. In the field of cardiothoracic surgery in particular, improv-
ing cardiopulmonary bypass technology allows for safer 
procedures with reduced morbidity and mortality even in older 
patients. With an ever-expanding array of antibiotics available, 
the proper choice of antibiotic must take into account possible 
drug interactions (Table 18.7), the side effect profile of a par-
ticular drug, and the appropriate dose in a given patient [84].

The increasing antibiotic resistance noted in several 
strains of gram-positive bacteria has led to the development 
of new classes of antibiotics in an effort to combat this prob-
lem. All this has improved our ability to successfully care for 
and treat patients, but has also increased the risk of potential 
side effects and drug interactions to which patients are 
exposed. The advent of the electronic medical record, elec-
tronic prescribing systems, and electronic prescribing data 
bases have made the life of a busy clinician easier and have 
been shown to prevent adverse events [85].

While the maxim of geriatric prescribing, “start low, go 
slow” is true for most classes of drugs, this practice is not 
advisable with antibiotic use. This is especially true in the 
critically ill cardiothoracic surgical patient and may contrib-
ute to the problem of antimicrobial resistance. Understanding 
when pharmacokinetic changes in the elderly are important 
and call for dose adjustment is imperative [86]. Proper dos-
ing of antibiotics and other drugs in older adults reduces the 
incidence of ADRs. This is especially important given that 
the incidence of ADRs increases with advancing age and the 
effects are more serious in frail elderly patients than in their 
younger counterparts [87]. Improper dosing is a more frequent 
cause of error in therapy than is the use of an inappropriate 
drug [88].
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Judicious clinical practice requires the prescribing physi-
cian to be aware of age-related changes in drug absorption, 
distribution, metabolism, and elimination. These have been 
described earlier in this chapter. Of these factors, elimination 
is the most clinically relevant to antibiotic dosing given the 
decline in renal function with age. Many disease processes in 
the elderly, including most notably hypertension and diabe-
tes, contribute to and accelerate this decline [87].

Most clinicians are aware of the need to decrease the dose 
of certain nephrotoxic antibiotics, such as aminoglycosides, 
in the setting of frank renal insufficiency or decreased creati-
nine clearance. However, other commonly used drugs such 
as quinolones and most cephalosporins need to be dose 
adjusted for a creatinine clearance of less than 30 mL/min 
[89]. Table 18.8 lists selected antibiotics requiring dose 
adjustment [90, 91].

Although aminoglycosides remain important drugs for 
treating serious infections, alone or in combination with 
other drugs, the availability of newer agents (quinolones, 
monobactams, carbapenems) with broad-spectrum coverage 

and less nephrotoxicity make the use of aminoglycosides 
less attractive in elderly persons. Risk factors for the devel-
opment of aminoglycoside-induced nephrotoxicity include 
diabetes mellitus, dehydration, advanced age, and duration 
of treatment [92]. In addition to nephrotoxicity, aminogly-
cosides may cause ototoxicity, particularly in elderly patients 
if given in high dose or for prolonged periods because oto-
toxicity is cumulative. Furthermore, the risk of ototoxicity is 
greater in patients concomitantly taking a loop diuretic 
[93–95].

Evidence suggests that once-daily dosing of an aminogly-
coside is at least as effective as, and less toxic than, conven-
tional dosing regimens of multiple daily dosages as long as 
trough levels are monitored closely. Several analyses of pooled 
data from randomized controlled studies in adults found that 
once-daily aminoglycoside dosing may be associated with less 
nephrotoxicity and no greater ototoxicity than with conven-
tional dosing [96–99]. However, once-daily aminoglycoside 
dosing is not appropriate for, or recommended in, any patient 
with a creatinine clearance less than 30 mL/min.

Table 18.8 Selected antibiotics requiring dose adjustment during 
renal insufficiency

Antibiotic Usual dose
Dose for CrCl 
(10–50 mL/min)

Dose for CrCl 
(<10 mL/min)

Cefazolin 1–2 g q8 h 1–2 g q12 h 1–2 g 
q24–48 h

Cefuroxime 0.75–1.50 g q8 h 0.75–1.50 g 
q12 h

0.75–1.50 g 
q24 h

Ceftazidime 2 g q8 h 2 g q12–24 h 2 g q24–48 h
Cefotaxime 2 g q8h 2 g q12–24 h 2 g q24 h
Penicillin G 0.5–4.0 million 

units q4 h
75% of dose 20–50% of 

dose
Ampicillin 1–2 g q6 h 1–2 g q6–12 h 1–2 g 

q12–24 h
Pipercillin 

tazobactam
3.375–4.5 g 

q6–8 h
2.25 g q6 h 2.25 g q8 h

Piperacillin 3–4 g q4–6 h 3–4 g q6–8 h 3–4 g q8 h
Ticarcillin 

clavulanate
3.1 g q4 h 3.1 g q8–12 h 2 g q12 h

Aztreonam 2 g q8 h 50–75% of dose 25% of dose
Ertapenem 1 g q24 h 0.5 g q24 h 0.5 g q24 h
Imipenem–

cilastatin
0.5 g q6 h 0.25 g q6–12 h 0.125–0.25 g 

q12 h
Metronidazole 7.5 mg/kg q6 h 7.5 mg/kg q6 h 50% of dose
Vancomycin 1 g q12 h 1 g q24–96 h 1 g q4–7 days
Gentamicin 1.7 mg/kg q8 h 1.7 mg/kg 

q12–24 h
1.7 mg/kg 

q48 h
Amikacin 7.5 mg/kg q12 h 7.5 mg/kg q24 h 7.5 mg/kg 

q48 h
Amphotericin B 0.4–1 mg/kg 

q24 h
0.4–1 mg/kg 

q24 h
0.4–1 mg/kg 

q24 h
Fluconazole 100–400 mg 

q24 h
50% of dose 50% of dose

Ciprofloxacin 
(IV)

400 mg q12 h 400 mg 
q12–24 h

400 mg 
q18–24 h

CrCl creatinine clearance
Source: Data are from Sanford et al. [91]

Table 18.7  Selected antibiotics and their drug interactions

Antibiotic Other drug Effect

Ampicillin Anticoagulants ↑ Anticoagulation
Aminoglycosides Amphotericin B ↑ Nephrotoxicity

Cyclosporine ↑ Nephrotoxicity
Loop diuretics ↑ Ototoxicity
Neuromuscular blockers ↑ Respiratory paralysis
NSAIDs ↑ Nephrotoxicity
Vancomycin ↑ Nephrotoxicity

Cefoperazone, 
cefotetan

Anticoagulants ↑ Anticoagulation

Clindamycin Muscle relaxants ↑ Frequency of 
respiratory paralysis

Ciprofloxacin Antacids/sucralfate/
cations (vitamins, 
calcium 
supplements)

↓ Absorption of 
ciprofloxacin if 
taken within 2 h

NSAIDs ↑ Central nervous 
system (CNS) 
stimulation/seizures

Anticoagulants ↑ Anticoagulation
Fluconazole Tacrolimus ↑ Tacrolimus level with 

toxicity
Cyclosporine ↑ Cyclosporine level, 

nephrotoxicity
Calcium channel 

blockers

↑ Calcium channel 
blocker level

Anticoagulants ↑ Anticoagulation
Theophylline ↑ Theophylline level

Metronidazole Alcohol Disulfiram-like reaction
Oral anticoagulants ↑ Anticoagulation

Imipenem–
cilastatin

Cyclosporine ↑ Cyclosporine level

Trimethoprim–
sulfamethox-
azole

Anticoagulants ↑Anticoagulation

Source: Data from Sanford et al. [84]
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Although liver size and blood flow tend to decrease with 
age, in the absence of serious liver disease and subsequent 
hepatic dysfunction, antibiotic dosages do not need to be 
adjusted. Drug-induced hepatitis in patients treated with 
antituberculous agents, especially isoniazid, increases in 
incidence from 2.8/1,000 in patients <35 years old to 
7.7/1,000 in patients ³55 years old [93, 100]. Therefore, liver 
function tests must be performed frequently prior to and dur-
ing the course of antituberculous therapy. Antibiotics that 
require dose adjustments in patients with hepatic dysfunc-
tion include cefoperazone, clindamycin, erythromycin, iso-
niazid, ketoconazole, nafcillin, and rifampin (Table 18.9).

b-Lactam antibiotics (penicillins, cephalosporins, cephamy-
cins, carbapenems, monobactams) have varying characteris-
tics of absorption, peak concentration, bioavailability, and 
metabolism. These topics are described in detail in standard 
texts and are not covered here. In general, bioavailability is 
relatively poor after oral administration, which has implica-
tions for the switch from intravenous to oral preparations, and 
pharmacokinetics are similar after intramuscular or intrave-
nous administration [90].

Cephalosporins are relatively safe drugs to use in older 
persons and are recommended as first-line drugs for periop-
erative prophylaxis in cardiothoracic patients who do not 
have a b-lactam allergy. Dosages for certain cephalosporins 
need adjustment for renal insufficiency (Table 18.8). The 
broad spectrum of activity of ceftriaxone together with its 
convenient once-daily dosing make it an ideal drug for 
empiric use in a variety of clinical infections in older adults 
[101, 102]. It also has both renal and biliary excretion, thus 
requiring little adjustment for renal insufficiency. A lesser 
known side effect of ceftriaxone is the formation of biliary 
sludge with prolonged use [103].

Cefoperazone, a third-generation cephalosporin still in 
use especially for the treatment of intra-abdominal infections, 
has primarily biliary excretion and needs no adjustment for 
renal insufficiency; however, it can cause elevation of the 
 prothrombin time [104]. This side effect is particularly impor-
tant in the surgical patient. There are three proposed mecha-

nisms of cephalosporin-associated  hypoprothrombinemia, 
two of which involve the N-methylthiotetrazole (NMTT) 
moiety. The most plausible mechanism is NMTT inhibition 
of vitamin K epoxide reductase in the liver. Patients at 
increased risk for this adverse event include those with low 
vitamin K stores, specifically patients who are malnourished 
with low albumin concentrations and poor food intake. The 
elderly and patients with liver or renal dysfunction are exam-
ples of populations at potential risk. The manufacturer there-
fore recommends concomitant use of vitamin K once a week 
during cefoperazone administration, although epidemiologic 
studies suggest that bleeding complications with antibiotics 
in general may have more to do with other risk factors than 
the specific antibiotic [105–108]. It should also be noted that 
cefoperazone causes a mild disulfiram-like reaction when 
given within 72 h of alcohol ingestion.

Carbapenems (imipenem cilastatin, meropenem, ertap-
enem) are a widely used class of drugs especially in the post-
operative patient because of their broad spectrum of activity. 
Their pharmacokinetics are similar to cephalosporins, and 
renal excretion necessitates dose adjustment for renal insuf-
ficiency. The cilastatin component of imipenem cilastatin 
has no antibacterial activity, but inhibits renal tubular metab-
olism of imipenem, thereby increasing the urinary concen-
tration of the active drug. Major adverse effects of the 
carbapenems, especially imipenem cilastatin, are related to 
the CNS including seizures, somnolence, and confusion 
[109], particularly in the elderly with a prior history of a 
CNS lesion, seizure disorder, or renal failure.

Aztreonam is a monobactam that has only aerobic gram-
negative bacterial coverage. Its pharmacokinetics are similar 
to that of the cephalosporins. It is frequently used in patients 
with renal insufficiency as a substitute for aminoglycosides, 
although it too needs dose adjustment in such patients. Its 
use in combination with b-lactam antibiotics for synergy 
(as with aminoglycosides for enterococcal or pseudomonal 
infections), however, has not been validated. It lacks cross-
reactivity with other b-lactam antibiotics and can be used 
safely in patients with severe allergy to penicillin or cepha-
losporins [110, 111].

The fluorinated quinolones have gained wide usage dur-
ing the past few decades. Compared to the older quinolones 
(norfloxacin, ciprofloxacin), the third and fourth generation 
quinolones (ofloxacin, levofloxacin, moxifloxacin) have a 
broad spectrum of aerobic gram-positive and gram-negative 
bacterial activity along with the same excellent pharmacoki-
netic profile. The new generations of quinolones have better 
gram-positive coverage, especially in vitro activity against 
Streptococcus pneumoniae, than the earlier quinolones (cip-
rofloxacin). In addition, they are active against intracellular 
organisms such as Legionella, Mycoplasma, Chlamydia, and 
Mycobacteria. They are well absorbed orally, with a high 
degree of bioavailability that makes them especially useful 
drugs in the transition from intravenous to oral dosing. 

Table 18.9 Selected antibiotics requiring dose adjustment in the 
presence of severe hepatic dysfunction

Nafcillin
Cefoperazone
Clindamycin
Erythromycin
Ketoconazole
Isoniazid
Rifampin

Source: Reprinted with permission from Marottoli RA, Jeffery SM, 
Pinto-Powell RC. Drug usage in surgical patients: preventing medica-
tion related problems. In: Rosenthal RE, Katlic MR, Zenilman ME, 
editors. Principles and practice of geriatric surgery. 2nd ed. New York: 
Springer; 2010
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They also have excellent tissue penetration. Care should be 
taken with the oral administration of these drugs to ensure 
that they are administered 2 h before or after antacids, sucral-
fate, or other multivalent metallic cations as their absorption 
can be severely impaired [112, 113]. Renally eliminated 
fluoroquinolones (ofloxacin, levofloxacin) need to be dose 
adjusted when the creatinine clearance is less than 50 mL/min.

With the increased usage of this class of antibiotics, there 
have been reports of specific side effects in older adults. 
Certain quinolones can cause QT interval prolongation. They 
should be avoided in patients with known prolongation of the 
QT interval, patients with uncorrected hypokalemia or hypo-
magnesemia, and patients receiving Class I or Class II antiar-
rhythmic drugs [114]. Elderly patients on corticosteroids, 
especially in the setting of chronic renal insufficiency, are at 
risk for Achilles tendon rupture [115]. An important and well-
documented drug interaction of quinolones with warfarin is 
particularly noteworthy in the post-surgical patient. The pro-
thrombin time (PT) and INR need to be closely monitored to 
prevent bleeding complications [116, 117].

With the current escalating problem of antibiotic resistance 
and the increase in the numbers of resistant gram-positive 
infections (Methicillin-resistant Staphylococcus aureus and 
Vancomycin-resistant Enterococci), several new antibiotics 
have been introduced in the past decade as an alternative to 
Vancomycin. Linezolid and Quinupristin Dalfopristin are 
two such antibiotics. Linezolid, a fluorinated oxazolidinone 
active against gram-positive organisms, is a non-selective 
inhibitor of monoamine oxidase (MAOI). Drug interactions 
need to be kept in mind when using this antibiotic. Linezolid 
is on the list of drugs with serotonergic activity that may 
cause serotonin syndrome – a potentially preventable com-
plex of symptoms that may be fatal if not recognized early. 
The most common drug combinations associated with sero-
tonin syndrome are MAOIs with selective serotonin reuptake 
inhibitors (SSRIs). Since SSRIs are frequently used for the 
treatment of depression, this is an important drug interaction 
to keep in mind [118–120].

Clostridium difficile-associated diarrhea (CDAD) is a 
challenge in the care of all hospitalized patients, particularly 
older ones. Surgical patients comprise 55–75% of all patients 
with CDAD [121]. Initial treatment regimens remain the 
same in this population and include oral metronidazole 
(cheap and effective) or oral vancomycin (expensive and 
concern for antibiotic resistance). However, there is an 
increased frequency of treatment failure and CDAD recur-
rence among elderly persons. A prolonged tapering course of 
antibiotics, treatment with anion exchange resins, oral lacto-
bacillus or non-pathogenic yeast such as Saccharomyces 
boulardii, and fecal transplants (enema with feces from 
healthy donors) or combinations of the above may need to be 
considered in refractory cases. None of these regimens has 
been proven superior to the others [122].

Summary

A number of factors can potentially influence the risk–
benefit equation for drug use in an older population, including 
age-related physiologic changes in organ system function; 
increased likelihood of comorbid diseases affecting organ 
systems that are the intended site of drug action or are respon-
sible for the metabolism or clearance of a drug; and increased 
likelihood of multiple chronic medications, which may 
increase the possibility of drug interactions. However, the 
vast majority of drugs can be used safely and effectively in 
older cardiothoracic surgical patients if appropriate precau-
tions are taken in the selection, dosing, and timing of drugs 
and in the active monitoring of effects and side effects.
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Abstract Being elderly is a risk factor for delayed wound 
healing. In aged skin, epidermal turnover is decreased by 
about 50%. This is accompanied by reductions in vascu-
larization, granulation tissue, collagen, elastin, mast cells 
and fibroblasts. Age-related changes occur which impact 
all phases of healing. In general, the elderly have increased 
rates of infection and wound dehiscence, decreases in wound 
strength, and slower healing times. This is primarily caused 
by reductions in re-epithelialization, angiogenesis, mac-
rophage infiltration, and collagen deposition. Paradoxically, 
wounds heal with less scarring in the aged. It is important to 
note that healing is delayed but not impaired in the elderly, 
and the end result of healing, albeit slower, is similar to that 
of young adults. However, concomitant risk factors for delays 
or impairments in healing (e.g., disease, medications, malnu-
trition, immobility, obesity, stress) are more common in the 
elderly. Each of these risk factors should be tested for, treated, 
and monitored accordingly prior to surgery to ensure maximal 
healing. It is not being elderly per se, but being elderly and 
presenting additional risk factors, that predisposes an indi-
vidual to impaired healing and poor surgical outcomes.

Keywords Aging • Elderly • Wound healing • Infection  
• Bacteria • Inflammation • Proliferation • Remodeling  
• Cytok ine • Chemokine • Growth factor • Macrophage  
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Introduction

The world is quickly aging. The elderly (aged ³65 years) 
presently comprise the fastest growing population in Western 
countries and, estimates predict, will make up 20% of 
the United States population (71.5 million) by 2030 [1]. 
Moreover, individuals who are 85+ years of age make up the 
fastest growing segment of the elderly [2].

The treatment of impaired healing costs United States health 
services more than $9 billion annually [3], much of which has 
been associated with age-associated delays in wound closure. 
These delays, in turn, relate to increased risk of infection and 
medical complications. The elderly have the highest occur-
rence of wounds of any age group in the United States [2]. 
Thus, the impact of aging on wound healing is an important 
issue which severely impacts national health care costs.

In 1916, during World War I, a military surgeon named 
Lacomte Du Nuoy observed a slower healing rate of open 
skin wounds in older compared to younger soldiers, which 
he termed as a “natural delay.” Importantly, this was the first 
report to be published on age-impaired healing [4]. These 
findings are hard to interpret, however, as his measures were 
reasonably basic, the soldiers were relatively young (20–40 
years), and factors such as wound depth and incidence of 
infection were not accounted for.

Since then, multiple studies have reported associations 
between increasing age and poorer healing outcomes in 
humans [5–7]. In general, however, these studies have not 
controlled for potentially confounding factors that are more 
common in older individuals, such as the presence of comor-
bidity and medication use. Other studies have reported no 
differences in healing rates between older and younger adults 
[8–10]. Animal studies, which generally avoid such con-
founds, have generally found age-associated healing impair-
ments [11–14]. However, animal models have been poor 
predictors of clinical wound healing [10]. Thus, it remains 
somewhat unclear in humans if aging per se negatively 
impacts wound healing [9, 10]. Furthermore, if age-related 
delays in wound healing do exist, are such effects clinically 
relevant?
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The Three Stages of Wound Healing

Wound healing can be divided into three overlapping phases: 
an inflammatory phase (lasting hours to days), a proliferative 
phase (days to weeks), and a remodeling phase (weeks to 
months). These phases are interdependent. Thus, during 
early inflammation, cytokines and growth factors are released 
which are essential for the proliferative phase. In turn, ele-
ments from the advancing epithelium help to resolve this 
inflammation. Importantly, the timing and activity of each 
phase depends upon the resolution of the previous phase. As 
a result, dysregulation of any phase can impair healing at 
multiple levels. A dysregulation of inflammation may be par-
ticularly important, as this is the earliest phase in the healing 
cascade. Aging has been shown to affect immune compo-
nents from every phase of healing.

Inflammatory Phase

The inflammatory phase commences as soon as injury occurs, 
and is involved in minimizing damage, protecting from infec-
tion, debris removal, and initiating the downstream cascade 
of events necessary for tissue repair [15]. A number of impor-
tant mediators are released early in the healing process by 
platelets, white blood cells, and other blood elements in 
response to injury. These mediators include complement 
products, kinins, fibrin, and prostaglandins. A provisional 
matrix is created in the form of a blood clot which helps 
contain the injury and provides a scaffold for repair.

Cells endogenous to the site of injury are important par-
ticipants in the early development of inflammation. Following 
injury, interleukin (IL)-1a (alpha) is released from constitu-
tive stores by endothelial cells. Langerhans cells in the epi-
dermis similarly release inflammatory mediators, and mast 
cells secrete preformed histamine and tumor necrosis factor 
(TNF-a). These mediators increase blood flow to the site of 
injury, and induce the expression of adhesion molecules on 
endothelial cells (e.g., E-selectin, ICAM) and the release of 
chemokines from various immune cells (e.g., IL-8 from neu-
trophils, MCP-1 and MIP-1a from macrophages). Together, 
these regulate the migration of inflammatory cells from the 
peripheral circulation into the tissue. Neutrophils appear 
within minutes and macrophages within hours from the time 
of injury, followed eventually by lymphocytes. These cells 
aid in bacterial clearance and the phagocytosis of damaged 
tissue. They also produce a number of cytokines which fur-
ther aid in inflammation, and growth factors which aid cells 
such as fibroblasts, keratinocytes, and endothelial cells in the 
proliferative phase of healing.

The timeline of inflammation is important and sets the 
stage for the other healing phases. Normal healing typically 

involves a strong but short lived inflammatory response 
which enables quick bacterial clearance from the wound. 
Too much or too little inflammation will typically retard this 
process and, in turn, delay re-epithelialization which occurs 
during the proliferative phase.

Proliferative Phase

This second phase of healing, which entails the rebuilding of 
damaged structures, involves fibroblasts, epithelial cells and 
endothelial cells. This phase begins with the proliferation 
and migration of squamous epithelial cells (keratinocytes) 
along the wound margin, followed by the proliferation of 
dermal fibroblasts surrounding the wound. Many of these 
fibroblasts deposit large amounts of fibronectin which is 
important for cell migration and adhesion. These fibroblasts 
also secrete collagen, hyaluronic acid, elastin and other com-
ponents which make up the extracellular matrix. This new 
tissue is called granulation tissue. Other fibroblasts migrate to 
the wound edge, acquire a contractile phenotype and trans-
form into myofibroblasts. These cells play a major role in 
wound contraction which reduces the area of repair and min-
imizes reconstructive costs.

Tissue demands for oxygen are highly elevated during 
wound repair and a strong angiogenic response occurs to 
meet this need. Endothelial cells migrate to the site of injury, 
proliferate and form new blood vessels, and nerve sprouting 
occurs at the leading edge of the wound. The degree of vas-
cularization exceeds what is needed for normal tissue main-
tenance, and eventually recedes to normal levels once the 
wound has closed.

As keratinocytes advance and re-epithelialize the wound’s 
surface, they send signals inhibiting further inflammation. 
Once the wound is covered, the epithelium thickens and 
secretes structural proteins such as involucrin and keratins to 
fully restore barrier function (Fig. 19.1).

Remodeling Phase

Similar to changes in vascularization, the connective tissue 
produced is hypercellular compared to normal tissue. As a 
result, a remodeling of these cells may continue for a long 
time after wound closure. The time required for this depends 
upon the wound’s size and depth, the site of injury, etc. 
Ideally, these extra cells undergo apoptosis (programmed 
death) and are removed by macrophages. If the cells undergo 
lysis or necrosis, inflammation will result with additional 
tissue damage and scarring. Scarring is more likely to occur 
when there is a higher over-abundance of cells, which may 
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occur due to extended inflammation or as a result of infection. 
Hence, the avoidance of scarring is dependent upon a quick 
resolution of the earlier phases of healing.

This remodeling phase involves the synthesis, degradation, 
reorganization and stabilization (via cross-linking) of colla-
gen. Matrix metalloproteinases (MMPs) and tissue inhibitors 
of metalloproteinases (TIMPs) are synthesized and control 
the spatial and temporal aspects of this remodeling.

The Aging Skin

It is well accepted that aging alters skin morphology [8, 13] 
(Table 19.1). As one ages from 20 to 70 years, epidermal 
turnover is reduced by about 50% [16]. This is likely due to 

an age-related decline in the response of keratinocytes to 
growth factors, which limits the proliferative capabilities of 
these cells [17, 18]. In older adult skin there are reductions 
in vascularization [19], granulation tissue [19], collagen den-
sity and production [13, 17, 19], elastin [10, 20], mast cells 
(<50%) [21], and fibroblast numbers [19] and motility 
[22, 23].

Many of the deleterious effects of aging on skin pertain to 
extrinsic aging factors, such as cumulative UV and infra-red 
exposure, which can result in skin damage over time. In gen-
eral, extrinsic aging impacts skin morphology more extremely 
than intrinsic aging [17]. Although these factors are inher-
ently different, at times they offset each other. For instance, 
photo-aging causes a thinning of the upper dermis, whereas 
chronological age is associated with a thickening of the lower 
dermis. As a result, the overall thickness of the epidermis 
does not appear to change over time [10] until about age 
70, at which time it begins to thin [17]. One common effect 
of intrinsic aging is a drop in elastin content which contrib-
utes to the reduced skin elasticity commonly observed in the 
aged [10].

Clinically, aged skin is characterized by atrophy, drying, 
roughness, pigment alterations, sagging, wrinkling, and the 
presence of benign or malignant tumors [13]. The pH of skin 
remains constant at about 5.5 through adulthood until age 70 
and then rises significantly. This increases the susceptibility 
to infection, as cutaneous acidity inhibits bacterial coloniza-
tion [24]. As mentioned, a thinning of the skin starts at this 
same age [10, 17]. Overall, the dermis becomes less dense, 
less cellular and less vascular with age [10]. In addition, 
there is a marked reduction in cutaneous blood flow. This 
affects the ability to adapt to temperature, and likely impacts 
wound repair due to decreases in oxygen and nutrient transport, 
and immune cell infiltration [25].

a

b

c

Fig. 19.1 Schematic representation of different stages of wound repair. 
(a) 12–24 h after injury the wounded area is filled with a blood clot. 
Neutrophils have invaded into the clot. (b) At days 3–7 after injury, the 
majority of neutrophils have undergone apoptosis. Instead, macrophages 
are abundant in the wound tissue at this stage of repair. Endothelial cells 
migrate into the clot; they proliferate and form new blood vessels. 
Fibroblasts migrate into the wound tissue, where they proliferate and 
deposit extracellular matrix. The new tissue is called granulation tissue. 
Keratinocytes proliferate at the wound edge and migrate down the 
injured dermis and above the provisional matrix. (c) 1–2 weeks after 
injury the wound is completely filled with granulation tissue. Fibroblasts 
have transformed into myofibroblasts, leading to wound contraction 
and collagen deposition. The wound is completely covered with a 
neoepidermis (reprinted from Werner and Grose [96], with permission 
from the American Physiological Society)

Table 19.1 Age related changes in skin

Histological changes
Reduction in epidermal turnover
Reduction in vascularization
Decrease of granulation tissue
Decrease in collagen density
Decrease in elastin content
Reduction in fibroblast numbers
Reduction in mast cells
Decrease in cellular motility

Clinical changes
Atrophy
Drying
Roughness
Altered pigmentation
Sagging
Wrinkling
Tumor formation
Skin becomes thinner (after age 70)
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Wound Healing and Aging

Delays in wound closure result in increased incidence of 
infection and medical complications [13, 26]. Although 
many studies have reported age-related delays of healing in 
the elderly (65+ years) [5–7], such findings have been criti-
cized for not controlling for confounding factors which occur 
more commonly in the aged, such as comorbidity and medi-
cation use [8, 10, 14]. Many of these reports are also clinical 
in nature, so wounds were not standardized and were of dis-
similar sizes, shapes and locations. Thus, in humans it 
remains somewhat unclear if intrinsic aging delays wound 
healing.

In contrast, animal models typically utilize wounds 
which are standardized for size, depth, time and location of 
placement, etc. Such studies have found that aged animals 
heal 20–60% more slowly than young adult animals [27]. 
Other studies have more specifically reported that angio-
genesis, re-epithelialization and collagen synthesis were 
delayed in aged mice [11], and macrophages from these 
mice, though increased in number at the wound site, had 
decreased phagocytic capabilities (37–43% reduction) com-
pared to young mice [12]. The consensus from animal  
studies overall is that an age-associated delay, but not  
an impairment, exists in wound healing [9, 11–14]. 
Unfortunately, animal models do not seem to be strong pre-
dictors of clinical healing [10].

Despite reduced collagen deposition (types I and III) in 
the wounds of aged mice, the collagen organization has  
surprisingly been reported to be like normal skin, and exhibits 
a basket-weave architecture [9]. For determining wound 
strength, the orientation of collagen fibers may be more 
important than collagen quantity [28]. Moreover, the final 
collagen content does not differ between younger and older 
animals in fully healed wounds [11].

In humans, the functioning of both the innate and acquired 
immune systems decreases with age (for reviews see [29–
31]). Given that local and systemic inflammatory responses 
are similarly reduced with age [24, 32], a decline in wound 
healing capabilities in the elderly seems likely.

Human studies indicate that age-related changes in wound 
healing are qualitative and impact all phases of healing. Such 
changes include enhanced platelet aggregation [13], increased 
rates of infection [33], decreases in wound strength and mac-
rophage function, and delays in re-epithelialization, angio-
genesis, macrophage infiltration, collagen deposition, and 
remodeling [10, 13]. In addition, the architecture of collagen 
fibers (bundles) becomes increasingly disorganized with 
increasing age. This reduction in, and disorganization of, 
collagen is thought to be largely responsible for the reduced 
tensile strength and increased dehiscence rate observed in 
the surgical wounds of elderly patients [17]. Increased bruis-

ing and persistent contact dermatitis are also more common 
in the elderly [33].

Importantly, many of the differences seen with age do not 
pertain to cellular defects, but instead to differences in the 
timing and degree of cellular infiltrate into tissue. In support 
of this, in vitro studies suggest that cellular responses to 
cytokines remain unaltered in the aged [34].

In humans there appears to be an early increase in neutro-
phil infiltration in the aged. This is accompanied by delays in 
macrophages and lymphocytes with cell numbers peaking at 
day 84 in the aged, compared to days 7 and 21 for monocytes 
and lymphocytes in the young, respectively [35]. In addition, 
several cellular adhesion molecules (CAM) (e.g., intracellular 
CAM-1, vascular CAM-1) were seemingly delayed and less 
intently expressed in the aged [35]. Together, these differ-
ences might alter the early inflammatory response, thereby 
affecting the entire healing cascade.

MMPs and TIMPs are involved with the degradation 
and remodeling of the extracellular matrix in order to aid cell 
migration. MMP-2 and MMP-9 have been shown to be ele-
vated with age, and TIMPs have been shown to be lower in 
both acute wounds and in the normal skin of aged humans 
[36, 37]. This profile of higher MMPs and lower TIMPs may 
predispose aged skin to tissue breakdown disorders [36] 
(Fig. 19.2).

Overall it seems that wound closure is delayed, at least to 
some degree, in the skin of elderly humans. Less is known 
about the effects of age on wound healing in other tissue 
types (Table 19.2).

Mucosal Tissue and Aging

Most experimental healing studies involve dermal wounds. 
Mucosal wounds occur frequently and the healing of mucosa 
is important in most surgical outcomes. Extrinsic aging 
(primarily UV exposure) has little to no effect on the mucosa, 
making these tissues a good model for studying the effects of 
intrinsic aging. However, little is known about how aging 
impacts mucosal healing.

Oral wounds occur commonly, and their healing is com-
parable to wounds in other mucosal tissues with respect to 
repair rates and susceptibility to infection. Clinical studies 
have reported that with increasing age there is a greater 
degree of periodontal breakdown, more inflammation and a 
slower rate of healing [38]. Using a model of oral mucosal 
wound healing, Engeland et al. [39] assessed wound closure 
in younger (18–35 years) and older (50–88 years) human 
volunteers. A 3.5-mm excisional wound placed ~3 mm from 
the gingival margin on the hard palate was found to heal 
slower in older adults. Importantly, this finding occurred 
regardless of comorbidity or medication use.
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As previously mentioned, studies that have assessed aging 
and healing have been criticized for not accounting for 
the high rates of comorbidities and medication use in older 

individuals. In this study, four sets of analyses were performed, 
which selectively excluded the following  individuals: (1) 
those receiving any type of medication (excluding allergy, 
birth control, or nutritional supplements such as vitamins); 
(2) those who presently have or in the past had a serious 
medical condition (e.g., diabetes, cancer, stroke, heart dis-
ease, hypertension, hypothyroidism, arthritis, irritable bowel 
disease, bacterial meningitis, psychopathological abnormali-
ties such as depression); (3) those who reported to not be in 
good overall health; and (4) all of the above. After applying 
any of these exclusion criteria, older individuals still exhib-
ited slower wound closure compared to younger adults (see 
Figs. 19.3–19.4 for results which exclude individuals taking 
medication).

Surprisingly, when older individuals taking medication 
were excluded from the analyses, the age-associated delays 
in wound healing became significantly stronger (Figs. 19.3–
19.4). A common criticism of past studies is that the inclu-
sion of such individuals may exaggerate or even account for 
age-related healing impairments. However, these findings by 
Engeland et al. [39] suggest that age impairments in wound 
healing are not exaggerated by medication use. Furthermore, 
the deleterious effects of age on wound healing may be stron-
ger than previously suspected.

Observing values obtained 5 days after wounding, 
wounds were 56% larger in older subjects, and younger 
individuals were 3.7 times more likely to be considered 
healed than older individuals. Older women healed the slow-
est, and their wounds on day 5 were 95% larger than young 
men (the quickest healing group). Thus, older women appear 

Fig. 19.2 Aging is associated 
with delayed epithelialization 
resulting from impaired 
migration and proliferation, 
excessive inflammation leading 
to increased levels of proteases 
(MMPs, elastase) and matrix 
degradation. Reduced fibroblast 
production of, and responses to, 
specific cytokines (e.g., 
TGF-b1, EGF) results in 
reduced matrix production, 
compounding the excessive 
degradation at the wound site 
(reprinted with permission from 
Ashcroft et al. [8].)

Table 19.2 Summary of age related changes in tissues during healing

Tissue Changes with aging

Skin Enhanced platelet aggregation
Decreased/delayed inflammation
Delayed macrophage infiltration
Reduced vascularization
Reduced granulation tissue
Decreased collagen density/ production
Lower number of fibroblasts
Decreased cellular proliferation
Slower re-epithelialization

Mucosa Slower re-epithelialization
Myocardium Impaired angiogenesis

Increased matrix degradation
Bone Increased fragility

Less compressive stiffness
Increased mineralization and crystallinity
Decreased osteoprogenitor cells in the marrow

Lungs Decreased functional capacity
Decreased proteolytic activity
Increased collagen accumulation
Increased fibrosis

Vascular tissues Decreased angiogenesis
Decreased survival, migratory capacity and 

proliferative potential of endothelial 
progenitor cells

Endothelial cell dysfunction
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to be at the greatest risk for delayed wound closure in 
mucosal tissues.

Interestingly, women have been found to heal dermal 
wounds faster than men, but men have a healing advantage in 
oral mucosal tissues [39]. This highlights the importance of 
distinguishing between tissue types. Different tissues may 
undergo similar steps in healing, but the timelines of these 
steps and the influence of modulating factors, can differ 
greatly. For instance, stress delays healing in both types of 

tissues, but appears to do so by reducing inflammation in 
dermal tissues and increasing inflammation in mucosal 
tissues (unpublished observations).

Wound Healing, Menopause and Hormones

Estrogen reduction following menopause has been associ-
ated with dryness, atrophy, wrinkling, laxity, and poor heal-
ing of the skin [40]. The strength and elasticity of the skin are 
both reduced due to collagen loss and reduced capillary 
blood flow [41–44].

Delayed dermal wound healing has been well documented 
in postmenopausal women [44]. Healing in these women is 
characterized by increases in neutrophil flux and protease 
production, decreased phagocytosis, and excessive inflam-
mation [42]. This results in delayed re-epithelialization, 
reduced collagen deposition and slower healing [44]. In ani-
mal studies, ovariectomized mice heal slower than sham 
operated controls, and exhibit similar healing deficits to 
those listed above for postmenopausal women [42, 45]. 
Moreover, these deficits are reversed with estrogen replace-
ment [45].

Interestingly, topical estrogen treatment has been shown 
to improve the healing of excisional dermal wounds in both 
elderly men and women (mean ages >70 years) [46]. 
Specifically, estrogen treatment reduced wound sizes at day 7, 
increased collagen content at days 7 and 80, and increased 
wound strength at day 80. A decrease was also noted in neu-
trophil numbers, with an associated reduction in elastase 
which may explain the higher observed collagen content [46].

Using the same model of mucosal wound healing as 
previously described, Engeland et al. [47] identified a small 
subset of women who were over 50 years old but still pre-
menopausal. The healing patterns of these older premeno-
pausal women were identical to those of young women. 
Furthermore, these women had faster wound closure when 
compared to postmenopausal women of the same age 
(Fig. 19.5). This suggests that aging does not negatively 
affect wound healing until menopause begins. The delayed 
healing observed after menopause might be explained by the 
well-established drop in estrogen levels at this point of time, 
as estrogen appears beneficial to wound closure rates [40, 
46–48]. In support of this notion, postmenopausal women 
taking hormone replacement therapy (HRT) exhibited a trend 
for faster wound closure than postmenopausal women of a 
similar age not taking HRT (Fig. 19.6).

The current literature suggests that age-impaired wound 
healing in women begins at 35–40 years of age. This conclu-
sion is derived from studies of dermal tissues, which are more 
vulnerable to factors of extrinsic aging (e.g., UV damage) 
than mucosal tissues. Although morphological changes 
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caused by such factors may affect healing rates, the findings 
from Engeland et al. [39] suggest that the underlying wound 
healing mechanism in women remains intact until meno-
pause. Moreover, age may not be a substantial risk factor for 
delayed wound closure in women until this point of time of a 
woman’s life is reached.

The role of estrogen in wound healing is complicated, and 
not fully understood but overall estrogen appears to acceler-
ate wound healing (for review see [40]). HRT in women 
appears beneficial to wound healing rates in different tissue 
types [44, 47, 49], and studies with ovariectomized animals 
with HRT support the notion that menopause delays and 
estrogen benefits dermal wound healing [42, 45].

In men higher testosterone levels relate to slower healing 
of various tissues [47], and castrating male mice has been 
shown to speed dermal wound healing [50]. Testosterone in 
general appears to have an inhibitory effect on both immu-
nity and tissue repair, to the point that being an elderly male 
is considered a risk factor for delayed dermal healing (for 
recent reviews see [51, 52]).

Scar Formation and Aging

Paradoxically, following cutaneous surgery, older individu-
als exhibit less scarring than young adults. In older patients 
incision lines are less red, the scar is less hypertrophic, and a 
“normalization” of appearance of the tissue occurs more 
quickly [17].

Similarly, in aged mice, an improved quality of scarring 
has been reported both microscopically and macroscopically. 
This has been associated with reduced levels of transforming 
growth factor (TGF)-b1 (beta) and a late increase in TGF-b3 
[44, 53]. Interestingly, fetal healing, which occurs with little 
or no inflammation, and without scarring, has reduced levels 
of TGF-b1 and TGF-b2 isoforms and elevated levels of 
TGF-b3 [54]. Moreover, applying TGF-b3, or antibodies to 
TGF-b1 and TGF-b2, to wounds in rodents reduces scar for-
mation [28]. Moreover, the use of HRT in older adults leads 
to a scarring profile similar to that of young adults [44]. 
Intriguingly, this TGF-b profile (e.g., the TGF-b1/TGF-b3 
ratio) may determine the reduced degree of scarring which 
occurs in the elderly.

Other mechanistic possibilities for reduced scar forma-
tion in the elderly exist. For instance, a decreased prolifera-
tive response during the later stages of healing may explain 
the reduced scar formation commonly observed in the elderly 
[55]. Another possibility stems from the fact that older indi-
viduals, especially women, release more elastin and fibrillin 
during wound healing [20] which may reduce scar forma-
tion. Further exploration of these mechanisms, which may 
overlap, is obviously needed.

Myocardial Tissue Healing

Healing of the myocardium has unique characteristics that 
differentiate it from cutaneous wound healing. More than in 
cutaneous healing, the need for functional recovery in the 
myocardial tissue determines the quality of healing. This is 
significant, since the loss of functionality of the myocardium 
is a major contributor to heart failure following myocardial 
infarction (MI).

A number of factors such as reperfusion, age [56, 57], 
estrogen [58, 59], endothelin [60, 61], nitric oxide [62, 63], 

Fig. 19.5 Older women who were premenopausal (50–54 years; n = 6) 
showed a pattern of healing similar to that of young women (n = 160) 
and dissimilar to that of age-matched (50–55 years) postmenopausal 
women not taking HRT (n = 13). This suggests that age is not a negative 
factor on wound healing in women until menopause begins. * P < 0.05, 
# P < 0.10 Error bars represent SEM (reprinted from Engeland et al. 
[47], with permission from Elsevier)
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cytokines [64], TGF-b [65], leukocytes [66], and drugs [67, 68] 
have been identified as modulators of myocardial healing. 
Overall, however, the field of myocardial tissue healing is 
less understood than cutaneous healing.

The cardiac wound, caused mostly due to inadequacies in 
tissue perfusion, develops in a relatively short duration of 
time during the ischemic event, and tends to remain isch-
emic unless reperfused. Rhythmic cardiac contractions can 
further complicate myocardial healing. The healing process 
after MI involves four distinguishable phases (reviewed by 
[69]): cardiomyocyte death, inflammation, formation and 
remodeling of the granulation tissue, and scar formation.

The death of cardiomyocytes after occlusion of the coro-
nary artery may occur due to cellular apoptosis or necrosis. 
While apoptosis occurs as early as 6 h after MI, the inability 
of the neighboring cells to phagocytose the apoptotic cells 
and their contents may result in necrosis, which happens 
typically around 12 h to 4 days after infarct formation. The 
cellular contents released from these cells (i.e., serum glu-
tamine-oxaloacetic transaminase, creatine kinase, troponin 
T, etc.) can be detected in the general circulation and are 
often used as early markers of MI. The release of proinflam-
matory cytokines and the activation of the compliment sys-
tem mark inflammation after MI. Characteristic of this 
phase, cellular inflammatory mediators arrive at the site to 
clear cellular debris.

The formation of granulation tissue is characterized by 
the deposition of extracellular matrix components and 
neovascularization. During this stage of healing, the deg-
radation of certain matrix components also occurs, to 
enable cellular proliferation and migration into the healing 
tissue. In the healing myocardium the contractile rhythmic 
stretching of the cardiac tissue influences the remodeling 
of the granulation tissue and scar formation after MI. 
Under these influences there appears to be a persistence  
of cardiac myofibroblasts, while there is a generalized 
decrease in cellularity by apoptosis during remodeling of 
the ischemic scar. Importantly, the collagen that was depos-
ited during the earlier phases of healing tends to become 
completely cross-linked, offering maximal tensile strength 
to the healing tissue.

Among the various factors associated with myocardial 
infarcts, age appears to affect both the incidence of MI, and 
the mortality associated with MI. About 50% of the individu-
als admitted to hospitals for MI, and 80% of the mortality 
associated with MI, involve patients 65 years or older. These 
age-related associations appear to be independent of infarct 
size [56]. As previously discussed, a number of age-related 
changes influence healing. These changes, including altered 
inflammatory responses, dysregulated angiogenic pathways, 
and increased matrix degradation [9] make older individuals 
more susceptible to damage from MI and diminish their 
potential for recovery.

Age has been shown to differentially affect mortality rates 
in women after MI. Young women who survived hospitaliza-
tion for MI have a higher mortality rate compared to men. 
This difference was not observed in older women [70]. This 
may be related to circulating estrogen levels, as the initiation 
of HRT after MI has been associated with a greater risk for 
future cardiac events [71].

Bone Repair and Aging

Aging influences bone healing by increasing the chances of 
both nonunion and delayed healing. While age and mechani-
cal fixation have significant influences over the healing of 
fixated fractures, age appears to have the greater influence 
among the two [72]. As determined by skeletal fragility, the 
quality of bone decreases with advancing age. While fatigue 
loading on younger bone inflicts more diffuse damage, older 
bone suffers microcracks and loses tissue stiffness associated 
with compression. Such age-related changes may contribute 
to greater fragility of the bone in older individuals [73]. 
Increased fragility increases susceptibility for fracture. 
Additionally, increasing mineralization, crystallinity, and 
type-b carbonate substitution is associated with decreased 
elasticity of bone with advancing age [74]. Along with age-
associated resorptive changes in bone, these factors can 
increase the risk of fracture in older individuals. Healing of 
fractured bone may also be impaired with increasing age, 
due to the decrease in osteoprogenitor cells in the marrow of 
older bone [75]. Overall, there is a considerable increase in 
susceptibility for fractures and delayed fracture healing asso-
ciated with older age [76].

Lung Fibrosis and Aging

Age associated fibrosis of the lung tissues along with terminal 
airway closure decrease lung function. Hence, the functional 
capacity of the lungs decreases with age [77]. Other phys-
iochemical changes associated with aging are known to alter 
the healing potential of the lung with advancing age. Aging 
rats showed decreased proteolytic activity of MMPs associ-
ated with collagen accumulation in the lung [78]. During 
healing, extracellular matrix components are laid down in 
response to injury [79]. An increased deposition of the extra-
cellular matrix or decreased degradation may be associated 
with age related fibrosis of the lungs. With increasing age, 
the senescence of the lung epithelial cells, altered regulation 
of oxidative stress, and changes in matrix composition con-
tribute to an increased susceptibility of the lung to fibrosis 
following injury.
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Angiogenesis and Tissue Oxygenation

Of an estimated 80 million adult Americans who have one 
or more types of cardiovascular disease, over 38 million are 
estimated to be 60 years of age or older [80]. Endothelial 
dysfunction is a key event in atherosclerotic plaque forma-
tion, which can be attributed to the majority of cardiovascu-
lar disease states. When elderly individuals with clinical 
atherosclerotic vascular disease were compared with healthy 
elderly controls and healthy young controls it is seen  
that age alone, independent of other cardiac risk factors or 
clinically observed atherosclerosis, is associated with 
endothelial cell dysfunction [81]. Mechanistically, the 
endothelial dysfunction translates to impairment in vasodi-
latation in response to stimuli. In individuals aged 70 years 
and older, atrial microvessels had a blunted vascular 
endothelial growth factor (VEGF)-mediated microvascular 
dilation in comparison to individuals under 70 years of age 
[82]. The endothelial progenitor cells maintain vascular 
homeostasis by contributing to regeneration and repair of 
the vessel wall. In the elderly, endothelial progenitor cells 
were found to be dysfunctional and exhibited lower sur-
vival rates, poorer migratory capacity, and lower prolifera-
tive potential [83].

Angiogenesis is a key component of wound healing. 
Decreased angiogenesis, along with a poor vasodilatory 
response, can make wounds hypoxic and delay healing. The 
effects of age and ischemia are additive in the impairment of 
healing [84]. Hence, it is not surprising that most chronic 
wounds are seen in the elderly, with these wounds character-
ized by impaired blood supply and tissue hypoxia. Restoration 
of adequate blood supply and tissue oxygenation is essential 
for optimal healing in the elderly.

Clinical Implications

It remains unclear to what degree intrinsic aging impacts 
wound healing. Few human studies have controlled for 
 confounding factors such as comorbidity and medication 
use, and factors of extrinsic aging such as cumulative UV 
exposure likely drive many of the reported findings of age-
impaired healing.

Results from mucosal wound healing studies which con-
trolled for medication use and comorbidity, and are not sub-
ject to cumulative UV effects, found significantly slower 
wound closure in men over 50 years of age, and in postmeno-
pausal women [39, 47]. Given these findings, and that vital 
aspects of both skin morphology and immune function are 
altered in the elderly, it is almost certain that aging per se 
impedes some aspects of wound healing (Table 19.3).

The question still remains: Is the degree of impediment 
which occurs clinically relevant? It is important to note that 
even if wounds close more slowly in the elderly, healing is 
essentially normal [19]. New events in healing do not occur, 
expected events are not absent [32], and the end result is 
often similar to that of young adults [19]. Moreover, wounds 
often heal with better esthetics (less scarring) in the aged [17].

The infrequency of wound complications which occur in 
the elderly, despite delays in wound closure, speaks of the 
reserve strength found in unwounded skin [7]. Not surpris-
ingly, tissue healing occurs in an overabundant manner. For 
example, during wound repair, excessive vascularization 
occurs, and more granulation tissue is created than is needed. 
After wound closure, this excessive vascularization recedes, 
and remodeling of the underlying matrix occurs. Even in 
unwounded skin, the vascularization which exists is about 10 
times the amount required for basic nutritional support of the 
tissue [17]. Thus, our healing capacity is far in excess of 
what is needed [32]. As a result, surgical operations are rou-
tinely and safely performed in elderly patients with normal, 
albeit slightly slower, recovery times. To date, the contribu-
tion of age alone has not been shown to clinically impair 
wound healing.

Importantly, the major increased risk to aged individuals 
undergoing surgery pertains to other medical complications 
that affect healing [7]. In addition, the effects of age are 
interactive with other risk factors for impaired immunity and 
delayed healing [31, 39]. The risk factors for delayed healing 
are numerous and include concomitant medical conditions 
(e.g., diabetes) [2, 85], medication use [19], stress (for recent 
review see [86]), depression [87], gender (the direction of 
this disparity varies by tissue type) [39], obesity [88], smoking 
[89], alcohol [90], nutrition [91, 92], immobility [88], etc.

The presence of any of these risk factors in aged 
 individuals prior to surgery should serve as a red flag to the 

Table 19.3 Clinical implications of age related tissue changes

Tissue Changes with aging

Skin Delayed healing
Increased dehiscence
Reduced tensile strength while healing
Increased rates of infection
Reduced skin elasticity
Decreased scarring

Mucosa Delayed healing
Myocardium Greater damage from MI

Increased mortality associated with MI
Bone Increased susceptibility to fracture

Impaired healing
Lungs Decreased functional capacity

Increased fibrosis
Vascular tissues Decreased angiogenesis

Decreased neovascularization
Increased tissue hypoxia
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clinician, and these patients should be given more  aggressive 
postsurgical attention. Importantly, in the presence of such 
risk factors, medical complications not associated with tis-
sue healing are more likely to occur in the elderly [7]. The 
clinician should take whatever steps necessary to minimize 
these risks prior to surgery.

The provision of patient education, massage therapy, or 
relaxation techniques have all been shown to reduce anxiety 
in surgical patients and improve clinical outcomes [93–95]. 
This is of particular importance in the elderly who may 
already have compromised immunity and slower wound 
healing than younger adults.

The Mini-Nutritional Assessment (MNA) is a good diag-
nostic tool for identifying nutritional deficits in elderly 
patients. It was recently reported that total lymphocyte count 
and MNA scores were lower in patients with delayed wound 
healing. Moreover, both scores were found to have value in 
predicting which patients would experience delays in wound 
healing [92].

Medications which have been shown to inhibit wound 
healing include anticoagulants, aspirin, phenylbutazone, 
colchicines, penicillamine and cyclosporine [19]. Corticos-
teroids can interfere with dermal wound healing at multiple 
levels, although the effect of a single bolus on mucosal heal-
ing (e.g., dental surgery) does not negatively affect wound 
closure (unpublished observations).

To sum, prior to undergoing surgery, any existing risk fac-
tors for delayed healing should be stringently sought out in 
the elderly. Diseases negatively impact wound healing in the 
elderly more than in young adults, and pre-existing medical 
conditions should be treated vigorously prior to surgery to 
allow for maximal healing [5]. Elderly patients with con-
comitant risk factors (e.g., diabetes, malnutrition, stress) 
have a greater susceptibility to chronic infection [19]. Each 
of these factors should be tested for, monitored, and treated 
accordingly. It is important to understand that all of these 
factors occur more commonly in the elderly, and are likely to 
exacerbate healing.
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Abstract There are multiple changes that occur to the 
respiratory system with aging. In the absence of significant 
disease, the majority of such changes do not result in any 
significant impact on lung health. However, such changes do 
affect physiologic testing and susceptibility to environmen-
tal insults which are essential to understand in the context of 
the patient being considered for thoracic surgery. Normal 
physiologic changes to the chest wall and supporting struc-
tures, airway and lung compliance, alveolar surface area, and 
pulmonary vasculature all result in a reduction in lung func-
tion and may also be associated with reduced exercise capac-
ity. Gas transfer in elderly patients is less efficient than those 
who are younger, but this seldom is clinically significant. 
Elderly patients are also more susceptible to infection and a 
higher mortality associated with such infections due to alter-
ations in host defense mechanisms and the frequency of 
comorbid conditions.

Keywords Aging • Elderly • Lung function • Compliance  
• Resistance • Small airways • Senile emphysema • Kyphosis 
• Respiratory muscles • Spirometry • Vital capacity • Total 
lung capacity • Residual volume • Closing volume • Diffusing 
capacity • Maximum oxygen consumption • Host defense  
• Pneumonia

In 1977, Fletcher and Peto published landmark work which 
documented that, after attaining peak lung function around 
age 25, normal aging is associated with loss of lung function 
[1]. Among non-smokers as well as the majority of smokers, 
this loss of lung function is not actually associated with the 
development of obstructive lung disease or significant 
impairments in gas exchange, and the respiratory system 
remains capable of carrying out required physiologic functions. 
Understanding the physiologic changes associated with normal 
aging, nonetheless, is important within the interpretation of 

diagnostic testing of lung function. In addition, senescent 
changes that alter lung host defense may result in increased 
susceptibility to lung infections.

Structural and Functional Changes  
of the Respiratory System Associated  
with Normal Aging

Changes in Chest Wall Mechanics  
and Respiratory Muscle Performance

Increasing age is associated with substantial decreases in 
chest wall compliance in both the upper and lower thoracic 
cavity. In a study of 24–75 year olds, the reduction of chest 
wall compliance associated with aging was 31% [2]. A vari-
ety of factors contribute to reduced chest wall compliance 
with aging. Changes in the shape of the thoracic cage which 
occur in association with aging include dorsal kyphosis and 
increased anterior–posterior diameter (the so-called barrel 
chest) which may result from vertebral compression frac-
tures. Such findings have been documented with significant 
frequency in individuals between ages 75 and 93. In a study 
of 100 chest radiographs in individuals from this age group, 
68 had at least moderate kyphosis in the context of vertebral 
compression fractures [3]. In the same series, calcification at 
the chondrosternal junctions and degenerative joint disease 
in the spine were observed frequently and offer additional 
explanations for reduced chest wall compliance [3].

The altered configuration of the chest wall seen with aging 
has consequences on respiratory muscle function. Increased 
anterior–posterior chest diameter and kyphosis collectively 
lead to worsened diaphragmatic performance [4]. The dia-
phragm performs optimally with its natural domed configu-
ration during relaxation and any physical alteration which 
results in “flattening” at rest results in impaired excursion 
during inspiration. The contractile properties of the dia-
phragm itself are also altered with aging. The diaphragmatic 
pressure generated during a maximal sniff was observed to 
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13% less in 67–81 year olds compared with 21–40 year olds, 
and 23% less during bilateral magnetic stimulation of the 
phrenic nerves [5].

The major respiratory muscles other than the diaphragm 
are skeletal muscle and skeletal muscle strength decreases 
with age [6]. Overall strength in the respiratory system is 
often evaluated via measurement of maximal inspiratory 
pressure (MIP) which is the pressure at the mouth against a 
closed valve with maximum inspiration and maximum expi-
ratory pressure (MEP) which is similarly measured during 
expiration. Notably, MIP incorporates both diaphragmatic 
and other respiratory muscle strength into a composite mea-
sure and is highly correlated with peripheral muscle strength 
determined by handgrip [7]. In a study of 504 healthy indi-
viduals between ages 18 and 82, age was inversely correlated 
with MIP (r = −0.24) [8]. Another correlate of impaired 
respiratory muscle strength is impaired nutritional status, 
which is frequent among the elderly. Lean body mass and 
body weight were both correlated with both MIP and MEP 
[7]. Post-mortem analysis has documented that there is a cor-
relation between weight and diaphragmatic muscle mass [9]. 
Suggested mechanisms for loss of respiratory muscle strength 
with aging include decreased muscle mass as well as decrease 
number of fast-twitch (type II) muscle fibers, and alterna-
tions at the neuromuscular junction including denervation of 
fast-twitch muscle fibers [4]. Several of the potential chest 
wall changes that can occur with normal aging are depicted 
in Fig. 20.1.

Changes in the Airways and Lung Parenchyma

As a part of normal gaining, static elastic recoil pressure of 
the lung decreases. Peak elastic recoil pressure is achieved in 
the middle of the third decade of life, and then decreases at a 
rate of 0.1–0.2 cm H

2
O per year [10]. This has been attrib-

uted largely to the finding of “senile emphysema” which is 
an enlargement in the size of airspaces without actual destruc-
tion of alveolar walls (a critical distinction from “true” 
emphysema in which actual alveolar destruction is the prin-
cipal feature). The most compelling evidence for senile 
emphysema comes from human data which evaluated air-
space size in the context of age in never-smoking subjects 
21–93 years old utilizing 16 autopsy specimens and 22 surgi-
cal specimens. This study documented that surface area of 
airspace wall per unit of lung volume ratio (S/V) decreases 
over the lifespan [11]. The observation of decreased S/V 
ratio has been validated in the senescence accelerated murine 
model (SAM mice) In SAM mice, the alveolar ducts increase 
with aging in a homogenous fashion without alveolar wall 
destruction, and without cellular infiltration (another impor-
tant distinction from “true” emphysema) [4]. The mechanism 
underlying airspace enlargement with aging remains uncer-
tain. An age-associated increase in the ratio of elastin to  
collagen has been observed in autopsy specimens from 
individuals who died of non-pulmonary causes [12], but the 
actual physiologic impact of this change is uncertain. This 
observation has not been confirmed in SAM mice, although 

Fig.  20.1 This posteroanterior and lateral chest radiograph from an 
86-year-old woman without overt lung disease reveals several changes to the 
chest wall that can be apparent in the elderly. Notably, disk spaces are 
reduced indicating likely vertebral compression fractures. In addition, the 

inspiratory effort is poor which likely is a manifestation of some form of 
neuromuscular weakness. There is dorsal kyphosis which leads to a barrel 
configuration of the chest. Finally both hemidiaphragms have a relatively flat 
appearance compared to what may be seen in individuals of younger age
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the elastic fibers from lungs of SAM mice do have reduced 
recoil pressures [13].

Loss of elasticity and enlargement of the airspaces has an 
impact on the adjacent small airways (<2 mm diameter airways 
or terminal bronchioles). Typically terminal bronchioles are 
“tethered” open by adjacent airspaces which, when enlarged, 
provide a less robust surrounding support matrix. This fosters a 
tendency to collapse among the terminal bronchioles which 
likely results in premature airway closure. In addition, the diam-
eter of bronchioles peaks in the fourth decade of life and then 
begins to decline [14]. The combined effects of lost elasticity of 
the lung parenchyma and a tendency of terminal bronchioles to 
collapse result in an increase in resting lung volumes and dimin-
ished flow during forced expiratory maneuvers (see below). 
The net result of lung parenchyma and chest wall changes with 
normal aging is a shift of the static pressure–volume curve of 
the respiratory system up and leftward, indicating increased 
lung volumes at any given pressure (Fig. 20.2).

Changes in Gas Exchange and Ventilation

The major function of the lung is gas exchange, and it is 
generally accepted that the alveolar-arterial oxygen gradient 
widens with aging. The changes in gas exchange with aging 

is potentially attributable to several processes including 
changes in alveolar structure and surface area, change in the 
pulmonary vasculature, changes in distribution of blood 
flow, and changes which are a consequence of alterations to 
the mechanical properties of the lung. Due to the significant 
amount of reserve acquired throughout the developing years, 
gas exchange is not meaningfully impacted by loss of  
alveolar surface area as a normal consequence of aging. 
Throughout adolescence, the lungs develop an alveolar sur-
face area that is capable of maintaining efficient and effec-
tive gas exchange well into adult life. The total reduction in 
alveolar surface area from 20 to 70 years of age is only 20% 
(75–60 m2) [15].

Established reference values for arterial blood gases are 
primarily derived from studies of the normal, healthy 
young adult. Extrapolation of these values for patients in 
elderly populations may prove inaccurate. Multiple studies 
have been performed to investigate the normal age-related 
changes in arterial blood gas measurements, of which most 
have failed to demonstrate a clinically significant age-
related reduction in PaO

2
 in the healthy adult despite the 

increased alveolar-arterial gradient. In addition, the major-
ity of investigations directed toward the normal effects of 
aging on oxygenation infrequently exclude populations of 
patients with coexisting morbid conditions [16, 17], mak-
ing isolation of the effects of normal aging difficult. 
Arterial carbon dioxide content, specifically in the absence 
of significant cardiopulmonary disease, has not been docu-
mented to undergo any significant age-related changes 
throughout life.

Changes in the Pulmonary Vasculature

Effects of aging on the pulmonary vasculature result from 
the age-dependent effects of vascular remodeling and the 
consequential reduction in pulmonary vascular compli-
ance (or increase in pulmonary vascular resistance). The 
precise mechanisms responsible for the changes that occur 
in the pulmonary vascular as a normal result of aging are 
less well defined in the literature and limited to knowledge 
gained from investigation in animal models. Studies per-
formed in human populations are limited to those investi-
gating cardiovascular and pulmonary diseases instead of 
the normal effects of aging with few exceptions. Information 
derived from a population-based study, the Rochester 
Epidemiology Project, randomly sampled a general popu-
lation of 2,042 patients, mean age of 63, and performed 
assessments of pulmonary artery systolic pressures by 
echocardiography and followed the changes in pulmonary 
pressures throughout a duration of 9 years [18]. The stud-
ies demonstrated an age-related increase in pulmonary 

Fig. 20.2 Normal aging results in a shift of the pressure volume curve 
up and leftward indicating that at any given pressure, lung volumes are 
increased. The volume of gas in the lung at rest occurs at functional 
residual capacity (FRC) where the transthoracic pressure is 0 owing to 
equal and opposite forces between the lung’s tendency to collapse (elas-
tic recoil pressure) and the chest wall’s tendency to expand. With aging, 
lung compliance decreases (less elastic recoil pressure). This results in 
an increase in FRC as well as residual volume (RV) as the forces of 
increased chest wall resistance do not predominate at lower lung vol-
umes. At higher lung volumes, the reduction in chest wall compliance 
is likely offset by the increase in lung compliance, and thus, TLC 
remains constant with normal aging
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artery pressures independent of elevated left-sided filling 
pressures. The presence of an increased systolic pulmo-
nary artery systolic pressure was associated with a higher 
mortality independent of concurrent cardiopulmonary dis-
ease (i.e., heart failure, coronary artery disease, hyperten-
sion, and chronic obstructive pulmonary disease, and 
COPD). This finding is consistent with that of earlier stud-
ies investigating the normal effects of aging on the pulmo-
nary vasculature [19].

Physiologic Manifestation of Normal Aging 
in the Lung on Diagnostic Testing

Review of Parameters Obtained in Pulmonary 
Function Testing

A variety of measurements are made with forced spirome-
try. The forced vital capacity (FVC) is the maximum amount 
of air exhaled with a maximal forced effort from total lung 
capacity (TLC). The forced expiratory volume in 1 s (FEV

1
) 

is the maximal volume of air exhaled in the first second of 
the FVC maneuver. The mean forced expiratory flow 
between 25 and 75% of the FVC (FEF

25–75%
), also termed 

the maximum mid-expiratory flow, provides a measure-
ment of expiratory flow during the middle phase of the 
FVC maneuver and provides a measure of small airways 
obstruction albeit an inconsistent and non-specific one in 
individual patients [20, 21]. The FEV

1
/FVC ratio can be 

calculated from the above data and, when low, serves as 
one of the defining features of obstructive airways disease. 
A flow–volume loop is also constructed as a part of forced 
spirometry and when analyzed visually can reinforce the 
presence of airflow obstruction, provide an early indication 
of airflow obstruction when the FEV

1
/FVC ratio is not yet 

reduced, and provide information regarding extrathoracic 
(upper airway) obstruction. Graphic depictions of informa-
tion garnered through forced spirometry in the form of a 
volume––time curve and flow–volume loop are illustrated 
in Fig. 20.3.

Absolute lung volumes that are measured with pulmonary 
function testing include residual volume (RV), the volume of 
gas that remains in the lung after a complete expiration, 
functional residual capacity (FRC), the volume of gas 
remaining in the lungs after exhaling a normal tidal breath, 
and TLC, the maximal amount of gas in the lungs after maxi-
mal inspiration (Fig. 20.4). Lung volumes are typically mea-
sured by either plethysmographic or gas dilution or washout 
methods. Body plethesymography is considered the optimal 
method as both ventilated and non-ventilated lung volumes 
are  measured [22].

Changes in Forced Spirometry Associated  
with Normal Aging

FEV
1
 and FVC increase into the third decade of life. Lung 

function then appears to plateau for some period of time until 
a slow decline in FEV

1
 commences for the duration of the 

lifespan [4]. The exact timing of when this decline in lung 
function occurs in the absence of smoking and other environ-
mental exposures is uncertain. Historically, this decline was 
thought to commence in the mid-20s, but more recent assess-
ments which evaluate the effects of smoking and other expo-
sures indicate that the plateau in lung function may persist 
until the mid-30s [23, 24]. The decrease in lung function 
accelerates with advanced aging with a steady increase in the 
annual rate of loss of FEV

1
 [25].

According to the global initiative for obstructive lung 
disease (GOLD) criteria, a diagnosis of COPD is made 
when the FEV

1
/FVC ratio is less than or equal to 0.70 [26]. 

This may, however, result in overdiagnosis of COPD. 
According to reference equations published exclusively  
in a population of healthy, adult, non-smokers from the 
Cardiovascular Health Study, the FEV

1
/FVC ratio is 

 normally below 0.70 in men 80 years and older and 
women 92 years and older [27]. Because of the risk of over-
diagnosis, some have advocated that COPD be diagnosed, 
particularly in the elderly, based on age- and population-
appropriate reference equations which identify a “lower 
limit of normal” for the FEV

1
/FVC ratio to prevent misclas-

sification of spirometric findings of normal aging as clinical 
COPD [28–30].

Changes in Lung Volumes Associated  
with Normal Aging

As outlined above, the elastic recoil pressure of the lung 
decreases with advanced age, while the chest wall creates 
increased elastic load. These two concurrent processes 
appear to counteract each other such that TLC is preserved 
throughout the normal aging process [31]. Loss of lung elas-
tic recoil pressure combined with reduction in respiratory 
muscle function and performance results in increased RV in 
aged individuals. In fact, RV increases by up to 50% over the 
lifespan and is accompanied by a reduction of 75% in vital 
capacity (VC) [32]. Normal aging also results in individuals 
also breathing at higher lung volumes owing largely to the 
effects of decreased reduced lung parenchymal recoil pres-
sure at lung volumes where the effects of poor chest wall 
compliance do not predominate resulting in increases in 
function residual capacity (FRC) [32]. Closing volume 
increases with normal aging probably due to loss of the 
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 alveolar support structure surrounding small airways. The 
increase in closing volume may partially explain the increase 
in alveolar-arterial oxygen gradient observed with normal 
aging which was described above: when closing volume 
exceeds FRC (which likely occurs between ages 45 and 65), 
tidal breathing occurs without significant portions of the lung 
contributing to ventilation. This results in ventilation–perfu-
sion mismatch (in this case an increase in low V/Q lung 
zones), although direct measurement of ventilation–perfu-
sion relationships has not documented that such increases 
are clinically significant [33].

Changes in Measurements of Gas Transfer 
Associated with Normal Aging

Several of the changes described earlier in this chapter 
result in reduction in alveolar gas transfer including loss of 
alveolar surface area, increased pulmonary vascular resis-
tance and resultant reduction in capillary blood volume, 
and alterations of ventilation–perfusion relationships result 
in reduction in alveolar gas transfer. Diffusion capacity of 
carbon monoxide (D

L
CO) as measured in pulmonary func-

tion tests, therefore, decreases with normal aging, although 

Fig. 20.3 Stereotypical volume–time curve (top) and flow–volume 
loop (bottom) in a normal subject. In the volume–time curve, approxi-
mately 80% of volume is expired in the first second resulting in a normal 
forced expiratory volume in 1 s (FEV

1
)/FVC ratio of 0.80. The quality of 

the maneuver is documented by a volume plateau at the termination of 
the test after 6 s. After inspiration to total lung capacity (TLC), the 

expiratory limb of the flow–volume loop has a sharp increase in peak 
expiratory flow rate and then a smooth deceleration in flow over the 
entire expiration until complete at residual volume (RV). With normal 
aging, both the FEV

1
 and FVC decrease, although, because of loss of elas-

tic recoil pressure, the FEV
1
 decrease may be greater than that of FVC. 

This results in a reduction in the FEV
1
/FVC ratio with normal aging
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aging is not a significant contributor to pathologic reductions 
in this parameter.

Alterations in Exercise Capacity Associated 
with Normal Aging

Although there is no evidence that the normal changes in 
structure and function of the lung have a meaningful impact 
on normal daily activities, it is conceivable that during peri-
ods of increased physiologic demands (such as surgery), they 
may have a greater impact. The most precise measure avail-
able to determine exercise capacity is maximum oxygen 
consumption (VO

2 max
) although its measurement is heavily 

confounded by degree of fitness. Some attempts have been 
made to isolate these effects independent of aging. A study of 
individuals who were well-conditioned athletes all over the 
age of 62 determined performed VO

2
 
max

 measurements sepa-
rated by 6 years. Consistent with the expected findings the 
participants did not have significant changes in TLC or 
D

L
CO, but did have a reduction in FVC, FEV

1
 and an increase 

in RV. VO
2 max

 was reduced by 11% over the 6-year period 
with greater reductions in those who were older at the base-
line examination indicating that normal aging is associated, 
to some extent, with maximal exercise capacity [34]. The 
changes that occur with normal aging on diagnostic testing 
are summarized in Table 20.1.

Changes in Lung Host Defense Mechanisms 
Associated with Normal Aging and 
Vulnerability to Respiratory Infections

The risk of developing pulmonary infections is increased in 
elderly patients. The incidence of health care-associated 
pneumonia is higher in elderly populations and it increased 
in both institutionalized patients as well as those living at 
home. Alterations in immune function that occur with aging 
are likely contributors to this finding. The mortality associ-
ated with the development of pneumonia in patients of 
advanced age is also significantly higher than younger 
patients with rates approaching up to 40% [35]. There are 
multiple factors responsible for the higher mortality of pneu-
monia in the elderly including the absence of usual signs and 
symptoms resulting in a delay in diagnosis as well as the 
frequent presence of multiple comorbid conditions which 
complicate the presentation and management of these infec-
tions (i.e., swallowing dysfunction, depressed levels of alert-
ness, and cardiac disease). In addition, there are changes in 
the immune response to infection that result diminished 
defense mechanisms against infection. While cellular mech-
anisms of immunity are not felt to be quantitatively affected 
by advanced age, it is thought that there is a qualitative defect 
in humoral defense mechanisms, particularly with respect to 
adaptive immunity, that likely play a role in creating greater 
susceptibility to infection [36]. Other factors that may con-
tribute to the increased incidence of pneumonia in the elderly 
include but are not limited to frequent prior courses of anti-
biotics leading to the emergence of resistant pathogens, 
alterations in nutritional status, frequent use immunosup-
pressive therapies such as corticosteroids, and waning 
humoral and cell-mediated immunity to vaccinations to 
influenza and pneumococcal pneumonia. Postural and struc-
tural changes to the airways and contour of the chest, nor-
mally associated with aging, such as the aforementioned 
kyphosis, costovertebral and rib cartilage calcifications, and 
vertebral compression fractures also may disrupt effective-
ness of cough and other bronchial clearance regimens.

Fig. 20.4 Tidal volume (V
T
): The volume air inhaled and exhaled with 

normal breathing; functional residual capacity (FRC): the volume of 
gas remaining in the lung after exhaling a normal tidal breath; residual 
volume (RV): the volume of gas that remains in the lung after a com-
plete expiration; total lung capacity (TLC): the volume of gas in the 
lung after maximal inspiration; vital capacity (VC): the difference 
between TLC and RV, or the maximum volume of air available to be 
exchanged by the lung

Table 20.1 Manifestations of normal aging on pulmonary diagnostic 
testing

Vital capacity (VC) Decreased
Forced expiratory volume in 1 s (FEV

1
) Decreased

FEV
1
/VC Decreased

Total lung capacity (TLC) Unchanged
Functional residual capacity Increased
Residual volume Increased
Diffusion capacity of carbon monoxide (D

L
CO) Decreased

Maximal oxygen consumption (VO
2 max

) Decreased
Alveolar-arterial (A–a) oxygen gradient Increased
Pulmonary arterial systolic pressure Increased
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Abstract Cardiovascular function in elderly persons is 
 significantly affected by the aging process itself and by those 
acquired diseases of the cardiovascular system that are more 
prevalent with age. Some of the cardiovascular disorders that 
are more prevalent in elderly persons include hypertension, 
left ventricular hypertrophy, left atrial enlargement, abnor-
mal LVEF, atrial fibrillation, CHF (especially with a normal 
LVEF), coronary artery disease, ischemic and thromboem-
bolic stroke, peripheral arterial disease, extracranial carotid 
arterial disease, aortic stenosis, aortic regurgitation, mitral 
regurgitation, mitral annular calcium, hypertrophic cardio-
myopathy, and pacemaker rhythm. These physiologic and 
pathologic changes of the aging cardiovascular system must 
be taken into consideration during the clinical assessment 
and management of elderly patients who need to undergo 
surgical procedures and general anesthesia.

Keywords Cardiovascular aging • Vascular stiffness  
• Left ventricular ejection fraction • Congestive heart failure 
• Atrial fibrillation • Coronary artery disease • Stroke  
• Peripheral arterial disease • Aortic valvular disease • Mitral 
valvular disease • Conduction defects

Age-related changes in the cardiovascular system, overt 
and occult cardiovascular disease, and reduced physical 
activity affect cardiovascular function in the elderly. With 
aging, there is a loss of myocytes in both the left and right 
ventricles with a progressive increase in myocyte cell vol-
ume per nucleus in both ventricles [1], and an inability to 
regenerate new myocytes [2]. There is also a progressive 
reduction in the number of pacemaker cells in the sinus 
node, with only 10% of the number of cells present at age 
20 remaining at age 75 [3]. Wall thickening and dilatation 
are structural changes that occur within large elastic arter-
ies  during aging [4].

Afterload

Resistance to the ejection of blood by the left ventricle is 
called afterload. There are two components to afterload: 
peripheral vascular resistance and characteristic aortic 
impedance. Peripheral vascular resistance is the steady-state 
component and provides opposition to steady blood flow. 
Characteristic aortic impedance is the dynamic component 
and opposes pulsatile blood flow. Peripheral vascular resis-
tance is measured by dividing the mean arterial pressure by 
the cardiac output; it is inversely proportional to the cross-
sectional area of the peripheral vascular beds. Characteristic 
aortic impedance is measured as the time variation in mean 
arterial pressure/flow through the aorta; it is inversely pro-
portional to the arterial compliance (the distensibility of the 
arterial wall). An indirect measurement of afterload is the 
pulse wave velocity, which measures the propagation speed 
of pressure waves traveling from proximal to distal arterial 
segments; it increases as arteries become less compliant.

With aging, the large elastic arteries become dilated with 
a reduction in compliance [5]. Progressive thickening of the 
aortic media and intima are associated with aortic enlarge-
ment [6]. There is an age-associated increase in arterial stiff-
ness resulting from changes in the arterial media, such as 
thickening of the smooth muscle layers, increased fragmen-
tation of elastin, an increase in the amount and characteris-
tics of collagen, and increased calcification [7]. These 
structural changes are associated with a reduction in aortic 
distensibility due to increased aortic stiffness with an increase 
in pulse wave velocity [8]. The structural changes in the arte-
rial wall are independent of coexisting atherosclerosis. 
Avolio et al. [8] showed an increase in pulse wave velocity 
with age in farmers from Guanzhou Province in southern 
China despite a low prevalence of atherosclerosis in this pop-
ulation. The age-associated increase in stiffness and decrease 
in distensibility of large elastic arteries are not found in distal 
arteries [9].

The increase in arterial wall thickening and decrease in 
endothelial function with aging [10] are associated with an 
increase in arterial stiffness and a decrease in compliance. 
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Age-associated structural changes in the arterial media that 
increase vascular stiffness include increased collagen con-
tent, covalent cross-linking of the collagen, decreased elas-
tin content, elastin fracture, and calcification (Table 21.1) 
[11, 12].

Impedance spectral patterns have shown an age-related 
increase in characteristic aortic impedance and peripheral 
vascular resistance [13]. The reduction in arterial compli-
ance contributes more to the age-related increase in after-
load than does the loss of peripheral vascular beds [13]. 
Peripheral vascular resistance was not age related in healthy 
persons screened for occult coronary artery disease in the 
Baltimore Longitudinal Study of Aging [14], but increased 
with age in persons not screened for occult coronary artery 
disease [15]. Arterial stiffening appearing as an increase in 
pulse wave velocity is associated with degeneration of the 
vascular media independent of atherosclerosis. Arterial 
stiffening causes earlier occurrence of wave reflection from 
peripheral sites to the ascending aorta during left ventricular 
ejection. Therefore, aortic and carotid phasic pressures 
increase to a greater magnitude at a later time during left 
ventricular ejection, causing an increase in systolic and 
pulse pressures and a delayed peak in the aortic pressure 
pulse contour.

Circulating levels of catecholamines increase with age, 
especially with stress, although b-adrenergic vasodilation of 
vascular smooth muscle decreases [16]. a-Adrenergic vaso-
constriction of vascular smooth muscle does not change with 
age [17]. The impaired vasodilator response to b-adrenergic 
stimulation with age is most important during exercise and 
contributes to the increased afterload associated with aging.

Increased afterload causes an increase in blood pressure. 
With aging, there is an increase in systolic blood pressure and 
a widened pulse pressure. A slight decrease in diastolic blood 
pressure occurs after the sixth decade [18]. The increase in 
systolic blood pressure is due to interactions of aging, cardio-
vascular disease, and life style factors, such as dietary sodium 
intake, body weight, and level of physical activity. An age-
associated increase in the index of aortic stiffening was not 
found in normotensive persons on a low sodium chloride diet 
[19]. The increase in carotid augmentation index (an index of 
aortic stiffening) in highly trained elderly men was half of 
that expected on the basis of age alone [20]. The prevalence 
of abnormal aortic stiffness increases steeply in the community 

with advancing age, especially in the presence of diabetes 
mellitus and obesity [21].

As aortic compliance decreases with aging, the transfer of 
kinetic energy from the blood ejected during left ventricular 
systole to potential energy stored in the elasticity of the aor-
tic wall decreased. Consequently, return of the potential 
energy stored in the elasticity of the aortic wall back to the 
kinetic energy of blood flow during diastole also decreased. 
Therefore, the left ventricle must eject its stroke volume into 
a less compliant aorta with greater pressure and force to 
achieve adequate cardiac output. The increased pulse wave 
velocity also causes the pressure in the aorta to increase and 
peak later during systole, contributing to the increased sys-
tolic blood pressure and widened pulse pressure.

Posterior left ventricular wall thickness increased with 
increasing age in normotensive men and women screened for 
occult coronary artery disease in the Baltimore Longitudinal 
Study of Aging [5]. Data from persons in this study sug-
gested that the increase in left ventricular wall thickness 
associated with aging is mediated by an increase in systolic 
blood pressure [22]. Aging is also associated with an increase 
in the prevalence of hypertension and cardiovascular disease 
and, therefore, with the left ventricular hypertrophy seen by 
echocardiography.

Age-associated left ventricular hypertrophy is caused by 
an increase in the volume but not in the number of cardiac 
myocytes. Fibroblasts undergo hyperplasia, and collagen is 
deposited in the myocardial interstitium. Increased afterload 
results in an increase in left ventricular systolic stress and the 
addition of sarcomeres, in parallel, which causes increased 
left ventricular wall thickness with a normal or reduced left 
ventricular chamber size and an increased relative wall 
thickness.

In the Framingham Heart Study, echocardiographic left 
ventricular hypertrophy was observed in 33% of men and 
49% of women older than 70 years [23]. In our elderly popu-
lation, echocardiographic left ventricular hypertrophy was 
found in 226 of 554 men (41%) with a mean age of 80 and in 
539 of 1,243 women (43%) with a mean age of 82 [24].

In our elderly population systolic or diastolic hyperten-
sion was present in 255 of 664 men (38%) with a mean age 
of 80 and in 651 of 1,488 women (44%) with a mean age of 
82 [25]. In another study of our elderly population, systolic 
or diastolic hypertension occurred in 108 of 215 Blacks 
(50%) with a mean age of 81, in 411 of 1,140 Whites (36%) 
with a mean age of 82, and in 19 of 54 Hispanics (35%) with 
a mean age 81 [26]. Echocardiographically diagnosed left 
ventricular hypertrophy occurred in 66 of 92 hypertensive 
Blacks (72%), in 194 of 346 hypertensive Whites (56%), and 
in 8 of 15 hypertensive Hispanics (53%) [26]. However, it 
was observed in only 2 of our 88 elderly persons (2%) with-
out hypertension or overt cardiac disease [27].

Table 21.1 Age-associated structural changes 
in arterial media that increase vascular stiffness

Increased collagen content
Covalent cross-linking of collagen
Calcification
Decreased elastin content
Elastin fracture
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Regular aerobic endurance exercise attenuates age-related 
reductions in central arterial compliance and restores levels 
in previously sedentary healthy middle-aged and elderly 
men [28]. Regular aerobic endurance exercise also can 
 prevent the  age-associated loss in endothelium-dependent 
vasodilation and restore levels in previously sedentary 
 middle-aged and elderly healthy men [29]. These are mecha-
nisms by which regular aerobic endurance exercise contrib-
utes to a decreased risk of cardiovascular disease in the 
elderly [28, 29].

Preload

Preload is the filling volume of the left ventricle. Preload is 
determined by many factors that influence blood return to the 
heart and by the mechanical properties of the heart during 
diastolic filling of the left ventricle.

Resting left ventricular end-diastolic volume, measured 
by radionuclide ventriculography using multiple gated pool 
acquisition imaging or by echocardiography, is not age 
related in healthy persons, indicating that the resting preload 
does not change with age [5, 10, 14, 30]. Although resting 
preload does not change with age, left ventricular early dia-
stolic filling decreases with age.

Passive filling of the left ventricle occurs during the rapid 
filling and diastasis phases of early diastole. With age, left 
ventricular stiffness increased, left ventricular compliance 
decreased, left ventricular wall thickness increased, left ven-
tricular relaxation impaired, and left ventricular early dia-
stolic filling decreased. This may result in hypotension if 
preload is reduced. An age-related increase in systolic blood 
pressure also reduces left ventricular early diastolic filling, 
leading to hypotension if preload is reduced. Left ventricular 
filling during early diastole decreased 50% from age 20 to 80 
[5, 31, 32].

Despite the reduction in early diastolic filling of the left 
ventricle with age, preload is maintained because left atrial 
contraction becomes more vigorous to increase late diastolic 
filling of the left ventricle [5, 30–36]. Augmentation of 
late diastolic filling of the left ventricle prevents a decrease 
in left ventricular end-diastolic volume. The ratio of late 
diastolic Doppler peak transmitral velocity (peak atrial, or A 
wave, velocity) to early diastolic Doppler peak transmitral 
velocity (peak rapid filling, or E wave, velocity) increases 
from approximately 0.6 at 30 years of age to 1.2 at 70 years 
of age [37]. A reduction in the E/A wave ratio with age 
reflects a reduction in left ventricular compliance. An age-
related increase in left atrial size resulting from increased 
wall stress due to increased left atrial pressure counteracts 
the effects of decreased left ventricular compliance with age. 

In our older population, 619 of 1,797 older persons (34%) 
had  echocardiographic left atrial enlargement [24].

Age was the most powerful independent variable for left 
ventricular filling in healthy persons in the Framingham 
Heart Study [38]. Age was inversely associated with the 
E wave (peak early diastolic filling velocity) and was directly 
associated with the A wave (peak late diastolic filling veloc-
ity). Other independent variables that contribute to a lesser 
degree to left ventricular filling were heart rate, PR interval 
measured from the electrocardiogram (ECG), gender, left 
ventricular systolic function, and systolic blood pressure. 
Increasing the heart rate reduces peak early diastolic filling 
and increases peak late diastolic filling velocity. The PR 
interval on the ECG is inversely associated with peak early 
diastolic filling velocity. Women have slightly higher peak 
early diastolic filling velocities than men. Left ventricular 
systolic function is directly associated with peak early dia-
stolic filling velocity. Increasing the systolic blood pressure 
increases the peak late diastolic filling velocity [38, 39]. 
Age-associated abnormalities in Doppler measures of myo-
cardial filling and relaxation are only partially minimized by 
lifelong endurance training [40].

A decrease in preload is not well tolerated in elderly per-
sons. Reduced intravascular volume, reduced venous return 
to the heart, vasodilation by drugs or disease states, and use 
of drugs such as nitrates or diuretics reduce preload and may 
cause reduced cardiac output and hypotension in older per-
sons. Decreased compliance of the left ventricle and decreased 
cardiac and vascular responsiveness to b-adrenergic stimula-
tion [41] cause elderly persons to be highly dependent on the 
Frank–Starling mechanism to increase cardiac output. 
Elderly persons are more susceptible to developing orthos-
tatic hypotension [42–44]. Impaired baroreceptor reflex  
sensitivity [45], decreased cardiac responsiveness to b-adrenergic 
stimulation [41], loss of arterial compliance, decreased 
venous return due to increased venous distensibility, 
impaired compensatory mechanisms for maintenance of fluid 
volume and electrolyte balance, increased incidence of com-
mon  precipitating diseases and disorders, and the use of mul-
tiple drugs contribute to orthostatic hypotension. Older 
persons are also more susceptible to developing postprandial 
 hypotension [41–44].

Marked reductions in postprandial systolic blood pressure 
in elderly persons may predispose them to symptomatic 
hypotension and to falls, syncope, angina pectoris, and tran-
sient cerebral ischemic attacks [46–50]. At 29-month follow-
up, a marked decrease in postprandial systolic blood pressure 
in elderly persons was associated with an increased incidence 
of falls, syncope, new coronary events, new stroke, and total 
mortality [50]. Whether therapeutic interventions to prevent 
a marked reduction in postprandial systolic blood pressure in 
elderly persons can reduce the incidence of falls, syncope, 
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new coronary events, new stroke, and total mortality at long-
term follow-up must be investigated.

Because left atrial contraction can contribute up to 50% of 
left ventricular filling in a poorly compliant left ventricle, the 
development of atrial fibrillation may result in a marked 
reduction in cardiac output because of loss of the left atrial 
contribution to left ventricular late diastolic filling. A rapid 
ventricular rate associated with atrial fibrillation also reduces 
the time for diastolic filling of the left ventricle, resulting in 
a marked decrease in cardiac output.

The incidence of atrial fibrillation also increased with age 
[51, 52]. In 2,101 elderly persons in a nursing home, the 
prevalence of chronic atrial fibrillation was 5% in persons 
aged 60–70, 13–14% in persons aged 71–90, and 22% in 
persons 91 years and older [52]. Atrial fibrillation in elderly 
persons is associated with an increased incidence of new 
thromboembolic stroke [51, 52] and new coronary events 
[53, 54].

Cardiac output increases during exercise in healthy elderly 
persons owing to an increase in venous return to the heart, 
increasing the diastolic filling of the left ventricle and allow-
ing an increased stroke volume to be ejected during exercise 
[55]. This is the Frank–Starling mechanism. The maximal 
heart rate response to exercise decreased with age in healthy 
persons in the Baltimore Longitudinal Study of Aging [14], 
whereas exercise stroke volume increased with age to main-
tain the exercise cardiac output [14]. The increase in exercise 
stroke volume resulted from an increase in left ventricular 
end-diastolic volume (preload) via the Frank–Starling mech-
anism. In contrast, healthy nonelderly persons achieved an 
increase in exercise cardiac output primarily by an increase 
in heart rate. Exercise stroke volume increased in nonelderly 
healthy persons owing to a slight increase in the left ven-
tricular end-diastolic volume and a large decrease in the left 
ventricular end-systolic volume. The exercise-induced 
increase in heart rate and reduction in left ventricular end-
systolic volume in nonelderly persons are probably mediated 
by b-adrenergic stimulation. The increase in left ventricular 
end-diastolic volume during exercise in healthy older per-
sons suggests that the age-associated reduction in resting 
early diastolic filling of the left ventricle does not persist 
 during exercise.

Contractility

The intrinsic ability of the heart to generate force does not 
change with age in healthy persons, although the duration 
of contraction and relaxation is prolonged in senescent ani-
mals [56, 57]. Prolongation of the left ventricular ejection 
time [58] and the preejection period [59] with age in healthy 
persons indicates that prolongation of contraction occurs 

with age. Prolongation of the duration of contraction in 
senescent animals is associated with increased muscle stiff-
ness and prolongation of the action potential duration [60]. 
These age-related changes are associated with cellular 
changes in the excitation–contraction coupling mechanism 
[61] and are an adaptive response to preserve contrac-
tile function in response to an age-induced increase in 
afterload.

There is no reduction in resting left ventricular ejection 
fraction (LVEF) or circumferential fiber shortening in old 
persons with no evidence of heart disease [5, 14, 30, 62, 63]. 
However, systolic function with exercise decreases with 
age. In the Baltimore Longitudinal Study of Aging, old per-
sons showed less exercise-induced increase in LVEF than 
did younger persons because of an age-related increase in 
left ventricular end-systolic volume [14]. However, the 
absolute values of LVEF at maximal exercise in healthy  
old persons rarely decrease from basal values [14].  
Age-associated reductions in maximal heart rate and left 
ventricular contractility during maximal exercise are mani-
festations of decreased b-adrenergic responsiveness, with 
aging partially offset by exercise-induced dilation of the left 
ventricle [64].

Diastolic Function

Aging is associated with prolongation of the isovolumic 
relaxation time, reduced early diastolic filling of the left ven-
tricle, and augmented late diastolic filling of the left ventricle 
[31, 34, 37]. Normal aging changes that affect the left ven-
tricular diastolic function include increased systolic blood 
pressure, increased left ventricular wall thickness, decreased 
left ventricular early diastolic filling, prolonged left ventricu-
lar diastolic relaxation, increased left atrial size, and increased 
left ventricular late diastolic filling [65].

With aging occurs slowing of the rate at which calcium is 
sequestered by the sarcoplasmic reticulum following myo-
cardial excitation, which causes reduced relaxation of the 
left ventricle [52, 61, 66]. Accumulation of calcium at the 
onset of diastole may reduce left ventricular diastolic relax-
ation and early diastolic filling [67]. Reduced oxidative 
phosphorylation and cumulative mitochondrial peroxidation 
occurring with age may also reduce the left ventricular dia-
stolic function [68, 69].

Increased left ventricular stiffness with age due to 
increased interstitial fibrosis and cross-linking of collagen in 
the heart impairs left ventricular diastolic relaxation and fill-
ing [1, 70–72]. Myocardial ischemia in the absence of coro-
nary artery disease caused by decreases in capillary density 
and coronary reserve with age may further decrease left ven-
tricular diastolic function in elderly persons [1, 73].
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In addition to a reduction in left ventricular diastolic 
relaxation and early diastolic filling caused by age, elderly 
persons are more likely to have left ventricular diastolic 
 dysfunction because they have an increased prevalence of 
hypertension, myocardial ischemia due to coronary artery 
disease, and left ventricular hypertrophy due to hyperten-
sion, coronary artery disease, valvular aortic stenosis, hyper-
trophic cardiomyopathy, and other cardiac disorders. The 
increased stiffness of the left ventricle and prolonged left 
ventricular relaxation time decrease left ventricular early 
diastolic filling and cause higher left ventricular end-dia-
stolic pressures at rest and during exercise in elderly persons 
[74, 75].

In patients with congestive heart failure (CHF) associated 
with left ventricular systolic dysfunction, the LVEF is less 
than 50%. There is a reduced amount of myocardial fiber 
shortening, the stroke volume is reduced, the left ventricle is 
dilated, and the patient is symptomatic.

With CHF due to left ventricular diastolic dysfunction 
with normal left ventricular systolic function, the LVEF is 
normal. Kitzman et al. [76] demonstrated that during exer-
cise, persons with CHF and normal left ventricular systolic 
function but abnormal left ventricular diastolic function 
were unable to increase stroke volume normally, even in the 
presence of increased left ventricular filling pressure. 
Myocardial hypertrophy, ischemia, or fibrosis causes slow or 
incomplete left ventricular filling at normal left atrial pres-
sures. The left atrial pressure increases to augment left ven-
tricular filling, resulting in pulmonary and systemic venous 
congestion. The development of atrial fibrillation may also 
cause a reduction in cardiac output and the development of 
pulmonary and systemic venous congestion because of loss 
of the left atrial contribution to left ventricular late diastolic 
filling and decreased diastolic filling time due to a rapid ven-
tricular rate.

In a prospective study of 2,535 persons older than 60 
years (mean 82 years), CHF developed in 677 (27%) [77]. In 
a prospective study of 1,160 men and 2,464 women older 
than 60 years, with a mean age of 81, CHF developed in 29% 
of elderly men and in 26% of elderly women [78]. Elderly 
persons are more likely than nonelderly persons to develop 
CHF because of abnormal left ventricular diastolic dysfunc-
tion with normal left ventricular systolic function. Table 21.2 
shows that the prevalence of normal LVEF in older persons 
with CHF ranges from 34 to 52% [77, 79–84]. The preva-
lence of normal LVEF with CHF is also higher in elderly 
women than in elderly men [77, 80–84].

A normal LVEF was present in older persons with CHF 
in 44% of 55 African-American men versus 58% of 110 
African-American women, in 46% of 24 Hispanic men ver-
sus 56% of 34 Hispanic women, in 35% of 148 White men 
versus 57% of 303 White women, and in 38% of 227 older 
men versus 57% of 447 older women [84]. Table 21.3 shows 

the prevalence of a normal LVEF in 572 older persons with 
CHF in men and women of different age groups [77]. In the 
community, advancing age and female gender are associated 
with increases in vascular and ventricular systolic and dia-
stolic stiffness even in the absence of cardiovascular disease 
[85]. This contributes to the increased prevalence of CHF 
with a normal LVEF in elderly persons, especially in elderly 
women.

LVEF should be measured in all patients with CHF 
in order that appropriate therapy may be given [86–90]. 
For example, digoxin should not be used to treat persons 
with CHF and normal LVEF if sinus rhythm is present 
[65, 91–95]. By increasing contractility through increasing 
intracellular calcium ion concentration, digoxin may 
increase left ventricular stiffness, increasing left ventricular 
filling pressure, and adversely affecting CHF due to left 
ventricular diastolic dysfunction. Patients with CHF due to 
abnormal LVEF tolerate higher doses of diuretics than do 
patients with CHF and normal LVEF. Patients with CHF due 
to left ventricular diastolic dysfunction with normal LVEF 
need high left ventricular filling pressures to maintain an 
adequate stroke volume and cardiac output and cannot toler-
ate intravascular depletion. These patients should be treated 
with a low salt diet with cautious use of diuretics, rather 
than with large doses of diuretics. Patients with abnormal 
LVEF should not be treated with calcium channel blockers 
[96, 97].

Table 21.2 Prevalence of normal left ventricular ejection fraction 
(LVEF) in elderly patients with congestive heart failure (CHF)

Study
Results for patients with CHF  
and normal LVEF

Wong et al. [79] 41% of 54 Persons, mean age 80
Aronow et al. [80] 47% of 247 Persons, mean age 82
Cardiovascular Health Study [81] 59% of 186 Persons, mean age 73
Framingham Heart Study [82] 51% of 73 Persons, mean age 73
Pernenkil et al. [83] 34% of 501 Persons, mean age 81
Aronow et al. [77] 50% of 572 Persons, mean age 82
Aronow et al. [84] 51% of 674 Persons, mean age 81
Source: Reprinted with permission from Aronow WS, Frishman WH. 
Physiologic changes in cardiac function with aging. In: Rosenthal RE, 
Katlic MR, Zenilman ME, editors. Principles and practice of geriatric 
surgery. 2nd edition. New York: Springer; 2010

Table 21.3 Association of CHF with normal LVEF with gender and 
age in 572 elderly patients

Age (years) Normal LVEF

60–69 22% of 18 Men and 37% of 38 women
70–79 33% of 54 Men and 44% of 79 women
80–89 41% of 86 Men and 59% of 219 women
³90 47% of 19 Men and 73% of 59 women
All ages 37% of 177 Men and 56% of 395 women with CHF
Source: Data from Aronow et al. [77]
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Cardiovascular Response to Exercise

The maximal oxygen consumption (VO
2
max) is the best 

overall measurement of cardiovascular fitness [98]. VO
2
max 

is the product of cardiac output and systemic arteriovenous 
oxygen difference at peak exercise. Maximal cardiac 
 output – the heart rate multiplied by the stroke volume at 
peak  exercise – is a more direct measurement of cardiovas-
cular reserve than is VO

2
max [98]. VO

2
max decreased with 

age [99, 100]. The degree of decrease of VO
2
max with age is 

affected by physical conditioning, subclinical coronary 
artery disease, smoking, and body weight. Table 21.4 lists 
the cardiovascular responses to exercise in healthy elderly 
persons and clinical implications.

In the Baltimore Longitudinal Study of Aging, older male 
athletes had a higher peak exercise VO

2
max than older sed-

entary men [101]. The greater peak exercise VO
2
max in older 

male athletes than in older sedentary men was achieved by a 
higher cardiac index and a greater systemic arteriovenous 
oxygen difference. The higher peak exercise cardiac index in 
older male athletes than in older sedentary men was due to a 
higher stroke volume index with similar maximal heart rates. 
Long-term endurance training also is associated with 
enhanced ventricular diastolic filling indices [102]. Older 
age is associated with a decreased exercise efficiency and an 
increase in the oxygen cost of exercise, which contributes to 
a decreased exercise capacity. These age-related changes are 
reversed with exercise training [103].

A decrease in maximal systemic arteriovenous oxygen 
difference occurs with age [104]. The decrease in muscle 
mass with age may play a major role in the reduction in sys-
temic arteriovenous oxygen difference at peak exercise and 
in VO

2
max [105].

Fleg et al. [106] also investigated the effect of age on peak 
upright cycle exercise in healthy sedentary men and women 
aged 22–86 in the Baltimore Longitudinal Study of Aging. 
Peak cycle work rate was reduced with age in both men and 

women but was greater in men than in women at any age. 
Both men and women had peak exercise reductions in heart 
rate, cardiac index, and LVEF and increases in the left ven-
tricular end-diastolic volume index and end-systolic volume 
index with age. Peak exercise stroke volume index did not 
vary with age in men or women. The exercise-induced reduc-
tion in left ventricular end-systolic volume index and the 
increases in cardiac index, stroke volume index, and LVEF 
from rest were greater in elderly men than in elderly women.

Age-Related Changes in Cardiovascular 
Function

Table 21.5 lists some age-related changes in cardiovascular 
function in healthy elderly persons and clinical implications. 
Contractility at rest does not change with age, but the dura-
tion of left ventricular contraction and relaxation is pro-
longed. Age-associated decreases in maximal heart rate and 
left ventricular contractility during maximal exercise are 
manifestations of reduced b-adrenergic responsiveness with 
age partially offset by exercise-induced dilation of the left 
ventricle.

Decreased arterial compliance contributes more to the 
age-related increase in afterload than does the loss of periph-
eral vascular beds. The impaired vasodilator response to 
b-adrenergic stimulation with age is most important during 
exercise and contributes to the increased afterload associated 
with age. Resting preload does not change with age. Left 
ventricular early diastolic filling decreased with age. 
Augmentation of late diastolic filling of the left ventricle pre-
vents a reduction in left ventricular end-diastolic volume 
with age. The maximal heart rate response to exercise 
decreased with age. Exercise stroke volume increased with 
age to maintain the exercise cardiac output, resulting from an 
increase in preload by the Frank–Starling mechanism. 

Table 21.4 Cardiovascular responses to exercise in healthy elderly 
persons

Maximal heart rate decreased with age
Exercise stroke volume increased with age to maintain cardiac output
Increased exercise stroke volume with age results primarily from 

increase in left ventricular end-diastolic volume by Frank–Starling 
mechanism

Decrease in muscle mass with age plays role in age-associated 
decreases in systemic arteriovenous oxygen difference and in 
VO

2
max at peak exercise

Left ventricular end-diastolic and end-systolic volumes increased 
during peak exercise with age

Peak exercise LVEF reduced with age
Exercise-induced decrease in the left ventricular end-systolic volume 

index and increases in the cardiac index, stroke volume index, 
and LVEF from rest are greater in elderly men than in elderly 
women

Table 21.5 Some age-related changes in cardiovascular function in 
healthy elderly persons

Contractility at rest does not change with age
Duration of left ventricular contraction and relaxation prolonged with 

age
Decrease in arterial compliance contributes more to age-related 

increase in afterload than does loss of peripheral vascular beds
Resting preload does not change with age
Left ventricular early diastolic filling decreased with age
Augmentation of late diastolic filling of the left ventricle prevents a 

reduction in left ventricular end-diastolic volume with age
Cardiovascular responses to exercise with age are noted in Table 21.4
Age-associated reductions in maximal heart rate and left ventricular 

contractility during maximal exercise are manifestations of 
decreased b-adrenergic responsiveness with age partially offset by 
exercise-induced dilation of the left ventricle

Aging selectively impairs endothelium-dependent function
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VO
2
max and the systemic arteriovenous oxygen difference 

at peak exercise decreased with age. Aging also selectively 
impairs endothelium-dependent function [107].

In addition to age-related changes in cardiovascular func-
tion and deconditioning due to a sedentary life style, elderly 
persons also have a higher prevalence and incidence of car-
diovascular disorders that impair cardiovascular performance 
than do nonelderly persons. Elderly persons are more likely 
than nonelderly persons to develop CHF secondary to abnor-
mal left ventricular diastolic dysfunction with normal left 
ventricular systolic function. There is also an age-related 
increase in pulmonary artery systolic pressure [108].

Treatment of Congestive Heart Failure

The LVEF should be measured in all persons with CHF in 
order for appropriate therapy to be given [86–90]. For exam-
ple, digoxin should not be used to treat persons with CHF 
and normal LVEF if a sinus rhythm is present [65, 91–95]. 
Large doses of diuretics and nitrates should also be used cau-
tiously in persons with CHF and a normal LVEF [97].

Calcium channel blockers such as diltiazem, nifedipine, 
and verapamil exacerbate CHF in persons with CHF associ-
ated with abnormal LVEF [109]. Diltiazem increased mor-
tality in patients with pulmonary congestion associated with 
abnormal LVEF after myocardial infarction [110]. The 
Multicenter Diltiazem Postinfarction Trial showed, in per-
sons with a LVEF less than 40%, that late CHF at follow-up 
increased in patients randomized to diltiazem (21%) versus 
those randomized to placebo (12%) [111]. Prospective 
 studies have demonstrated that the vasoselective calcium 
channel blockers amlodipine [112] and felodipine [113] did 
not significantly affect survival compared with placebo in 

patients with CHF associated with abnormal LVEF. There 
was a significantly higher incidence of pulmonary edema in 
the persons treated with amlodipine (15%) than in those 
treated with placebo (10%) [112]. The American College of 
Cardiology Foundation (ACCF)/American Heart Association 
(AHA) guidelines recommend that calcium channel blockers 
should not be given to persons with CHF associated with 
abnormal LVEF [96].

Abnormal Left Ventricular Ejection Fraction

Table 21.6 shows the ACCF/AHA Class I recommendations 
for treating patients with current or prior symptoms of CHF 
with reduced LVEF [96]. Elderly persons with CHF associ-
ated with abnormal LVEF should be treated with a low 
sodium diet and with diuretics plus an angiotensin-converting 
enzyme (ACE) inhibitor [114, 115] plus a b-blocker such as 
metoprolol CR/XL [116], carvedilol [117], bisoprolol [118], 
or nebivolol [119]. An angiotensin receptor blocker should 
be used if the patient is intolerant to an ACE inhibitor because 
of cough or angioneurotic edema [120]. Regular physical 
activity such as walking should be encouraged in patients 
with mild to moderate HF to improve functional status and to 
decrease symptoms. Patients with CHF who are dyspneic at 
rest at a low work level may benefit from a formal cardiac 
rehabilitation program [120].

An implantable cardioverter-defibrillator and cardiac 
resynchronization therapy should be used according to ACC/
AHA guidelines [96, 121–123]. Statins should also be used in 
these patients to reduce appropriate cardioverter-defibrillator 
shocks and mortality [124, 125]. An aldosterone antagonist 
such as spironolactone [126] or eplerenone [127] should be 
used according to ACC/AHA guidelines [96].

Table 21.6 Class I recommendations for treating patients with current or prior symptoms of heart failure with reduced LVEF

Treat underlying and precipitating causes of heart failure
Use diuretics and salt restriction in persons with fluid retention
Use angiotensin-converting enzyme (ACE) inhibitors
Use b-blockers
Use angiotensin II receptor blockers if intolerant to ACE inhibitors because of cough or angioneurotic edema
Avoid or withdraw nonsteroidal anti-inflammatory drugs, most antiarrhythmic drugs, and calcium channel blockers
Recommend exercise training
Implant cardioverter-defibrillator in persons with a history of cardiac arrest, ventricular fibrillation, or hemodynamically unstable ventricular 

tachycardia
Implant cardioverter-defibrillator in persons with ischemic heart disease ³40 days post myocardial infarction or nonischemic cardiomyopathy,  

a LVEF ³30%, New York Heart Association Class II or III symptoms on optimal medical therapy, and an expectation of survival of ³1 year
Use cardiac resynchronization therapy in persons with a LVEF ³35%, New York Heart Association Class III or IV symptoms despite optimal 

therapy, and a QRS duration >120 ms with or without a cardioverter-defibrillator
Add an aldosterone antagonist in selected patients with moderately severe to severe symptoms of heart failure who can be carefully monitored 

for renal function and potassium concentration (serum creatinine should be ³2.5 mg/dL in men and ³2.0 mg/dL in women; serum potassium 
should be <5.0 mEq/L)

Use hydralazine plus nitrates in patients self-described as African-Americans with moderate to severe symptoms on optimal therapy with ACE 
inhibitors, b-blockers, and diuretics

Source: Adapted from Jessup et al. [96], Copyright Elsevier 2009, with permission from the American College of Cardiology
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Table 21.7 shows the ACC/AHA Class IIa recommenda-
tions for treating patients with current or prior symptoms of 
CHF with reduced LVEF [96]. Isosorbide dinitrate plus 
hydralazine was very effective in treating Blacks with CHF 
in the African-American Heart failure trial [128, 129] and is 
now recommend in Blacks with a Class I indication as stated 
in Table 21.6. The serum digoxin level should be maintained 
between 0.5 and 0.8 ng/mL to avoid an increase in mortality 
[97, 130, 131].

Normal Left Ventricular Ejection Fraction

Table 21.8 shows the therapy for elderly persons with CHF 
associated with a normal LVEF. b-Blockers [119, 132], ACE 
inhibitors [133, 134], and angiotensin receptor blockers 
[135] are efficacious in the treatment of these patients.

In elderly persons with CHF associated with a normal 
LVEF, pulmonary congestion is reduced by a low sodium 
diet, diuretics, and nitrates. Sinus rhythm is maintained to 
increase the left ventricular filling time. The ventricular rate 

is slowed below 90 beats/min by a b-blocker to increase left 
ventricular filling time. Myocardial ischemia should be 
decreased and is best achieved by giving a b-blocker. Elevated 
systolic blood pressure decreased by diuretics and an ACE 
inhibitor. The left ventricular mass is reduced by an ACE 
inhibitor. Left ventricular relaxation should be improved by 
ACE inhibitors or b-blockers.

Cardiovascular Disease

In addition to age-related changes in cardiovascular function 
and deconditioning due to a sedentary life style, old persons 
also have a higher prevalence and incidence of cardiovascu-
lar disorders, which impair cardiovascular performance, than 
nonelderly persons. Table 21.9 lists the prevalence of some 
cardiovascular disorders in an elderly population in a long-
term health care facility [78, 136, 137].

Aortic Valve Disease

Valvular aortic stenosis in elderly persons is usually due to 
stiffening, scarring, and calcification of aortic valve leaflets. 

Table 21.7 Class IIa recommendations for treating persons with current 
or prior symptoms of heart failure with decreased LVEF

Angiotensin II receptor blockers may be used instead of ACE 
inhibitors if patients are already taking them for other reasons

Hydralazine plus nitrates may be used if symptoms of heart failure 
persist despite ACE inhibitors and b-blockers

Implant cardioverter-defibrillator in patients with LVEF of 30–35% of 
any origin with New York Heart Association Class II or III 
symptoms on optimal medical therapy with a life expectancy of  
>1 year

Digoxin can be used in patients with persistent symptoms to reduce 
hospitalization for heart failure

Source: Adapted from Jessup et al. [96], Copyright Elsevier 2009, with 
permission from the American College of Cardiology

Table 21.8 Therapy of patients with heart failure and normal LVEF

Treat underlying and precipitating causes of heart failure
Avoid use of inappropriate drugs such as nonsteroidal anti-inflamma-

tory drugs
Treat hypertension, especially systolic hypertension, hyperlipidemia, 

myocardial ischemia, and anemia
Treat with cautious use of diuretics
Treat with b-blockers
Treat with ACE inhibitor or angiotensin receptor blocker if patient 

cannot tolerate ACE inhibitor because of cough, angioneurotic 
edema, rash, or altered taste sensation

Add isosorbide dinitrate plus hydralazine if heart failure persists
Avoid digoxin if sinus rhythm is present
Exercise training as an adjunctive approach to improve clinical status 

in ambulatory patients
Control ventricular rate in patients with atrial fibrillation
Source: Data from Hunt SA, Abraham WT, Feldman AM, et al. ACC/
AHA 2005 guideline update for the diagnosis and management of 
chronic heart failure in the adult-summary article. J Am Coll Cardiol. 
2005;46:1116–43

Table 21.9 Prevalence of cardiovascular disorders in elderly persons 
in a long-term health care facility

Cardiovascular disorder
Mean age  
(years)

Prevalence

Number %

Coronary artery disease [78] 81 1,521/3,624 42
Thromboembolic stroke [78] 81 1,131/3,624 31
Peripheral arterial disease [78] 81 1,011/3,624 28
40–100% Extracranial carotid 

arterial disease [136]
81 281/1,846 19

Congestive heart failure [78] 81 978/3,624 27
Hypertension [78] 81 2,136/3,624 59
Aortic stenosis [137] 81 463/2,805 17
Mitral annular calcium [137] 81 1,321/2,805 47
³1+ Mitral regurgitation [137] 81 928/2,805 33
³1+ Aortic regurgitation [137] 81 824/2,805 29
Rheumatic mitral stenosis [137] 81 37/2,805  1
Hypertrophic cardiomyopathy  

[137]
81 108/2,805  4

Idiopathic dilated cardiomyopathy 
[137]

81 29/2,805  1

Atrial fibrillation [78] 81 495/3,624 14
Pacemaker rhythm [78] 81 186/3,624  5
Abnormal left ventricular ejection 

fraction [137]
81 687/2,805 24

Left ventricular hypertrophy [137] 81 1,224/2,805 44
Left atrial enlargement [137] 81 987/2,805 35
Source: Reprinted with permission from Aronow WS, Frishman WH. 
Physiologic changes in cardiac function with aging. In: Rosenthal RE, 
Katlic MR, Zenilman ME, editors. Principles and practice of geriatric 
surgery. 2nd edition. New York: Springer; 2010
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Calcific deposits in the aortic valve are common and may 
lead to valvular aortic stenosis [24, 138–140]. Calcific 
deposits in the aortic valve were present in 22 of 40 necrop-
sied patients (55%) aged 90–103 [139]. Aortic cuspal cal-
cium was present in 295 of 752 men (36%), with a mean age 
of 80, and in 672 of 1,663 women (40%), with a mean age of 
82 [140].

Calcific valvular aortic stenosis was present at autopsy in 
18% of 366 octogenarians [141]. Valvular aortic stenosis 
was diagnosed by continuous-wave Doppler echocardiogra-
phy in 463 of 2,805 old persons (17%) with a mean age of 81 
[78]. Severe aortic stenosis was present in 2% of these 2,805 
old persons [78]. Severe aortic stenosis was also diagnosed 
in 3% of 501 persons aged 75–86 in the Helsinki Ageing 
Study [142].

Aortic valve calcium, mitral annular calcium, and coro-
nary artery disease in older persons have similar predispos-
ing factors for atherosclerosis [140, 142–148]. Elderly 
persons with extracranial carotid arterial disease [143] and 
with peripheral arterial disease [144] have an increased prev-
alence of aortic stenosis. Older patients with aortic stenosis 
[149, 150] and valvular aortic sclerosis [151, 152] have an 
increased incidence of new coronary events.

The prevalence of aortic regurgitation also increases with 
age [24, 153, 154]. Aortic regurgitation was diagnosed by 
pulsed Doppler recordings of the aortic valve in 526 of 1,797 
elderly persons (29%) with a mean age of 81 [78]. Severe or 
moderate aortic regurgitation was diagnosed by pulsed 
Doppler recordings of the aortic valve in 74 of 450 elderly 
persons with a mean age of 82 [155]. Margonato et al. [153] 
linked the increased prevalence of aortic regurgitation with 
age to aortic valve thickening.

Mitral Valvular Disease

Two degenerative aging processes – mitral annular calcifica-
tion and mucoid (or myxomatous) degeneration of the mitral 
valve leaflets and chordae tendineae – can cause significant 
mitral valvular dysfunction [156–158]. Mitral annular calci-
fication was diagnosed by two-dimensional echocardiogra-
phy in 36% of 924 elderly men and in 52% of 1,881 elderly 
women, with a mean age of 81 [78]. Mitral annular calcium 
was present in 11 of 57 persons (19%) 62–70 years of age, in 
53 of 158 persons (34%) 71–80 years of age, in 190 of 301 
persons (63%) 81–90 years of age, in 75 of 85 persons (88%) 
91–100 years of age, and in 3 of 3 persons (100%) 101–103 
years of age [159].

Breakdown of lipid deposits on the ventricular surface 
of the posterior mitral leaflet at or below the mitral 
 annulus and on the aortic surfaces of the aortic valve cusps 
is probably responsible for the calcification [160]. Elderly 

men and women with mitral annular calcium have a higher 
prevalence of coronary artery disease [161–163], peripheral 
arterial disease [163, 164], extracranial carotid arterial dis-
ease [163, 165, 166], and aortic atherosclerotic disease 
[163] than elderly men and women without mitral annular 
calcium.

Conduction Defects

The increased prevalence of conduction defects in elderly 
persons is due to age-related degeneration of the conduction 
system and the development of cardiovascular disease. Aging 
is associated with regional conduction slowing, anatomically 
determined conduction delay at the crista, and structural 
changes including areas of low voltage [167]. Impairment of 
sinus node function and an increase in atrial refractoriness 
occur with aging, predisposing to atrial fibrillation [167]. 
Table 21.10 lists the prevalence of conduction defects in 
1,153 elderly persons, with a mean age of 82 [168]. At 
45-month follow-up, elderly persons with second-degree 
atrioventricular block, left bundle branch block, intraven-
tricular conduction defect, and pacer rhythm had an increased 
incidence of new coronary events [168]. At 45-month 
 follow-up, elderly persons with first-degree atrioventricular 
block, left anterior fascicular block, or right bundle branch 
block did not have an increased incidence of new coronary 
events [168].

Conclusions

Cardiovascular function in elderly persons is significantly 
affected by the aging process itself and by those acquired 
diseases of the cardiovascular system that are more prevalent 
with age. These physiologic and pathologic changes of the 
aging cardiovascular system must be taken into consider-
ation during the clinical assessment and management of 
elderly patients who need to undergo surgical procedures 
and general anesthesia.

Table 21.10 Prevalence of conduction defects in 1,153 elderly persons

Defect Prevalence (%)

First-degree atrioventricular block 6
Left anterior fascicular block 8
Right bundle branch block 10
Left bundle branch block 4
Intraventricular conduction defect 3
Second-degree atrioventricular block 1
Pacemaker rhythm 4
Source: Adapted with permission from Aronow [168], with permission 
from S. Karger AG, Basel
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Abstract After the age of 30 many structural and functional 
changes appear gradually in the kidney. These changes 
can lead to what has been referred to as nephrogeriatric 
giants, six conditions present in the majority of the old 
people: senile hypofiltration (progressive reduction in glom-
erular filtration), renal vascular changes (atheromatosis 
and dysautonomy of the renal vessels), tubular dysfunc-
tion (reduction of several functions of the renal tubules), 
tubular frailty (tubular susceptibility to develop necrosis, 
and delayed recovery), medullary hypotonicity (reduced 
medulla tonicity), and obstructive uropathy. These changes 
explain the appearance of several disorders such as renal 
failure, ischemic nephropathy, hypo or hyperkalemia, 
sodium depletion, hyponatremia, dehydration, and urosep-
sis in the elderly.

Keywords Nephrogeriatric giants • Senile hypofiltration • 
Renal vascular changes • Tubular dysfunction • Tubular 
frailty • Medulla hypotonicity • Urinary obstruction • Renal 
failure • Ischemic nephropathy • Dyskalemia • Sodium deple-
tion • Hyponatremia • Dehydration • Urosepsis

Introduction

More than 50% of aged kidneys are normal in appearance, 
while approximately 14% display cortical scars scattered 
across their surface [1]. The weight of the kidney slowly 
decreases from 400 g in the third decade to less than 300 g 
in the ninth decade of life and its length diminishes by 
2 cm during this period. The renal cortex loses more mass 
than the medulla, while the latter shows an increase in its 
interstitial tissue; this is accompanied by fibrosis and 
increase of fat content at the level of the renal sinus, a 

constant finding is the presence of cysts along the distal 
nephron. Tubular cells undergo fatty degeneration with 
age, showing an irregular thickening of their basal mem-
brane. Microdissection shows that the diverticula that arise 
from the distal and convoluted tubules become more  frequent 
with age [2, 3].

After the age of 30 renal functional capacity gradually 
decreases due either to a progressive loss of functioning 
nephrons alone or a decrease in the number of energy-
producing mitochondria, lower concentration of adenosine 
triphosphatase activity and other enzymes, or decreased 
tubular cell transport capacity [4, 5].

The structural and functional changes of the aged kidney 
can lead to what has been referred to as nephrogeriatric 
giants, six conditions present in the majority of the old peo-
ple and characterized by profound changes in renal physiol-
ogy [6]: These changes are (1) decrease in glomerular 
filtration rate (GFR) (senile hypofiltration), (2) renal vascu-
lar changes, (3) tubular dysfunction, (4) hypotonicity of the 
medulla, (5) tubular “frailty,” and (6) obstructive uropathy. 
Below we will describe these entities and their clinical con-
sequences in detail (Table 22.1).

Decrease in GFR (Senile Hypofiltration)

Glomerular sclerosis begins at approximately 30 years of 
age, and the “obsolete” glomeruli vary between 1 and 30% in 
persons aged 50 or older [7]. The glomerular tuft appears 
partially or totally hyalinized, and this is the basis of the 
glomerulosclerosis, which leads to a reduction in the effec-
tive filtration surface in the elderly glomeruli [8, 9]. At the 
same time, the mesangium increases to nearly 12% by the 
age of 70 [2]. Microangiographic examination shows oblit-
eration particularly of juxtamedullar nephrons, but not of 
those sited more peripherally, with the formation of a direct 
channel between afferent and efferent arterioles of the  former 
(phenomenon called aglomerular circulation) (Fig. 22.1). 
Presumably this change contributes to the maintenance of 
medullary blood flow, and perhaps  contributes to medullary 
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hypotonicity in the aged [10] (Fig. 22.2). Because of all these 
changes, aging is accompanied by a decrease of GFR), renal 
plasma flow (RPF), and renal blood flow (RBF) [11]. The 
GFR evaluation with 51Cr EDTA confirms that the elderly 
have lower GFRs than the young [12]. At the third decade of 
life, creatinine clearance (Ccr) peaks at approximately 
140 mL/min/1.73 m2, and from then on, it progressively 
declines at a rate of 8 mL/min/1.73 m2 per decade [12]. The 
fall in Ccr is accompanied by a concomitant decrease in crea-
tinine production (senile sarcopenia), and consequently 
serum creatinine does not increase with the progressive 
decrease in GFR with age [13] (Fig. 22.2). In daily clinical 
practice, to estimate the Ccr in the elderly the equation of 
Cockcroft and Gault (CG) (Ccr = (140 − age) × (body weight)
/72 × serum creatinine; in women, it is 15% lower) is quite 
useful [14] (Table 22.2; Fig. 22.3).

Table 22.1 Nephrogeriatric giants and their potential clinical 
consequences

Nephrogeriatric giant Potential clinical consequences

Senile hypofiltration Drug dose toxicity
Saline load (pulmonary congestion)
Water load (hyponatremia)

Renal vascular changes Atheroembolia
Ischemic nephropathy
Secondary hypertension

Tubular dysfunction Hyperkalemia
Hypokalemia
Sodium loss (hypotension, hyponatremia)

Tubular frailty Acute renal failure
Chronic renal failure

Medulla hypotonicity Water loss (dehydration)
Nocturia

Obstructive uropathy Acute renal failure
Chronic renal failure
Urosepsis

Fig. 22.1 Cortical and 
juxtamedullary  
glomerulosclerosis and 
aglomerular circulation. 
(Reprinted from McLachlan 
[52], by permission of Oxford 
University Press. Data from 
Takazakura et al. [53])
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Clinical Consequences

A serum creatinine concentration of 1 mg/dL reflects a  ·
Ccr of 120 mL/min in a 20-year-old person and 50 mL/
min in a 80-year-old one [12].
It should be remembered that because of the senile  ·
decrease in Ccr, the dose of prescribed drugs must be 

corrected to the measured or estimated GFR and not 
serum creatinine [15]. Estimation of Ccr by the CG 
formula is adequate for adjustment in dose of prescribed 
drug.
The  · senile decrease in GFR together with diastolic cardiac 
failure secondary to the normal aging (called presbicardia) 
predispose healthy old people to pulmonary congestion 
after they receive a saline load [6].

Renal Vascular Changes

In apparently normal aged individuals, prearterioles, from 
which afferent arterioles arise, show subendothelial deposi-
tion of hyaline and collagen fibers that produce intimal thick-
ening [7]. In small arteries the intima is thickened due to 
proliferation of the elastic tissue. This is associated with 
atrophy of the media. Another characteristic of the aging 
kidney is the formation of anastomosis among afferent and 
efferent arterioles following obliteration of the glomeruli 
[16]. Besides, there is a defect in the autonomic renal vascu-
lar reflex in the elderly that normally protects the kidney 
from hypotensive and hypertensive states in the young people 
(see tubular frailty) [6] (Table 22.3).

Fig. 22.2 Creatinine clearance 
reduction and serum creatinine 
stability in aging (Reprinted 
from Kampmann et al. [54],  
with permission from Wiley)

Table 22.2 Senile hypofiltration: its mechanisms

Senile hypofiltration

Glomerulosclerosis
Mesangial expansion
Aglomerular circulation

Fig. 22.3 Nephrogeriatric giants’ mechanisms

Table 22.3 Senile renal vascular changes: its mechanisms

Renal vascular changes

Renal atherosclerosis
Vascular dysautonomy
Arteriole subendotelial hyalinosis
Aglomerular circulation
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Clinical Consequences

In the presence of the changes mentioned above, the elderly 
are predisposed to develop the following pathological entities:

Ischemic nephropathy: An important cause of chronic  ·
kidney disease in the elderly patient with essential hyper-
tension [17, 18].
Atheroembolic disease: It occurs when plaque material  ·
breaks free from the diseased vessel and enters the distal 
microcirculation. This intra-renal atheroemboli may lead 
to an acute kidney injury (AKI) from which the patient 
rarely recovers [19].
Renovascular disease: Reversible renal failure may  ·
develop after the use of angiotensin-converting enzyme 
(ACE) inhibitors in patients with unequal-sized kidneys 
on ultrasound. It is important to make this diagnosis, 
because even in end-stage renal disease (ESRD), angio-
plasty of the stenosed renal artery may restore some renal 
function [18, 19].

Tubular Dysfunction

Renal tubules undergo fatty degeneration with age and  
show an irregular thickening of their basal membrane. 
Microdissection shows diverticuli arising from the distal and 
convoluted tubules [16]. Also there are increasing zones of 
tubular atrophy and fibrosis, which may relate to the defects 
in concentration and dilution that are part of the normal renal 
aging process [2, 3].

Sodium

Probably hypernatremia and hyponatremia are the most 
common and better known disturbances in aged individuals. 
In spite of the lower sodium tubular load, 24-h urinary 
sodium output and fractional excretion of sodium are signifi-
cantly greater in old and very old people compared to the 
young [20, 21]. This suggests that the renal tubule of the 
elderly is unable to conserve sodium adequately. As a result, 
in a setting of sodium deprivation, the mean half time for a 
reduction of sodium excretion is around 18 h in persons 
under 30 years, reaching around 31 h in persons over 60 
years, apparently mediated by the concomitant reduction in 
GFR [22]. As GFR declines with age and the amount of fil-
tered sodium is lower than in young subjects, an aged person 
takes longer to eliminate any salt load given to them [23]. 
However, when sodium is restricted to 50 mmol per day, the 
period required to achieve equilibrium is 5 days in the young 

and 9 days in the elderly. As a result of these slow adaptations, 
both hypernatremia and hyponatremia are frequent in geriat-
ric patients [24, 25]. Under normal conditions, the old are not 
salt depleted because any renal sodium losses are matched 
by salt contained in the diet. The inability of the aged kid-
ney to conserve sodium may explain the tendency in old 
people to develop volume depletion in case of diminished 
sodium intake (<50 mmol/24 h) [26, 27]. The diminished 
capacity to reabsorb sodium by the ascending limb of Henle’s 
loop in healthy elderly persons [28, 29] has two direct impor-
tant consequences: First, the amount of sodium arriving at 
more distal segments of the nephron (distal convoluted 
and collecting tubules) increases; and at the same time, the 
capacity to concentrate in the medullary interstitium is 
diminished, causing elderly subjects to exhibit both increased 
sodium excretion and inability to maximally concentrate the 
urine [30]. Kirkland et al. found greater urinary elimination 
of water and electrolytes during the night in the elderly, 
which can, at least in part, explain the nocturia observed in 
70% of elderly persons [31]. Basal plasma concentrations of 
renin and aldosterone and the response to stimuli such as 
walking and salt restriction are also diminished in old age [20]. 
Thus, a dual effect of low aldosterone secretion and a relative 
insensitivity of the distal nephron to the hormone could 
account for diminished sodium reabsorption at this site [32].

Potassium

Total body potassium content is lower in the old than in the 
young and the correlation with age is linear [33]. As 85% of 
potassium is deposited in muscle, and muscular mass dimin-
ishes with age, this may largely account for the fall in total 
body potassium, with other factors such as poor intake also 
playing some role [34]. Under normal conditions, plasma 
potassium is normal in the elderly, but when patients are 
placed on diuretics, the elderly develop hypokalemia more 
rapidly than do the young [31]. On the other hand, the total 
renal excretion of potassium is significantly lower in the aged 
population than in the young. A clinical consequence of this 
tendency to lower excretion of potassium by the aging kid-
ney is the vulnerability of elderly persons to hyperkalemia 
[35–37] (Table 22.4).

Table 22.4 Senile tubule-interstitial changes: its mechanisms

Tubule-interstitial changes

Tubular diverticuli
Tubular atrophy
Tubular fat degeneration
Reduced sodium reabsorption
Reduced potassium secretion
Interstitial fibrosis
Medulla hypotonicity
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Clinical Consequences

It has been suggested that diverticuli in the senile distal and  ·
convoluted tubules may serve as reservoirs for recurrent 
urinary tract infection in the old [16].
When normotensive old patients are salt restricted or  ·
when they become ill and lose their appetite, they may 
develop salt and volume depletion and even acute renal 
failure (ARF) [26].
The reduced capability of the aging kidney to excrete  ·
potassium explains the vulnerability of the elderly to 
hyperkalemia. This electrolyte disturbance is particularly 
frequent when elderly individuals are treated (either alone 
or in combination) with non-steroidal anti-inflammatory 
drugs (NSAIDs), ACE inhibitors, and beta-blockers or 
potassium-sparing diuretics [36].

Medullary Hypotonicity

Senescence reduces the capacity of the kidney to concen-
trate the urine. The maximum urinary concentration remains 
constant until about the third decade and then falls by about 
30 mosmol/kg per decade. The decrease in the concentrat-
ing ability correlates with the fall in GFR with age. The rela-
tive increase in medullary blood flow (because of aglomerular 
circulation described above) also may contribute to the 
impairment of renal concentration capacity. The defect in 
sodium chloride reabsorption in the ascending limb of 
Henle’s loop and in distal urea reabsorption are both impor-
tant mechanisms for the development of a hypotonic 
medulla, which leads to the inadequate water reabsorption 
and to the decrease in the capacity to concentrate urine 
detected in the aged [29, 38]. The decrease in responsive-
ness of tubular epithelium of the collecting tubules to antidi-
uretic hormone (ADH) is another mechanism for the 
impairment of the urine concentrating ability. Also this may 
explain why plasma vasopressin levels are higher in the 
elderly compared to the adult person [36, 39]. Furthermore, 
when healthy active elderly volunteers were water restricted 
for 24 h, their threshold for thirst was increased and water 
intake was reduced compared with a control group of 
younger subjects [40]. Dryness of the mouth, a decrease in 
taste, alteration in mental capacity or cortical cerebral dys-
function, and a reduction in the sensitivity of both osmore-
ceptors and baroreceptors all may contribute to this increased 
threshold for thirst. Finally, concentration of angiotensin, a 
powerful generator of thirst, is lower in the elderly [36]. 
Total body water is diminished with age, comprising only 
54% of total body weight compared to 65% in young, prob-
ably because old people have a greater proportion of body 
weight as fat than the young. The decrease in total body 

water seems to be due predominantly to a decrease in the 
intracellular compartment [20, 36, 41]. Urinary dilution 
capability also is decreased. Thus, there is a minimum 
urine concentration of only 92 mOsmol/kg in the elderly 
compared to 52 mOsmol/kg in the young [42, 43]. 
Maximum free water clearance also is reduced in the elderly 
from 16.2 mL/min to 5.9 mL/min. Again, the functional 
impairment of the diluting segment of the thick ascending 
limb, described above, seems to account for the decrease in 
the capacity to dilute urine observed in the aged [27] 
(Table 22.4).

Clinical Consequences

Alterations in the senile loop of Henle induce a lower  ·
urine dilution capability in the elderly, which predis-
poses them to hyponatremia in a setting of free water 
load [34].
In the elderly the characteristic reduced ability to concen- ·
trate urine contributes to the trend to develop nocturia and 
dehydration in settings such as hot weather, febrile syn-
dromes, or delirium, as well as characteristic low serum 
urea levels in healthy oldest old [23, 34].

Tubular Frailty

In the elderly, renal tubular cells may develop acute tubular 
necrosis (ATN) rapidly, and they on the contrary recover 
slowly. Because of this, AKI is frequent in the elderly 
[6, 44]. Among the various causes of AKI, the most common 
are [44, 45]:

 1. Prerenal: Loss of fluids (diarrhea, diuretics), inadequate 
fluid intake, loss of blood (hemorrhage), shock (cardio-
genic and septicemic).

 2. Renal: ATN due to the persistent prerenal causes and/or 
to nephrotoxins; rapidly progressive damage due to col-
lagen disorders, such as Goodpasture’s syndrome and 
Henoch–Schonlein purpura; arterial or venous thrombo-
sis; acute interstitial nephritis (drug toxicity).

 3. Postrenal (Obstructive): Stones, clots, tumors, strictures, 
prostatic hypertrophy. Prerenal and postrenal causes of 
AKI are of particular importance in the elderly since their 
early identification and treatment may prevent the devel-
opment of established ATN.

Finally, it must be noted that continuation of treatment with 
ACEs, ARBs, or NSAIDs in febrile-dehydrated elderly 
patients has a serious effect on the aged kidney [45] 
(Table 22.4).
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Clinical Consequences

The incidence of AKI in the elderly is higher than in the  ·
young, because of the frequency of systemic illnesses, 
polypharmacy (especially NSAIDs, ACEs, and ARBs), 
and because of the renal aging process itself [46]. In a 
particular individual AKI is often multifactorial, i.e., 
inadequate fluid replacement before surgery, followed  
by dehydration, hypotension, infection, or inappropriate 
antibiotics (particularly aminoglycosides) [44, 45].
The kidneys in the elderly are particularly susceptible to  ·
the toxic effect of drugs and other chemical agents for 
the following reasons: (a) they have a rich blood supply; 
(b) drugs are concentrated in the hypertonic medulla; 
(c) drug accumulation is associated with impaired renal 
function; (d) hypersensitivity reaction with vasculitis is 
common in the kidney; and (e) concomitant inhibition of 
hepatic enzymes (present in elderly persons) increases 
drug toxicity [47].

Obstructive Uropathy

Prostatic hypertrophy occurs to the same degree in almost all 
aging males, but in a proportion of them it provides a slow 
obstruction to urinary outflow that gradually decreases kid-
ney function. Often this is not recognized until it is too late, 
largely because the patient becomes polyuric rather than 
oliguric [48]. Other causes of urinary tract obstruction are 
uterine prolapse, stones, strictures, and neurogenic bladder 
due to diabetes mellitus and posterior column dysfunction 
[49] (Table 22.5).

Clinical Consequences

By the time urinary obstruction is diagnosed, irreversible  ·
damage may have taken place, so that even with the relief of 
obstruction, renal function recovers only partially [48].
Urinary tract infection is the most common infection  ·
in the elderly and is especially prevalent in debilitated, 

institutionalized old individuals. The pathogenesis is 
strongly related to obstructive uropathy. Moreover, the 
incidence of bacteriuria increases with advancing age since 
several non-obstructive mechanisms predispose the aged 
to urinary infection such as vaginal and urethral atrophy, 
puddling related to bed rest, and bladder catheterization 
[50, 51].

Conclusions

The aging kidney becomes less efficient in coping with 
stressful situations such as overload or deprivation. If one 
does not pay attention to this, one may expose the elderly to 
ARF or congestive cardiac failure. In the elderly, drug abuse, 
dehydration, renal artery stenosis, and urinary outflow 
obstruction are frequent important but often asymptomatic 
complications. With clinical experience, the physician can 
avoid these complications and thus prevent renal failure.
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Abstract Within the gastrointestinal tract, a number of 
subtle changes occur with aging. An understanding of these 
expected changes will help the clinician decide whether the 
clinical presentation is expected, or due to a pathological 
process. The foregut undergoes some significant alterations 
in physiology which lead to clinically significant phenom-
enon in the elderly. These include an increased risk of aspi-
ration and malnutrition. Age-related changes in the colon 
include a significantly increased incidence of diverticular 
disease, constipation, and colitis.

The hepatobiliary system also undergoes normal physio-
logical alteration with age. Overall, there is little clinical 
impairement of liver function. Similarly, the gallbladder con-
tinues to function in a normal fashion, although there is an 
increased incidence of gallstones. With regardto the  pancreas, 
the data is not clear as to whether age related changes are the 
determinant of alterations in pancreatic function.

Keywords Esophagus • Stomach • Small bowel • Colon  
• Liver • Biliary system • Pancreas • Elderly • Physiology  
• Age-related changes • Aging

Introduction

As we know, a number of physiological changes occur with 
aging. Although not as dramatic and sometimes significant 
as changes with other vital organs such as the heart and brain, 
the gastrointestinal tract does undergo subtle alterations in 
function. A knowledge and understanding of these altera-
tions helps the clinician decide whether the clinical presenta-
tion is consistent with the patient’s physiology, or whether 
it is a pathological process. Furthermore, an appreciation of 

gastrointestinal changes with aging also affords the clinician 
the opportunity to expect and prevent certain conditions 
which are more likely to occur.

The Esophagus

Anatomy

The word esophagus originates from the Greek words of Oisen, 
meaning to carry, and Phagein, meaning to eat. Throughout its 
serpiginous 25–30 cm course, the esophagus is subdivided into 
cervical, thoracic, and abdominal portions. Blood supply is 
from the inferior thyroid, the bronchial, the left gastric, and the 
paired phrenic arteries. Though it begins as a midline structure, 
the esophagus deviates to the left of the trachea as it passes the 
thoracic inlet. It then courses to the right and distal to the 
carina, it passes again to the left under the mainstem bronchus, 
finally entering the abdominal cavity through the esophageal 
hiatus. During its course the esophagus is narrowed at three 
distinct areas: the cricopharyngeus muscle, the left mainstem 
bronchus, and the diaphragmatic hiatus.

Unlike the remainder of the intestinal tract, the esophagus 
is composed of only two layers: the mucosa and the muscu-
laris propria, thereby lacking an outer serosal layer. Distal to 
the cricopharyngeal muscle the esophagus has two concen-
tric muscle bundles, an inner circular and outer longitudinal 
layer. The upper third of musculature is striated, whereas the 
lower two thirds is composed of smooth muscle. The complex 
muscular construction of the esophagus includes an upper 
and lower esophageal sphincter (LES) that provide crucial 
functionality (Fig. 23.1). The upper esophageal sphincter 
(UES) is characterized by the end of the pharyngeal constric-
tor muscles. The cricopharyngeus muscle is solely responsi-
ble for maintaining the UES. The space between the 
thyropharngeus muscle and the cricopharyngeus muscle 
marks an area of weakening which contributes to the forma-
tion of Zenkers diverticulm. The LES is maintained by the 
diaphragmatic crura, the phrenoesophageal membrane, and 
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the 1–2 cm of intrabdominal esophagus. It is recognized 
endoscopically by the Z-line and the transition to the rugal 
folds of the stomach. Externally it is recognized when the 
circular muscle fibers of the esophagus join the oblique fibers 
of the stomach.

Physiology

Swallowing is comprised of three distinct, yet highly coordi-
nated phases: oral, pharyngeal and esophageal. The oropha-
ryngeal phase takes only 1.5 s but involves six events. These 
include elevation of the tongue, posterior movement of the 
tongue, elevation of the soft palate, elevation of the hyoid, 
elevation of the larynx, and tilting of the epiglottis. The UES 
will then relax, while posterior pharyngeal constrictors push 
a food bolus into the esophagus. Utilization of the pressure 
differential between the positive pressure of the cervical 
esophagus, and the negative intrathoracic pressure helps 
mobilize the food bolus into the thoracic esophagus. This is 
followed by a postrelaxation contraction that initiates peri-
stalsis and prevents reflux into the pharynx. The UES returns 
to a resting pressure of 60 mmHg as the peristaltic wave 
propagates into the midesophagus.

The food bolus is brought distally by esophageal peristal-
sis. Three types of esophageal contractions occur: primary, 

secondary, and tertiary. Primary contractions are voluntary 
and progress at a rate of 2–4 cm/s, generating an intraluminal 
pressure of 40–80 mmHg. Subsequent swallows will experi-
ence peristalsis in a similar fashion, with esophageal relax-
ation occurring to help maintain coordinated movement. 
Secondary peristalsis also involves progressive contractions. 
However, these are usually involuntary, and stimulated by 
distention or irritation of the esophagus. Tertiary  contractions 
represent uncoordinated contractions of the esophageal 
smooth muscle and are nonprogressive and nonperistaltic, 
occurring with both voluntary and involuntary swallow.

The last phase of bolus progression occurs at the LES and 
requires vagal-mediated relaxation of the LES. This occurs 
around 1.5–2.5 s after pharyngeal swallowing and lasts for 
4–6 s, followed by a postrelaxation contraction to restore the 
barrier to reflux.

Age Related Changes in the Phrenoesophageal 
Swallow Mechanism

Age related alterations include an overall slowing that begins 
at the oropharyngeal swallow mechanism. Patients older than 
65 demonstrate significantly attenuated laryngeal and pha-
ryngeal events related to slowed laryngeal vestibule closure, 
maximal hyolaryngeal excursion, and delayed UES opening. 
This results in a food bolus spending a greater time adjacent 
to the airway, causing increased pooling in the pharyngeal 
recess and a resultant increase risk of aspiration (Fig. 23.2). 
The resultant airway penetration happens more often and 
with greater consequences in the elderly [2, 3]. The swal-
lowing mechanism in the elderly is also more sensitive to 
alterations and disturbances, resulting in an inability to com-
pensate. One such circumstance is placement of a nasogas-
tric tube (NGT). One study demonstrated airway aspiration 
occurred more frequently when a NGT was placed in patients 
over 70 [2].

In addition to a mechanical slowing, recent attention has 
been placed on the central and peripheral neurophysiologic 
alterations accompanying swallowing [4, 5]. The use of 
MRIs has demonstrated that slower swallowing is associated 
with an increase in periventriculiar white matter hyperinten-
sities (PVH’s) in the cerebral white matter tracts of normal 
adults [6]. As one ages, there is an increase in the frequency 
and degree of PVHs. In addition to the decrease in cerebral 
blood flow and cerebral atrophy, an increase in PVHs may 
contribute to a central neurophysiologic alteration in swal-
lowing among the elderly. Alterations in the peripheral ner-
vous system occur as well, and may be related to sarcopenia 
of the head and neck muscles. Sarcopenia refers to the reduc-
tion in muscle mass and cross-sectional areas of muscle, as a 
result of decreasing number and size of muscle fibers [7–10]. 

Fig. 23.1 Muscles of the esophagus (reprinted from Townsend: 
Sabiston Textbook of Surgery, 18th ed. Copyright © 2007 Saunders, An 
Imprint of Elsevier)
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Studies have shown that with aging comes a reduction in tongue 
musculature, as well as an increase in fatty and connective 
tissue in the blood vessels of the tongue. Another study dem-
onstrated a replacement of fast (type II) laryngeal muscle 
fibers with slow (Type I) muscle fibers.

Age Related Changes in Esophageal 
Contraction

Studies on age related changes of esophageal peristalsis 
have been conducted since the 1960s. Early studies with 

debilitated patients, including those with neurologic disorders 
and diabetes, claimed that elderly patients had more nonpro-
pulsive contractions, tertiary contractions, esophageal dila-
tion, and delayed esophageal emptying [11, 12]. Reevaluation 
in 1974 by Hollis and Castel found a decrease in peristaltic 
amplitude, but no significant change in the speed, duration or 
incidence of dysmotiltiy in healthy men over 80. More recent 
data continue to be contradictory, with some supporting 
 normal transit time in the elderly, and others supporting 
slowed transit time, mostly across the LES.

Evaluation by Richter et al. [13] found that contractile 
duration remained stable, however distal esophageal ampli-
tude increased significantly each decade until a plateau at 
age 60. In contrast, Ren et al. [14] and Aly and Abdel-Aty’s 
[15] showed that esophageal transit time was longer with an 
increased duration across the LES. A recent manometric 
study evaluating this finding showed a significant decrease 
in peristaltic wave amplitude, a decrease in LES and UES 
pressures, and an increased number of failed contractions 
[16]. In support of this conclusion, a recent Japanese study 
demonstrated an increasing number of failed peristalsis and 
synchronous contractions in the elderly, mostly observed 
with more viscous substances [16–18].

Studies utilizing impedance manometry along with intrae-
sophageal balloon distention, allowing for biomechanical 
and visceral sensation assessment in the elderly, have dem-
onstrated a significantly larger esophageal lumen. Compliance 
of the smooth muscle was impaired, whereas no appreciable 
difference in the striated muscle was noted [19]. Few Studies 
have evaluated secondary peristalsis, however, Ren et al. 
demonstrated that this was absent or significantly impaired 
in healthy elderly individuals (>74) compared to healthy 
controls (aged 35) [14].

Given the differing patient selection, methods, techniques, 
and technology of each study, it is difficult to compare them. 
What can be extrapolated is that patients over the age of 90 
have associated comorbidities, which predispose to esopha-
geal motility disorders, making it difficult to distinguish 
whether age or the associated disease process is causing the 
alteration. Healthy individuals between 80 and 90 years of 
age demonstrate esophageal muscle weakness, and associ-
ated decrease in the number of enteric neurons, however, the 
swallow function remains relatively intact. The clinical rele-
vance of observed decreases in the amplitude of peristaltic 
pressures and increase in nonpropulsive repetitive contrac-
tions [18] remains controversial.

Ultimately these changes work in concert with the phre-
noesophageal age related changes to alter the swallowing 
function of the elderly, and may explain the increase in 
airway aspiration and dysphagia in the elderly. As demon-
strated, the above physiologic changes involve both 
mechanical and neurological components. The mechanical 
alterations of decreased UES pressure, reduced opening, and 

Fig. 23.2 Lateral film from a barium esophagogram in an elderly 
patient with oropharyngeal dysphagia and cricopharyngeal dysfunc-
tion. The film demonstrates a prominent indentation by the cricopha-
ryngeus muscle (arrow). Dilatation of the piriform sinuses (p) is present, 
and aspiration of barium into the laryngeal vestibule (v) and trachea is 
well demonstrated (reprinted from Feldman: Sleisenger & Fordtran’s 
Gastrointestinal and Liver Disease, 8th ed. Copyright © 2006 Saunders, 
An Imprint of Elsevier)
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delayed relaxation following deglutination [20–22] are 
complex and poorly defined. Likely, there is an additive effect 
of age related sarcopenia, central and peripheral neurologic 
alterations, and decreased esophageal motility, all contribut-
ing to the overall slowing of the swallowing mechanism, and 
possibly placing these patients at increased risk of airway 
aspiration.

The Stomach

Anatomy

The stomach is a highly distensible organ bound proximally 
by the LES and distally by the pylorus. It is composed of a 
series of regions that are difficult to distinguish by gross 
examination. The uppermost aspect of the stomach is the car-
dia and connects to the esophagus. Laterally and superiorly, 
the fundus is attached to the spleen via short gastric vessels. 
The main portion of the stomach is called the body, and it 
transitions to the antrum as the stomach makes an angular 
directional change around the angularis incisura. The stom-
ach is extremely well vascularized, due to blood supply from 
the left and right gastric arteries supplying the lesser curva-
ture, and left and right gastroepiploic arteries along the 
greater curvature. Additional supply comes from the inferior 
phrenic and short gastric arteries. The significant cross con-
nections between these vessels allow the stomach to remain 
well vascularized even in the face of ligation of three out of 
four main vessels. Innervation of the stomach is through 
the left and right vagal trunks, which provide parasympa-
thetic innervation and are involved in both motility and acid 
secretion.

Physiology

The purpose of the stomach is to initiate digestion of the food 
bolus, and propulse it into the duodenum for additional 
digestion and absorption. The stomach accomplishes this 
through chemical and mechanical digestion. The chemical 
digestion is secondary to gastric acid degradation. Gastric 
acid secretion from the parietal cell is stimulated by acetyl-
choline, histamine, and gastrin. Acetylcholine is released 
directly from the vagus nerve and parasympathetic ganglion 
cells. The vagus also innervates G cells which produce gas-
trin. Gastrin subsequently acts directly on parietal cells to 
increase acid secretion, and acts indirectly by stimulating the 
secretion of histamine. Histamine is the most important posi-
tive regulator of gastric acid secretion. The acid secretion 

occurs through three intertwined phases: cephalic, gastric, 
and intestinal. The cephalic phase begins with thought, sight, 
smell, or taste of food. When the food bolus enters the gastric 
lumen, the direct interaction with the microvilli of antral 
cells leads to gastrin release and the gastric phase. The intes-
tinal phase occurs following the movement of partially 
digested products into the duodenum. This phase proceeds as 
long as remnants of food remain within the stomach.

Gastric motility is enabled through both extrinsic con-
trols, such as the parasympathetic and sympathetic nerves, 
and intrinsic neural mechanisms. Similar to the esophagus, a 
series of coordinated peristaltic waves act to not only propel 
the food, but to also grind it in the antrum, thereby mechani-
cally digesting it. During a fasting state, the stomach is 
mechanically active, exhibiting a series of slow waves and 
electrical spikes known as the myoelectric migrating com-
plex (MMC). The MMC is likely independent of vagal stim-
ulation as the mechanism remains intact even following 
vagal denervation. Once food enters the stomach, the resting 
tone decreases in what is known as receptive relaxation and 
gastric accommodation, a vagally-mediated action. The food 
is then propelled against the pylorus in vigorous and short 
contractions that act to grind the food before it is transported 
into the duodenum. Emptying of gastric contents occurs 
according to highly coordinated neuro-hormonal mecha-
nisms. These can be influenced by internal gastric tempera-
ture, properties of the food, and psycho-motor influences 
such as fear and anxiety. Receptors within the duodenum and 
small bowel are also involved in the feedback loops of  gastric 
emptying.

Gastric Acid Secretion and the Elderly

Recent studies demonstrate that healthy individuals over 90 
without atrophic gastritis maintain the ability to secrete acid 
[23]. Haruma et al. [24] showed that H pylori status was 
more important than age in determining which patients had 
hypochlorhydria. H pylori positive patients have an increased 
number of inflammatory cytokines and a higher incidence of 
atrophic gastritis, both of which inhibit parietal cells. Recent 
studies from Japan, evaluating the long term effects of 
H-pylori, concluded that H-pylori infection, not age, caused 
atrophic gastritis and intestinal metaplasia [25].

The resultant atrophic gastritis, observed in 50–80% of 
patients over 80, [26] may cause two problems: bacterial over-
growth and gastric malabsorption. The prevalence of small 
bowel bacterial overgrowth is around 15.6% in the elderly 
[27]. This incidence is associated with lower body weights, 
lower body mass index, lower plasma albumin  levels, and a 
higher degree of diarrhea. The prevalence of gastric malab-
sorption plays an important role in vitamin B12 absorption. 
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Kaptan et al. [28] showed that 40% of Vitamin B12 levels 
returned to normal following treatment of H-pylori. Overall 
the hypochlorhydria seen in the elderly has been demonstrated 
to be secondary to H-pylori infection. The recognition and 
treatment of atrophic gastritis in this patient population is 
 crucial, because the consequences of bacterial overgrowth 
and gastric malabsorption contribute to malnutrition in the 
elderly.

Aging and Gastric Emptying

The effective role of aging on gastric emptying remains 
controversial. The work of Madsen et al. [29, 30] evaluated 
gastric transit time in healthy individuals over the age of 
80 utilizing gamma camera technique. They found no differ-
ence in gastric transit time, or frequency of postprandial 
antral contractions in the healthy elderly population. 
However, other studies have demonstrated that radiolabeled 
solids and liquids emptied slower in older patients, even 
though the change was minimal. One study, using electro-
gastography and 13C-acetate breath test, comparing active 
and inactive healthy elderly subjects, showed a decrease in 
postprandial peristalsis and contractile gastric force within 
the inactive group [31]. Another report concluded that lipid 
had a delaying effect on gastric emptying which could be 
reversed in the elderly by the administration of lipase [32]. 
In addition, rodent models have shown an age related neuro-
degeneration of the enteric nervous system along the gastro-
intestinal tract [33, 34]. The clinical relevance of these minor 
changes is questionable.

Aging and Gastric Carcinogenesis

The effect of aging on the stomach begins at the cellular 
level. Studies comparing young and old rodents showed that 
gastric epithelial cells in older rodents remain in a state of 
hyperproliferation [35]. This may be related to the finding 
that less gastric cells undergo apoptosis in older generations 
[36]. In addition, dietary stimuli have differing affects on the 
younger and older rodent populations. Holt et al. [37] showed 
that caloric restriction in older rodents resulted in signifi-
cantly less apoptotic regulation compared to matched 
younger rodents. This state of cellular hyperproliferation and 
decreased apoptosis, along with increased exposures to car-
cinogens may help explain the increased incidence of gastric 
cancers later in life. In addition, recent attention has been 
turned to the increased incidence of mutations of the APC, 
DCC, and p 53 tumor suppressor genes found in the gastric 
mucosa of the elderly [38].

The Small Bowel

Anatomy

The small bowel is comprised of the duodenum, jejunum, 
and ileum. The duodenum begins at the pylorus, and transi-
tions to the jejunum at the ligament of Treitz, as it passes 
through the mesocolon. There is no obvious demarcation 
between the jejunum and ileum, however there are some dif-
ferences that can be appreciated by gross inspection. The 
jejunum is a larger caliber and thicker than the ileum. Also, 
arterial arcades within the jejunal mesentery usually number 
one or two, whereas the blood supply to the ileum may con-
sist of four to five separate arcades.

Physiology

The principle role of the small intestine is the absorption of 
nutrients, water, and electrolytes. In addition to its length 
(approximately 300 cm), the small intestine is also invested 
with an immense amount of surface area secondary to 
microvilli. Following the initiation of digestion within the 
stomach, ingested food undergoes additional digestion within 
the proximal small bowel, secondary to secretion of digestive 
enzymes into the small bowel lumen. Brush border enzymes 
also populate the lining of the small bowel, allowing carbo-
hydrates to be digested to their simplest molecular states. 
The brush border is also responsible for the direct absorption 
of nutrients from the intestinal lumen into the blood supply. 
The physiological function of the small intestine has been 
heavily studied from a histological basis, with little attention 
focused on the gross physiology. Similar to the esophagus 
and stomach, motility of the small intestine is mediated via 
neural and hormonal mechanisms.

Small Bowel Changes with Aging

The small bowel maintains its architecture in the elderly. 
No alterations at the surface area, villous height, depth, 
crypt-to-villous ratio, brush border, enterocytes or Brunner 
glands occur [39]. In addition, the small bowel appears to 
maintain the ability to absorb nutrients. When patients with 
renal failure or bacterial overgrowth are excluded from eval-
uation, elderly subjects show minimal reduction in small 
bowel absorption [40]. With regard to fat absorption, there 
are conflicting reports. Some studies show no correlation 
between aging and 72 h fecal fat excretion. Others demon-
strate that fat absorption takes longer in the elderly with 
consequent postprandial satiety occurring.
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The Large Intestine

Anatomy

The transition of the terminal ileum into the cecum marks the 
beginning of the colon. The ileocecal valve, a semicircular 
thickening, maintains a unidirectional flow of contents into 
the colon. At the most inferior end of the cecum lies the 
appendix, a small tubular shaped organ. The cecum is diffen-
rentiated from the remainder of the colon in that it has a 
spherical shape, as opposed to a tubular one. Although dis-
tensible, the cecum’s shape makes it prone to ischemia and 
perforation in times of colonic dilatation. Following the 
cecum, the colon continues as the ascending, then transverse, 
then descending colon. The partitions are based on fixed 
positions of the colon at the hepatic and splenic flexures. 
Both the ascending and descending colon lie in the right and 
left paracolic gutters respectively, making the colon both a 
peritoneal and retroperitoneal organ. At the pelvic brim, the 
descending colon transitions into the sigmoid colon, so 
named due to its curvaceous course. In contrast to the small 
intestine, the outer muscular layer of the colon is organized 
into three distinct muscular bands known as taeniae. At the 
junction of the sigmoid and rectum, these muscular bands 
converge to form the outermost layer of the rectum, thereby 
permitting gross identification. The rectum occupies the 
 pelvic basin and persists for approximately 10–15 cm, before 
joining with the exterior as the anus.

Physiology

The function of the colon is to reclaim the necessary intestinal 
constituents back to the body, and then eliminate wastes 
through stool formation and defacation. Although the small 
bowel functions to absorb the majority of nutrients, the colon 
functions to recover the remainder, along with a significant 
amount of water and electrolytes. In addition to the mucosa, 
these functions are carried out by an expansive array of 
microflora that symbiotically exist within the lining and 
lumen of the colon. The colon receives approximately 
1,500 mL of fluid per day, yet stool contains only 10% of this 
total, indicating a very efficient fluid reabsorption. In addi-
tion, sodium is efficiently reabsorbed via cellular active 
transport mechanisms. The fuel for these mechanisms is 
derived from colonic bacteria, that produce it from break-
down of dietary fiber. Lack of dietary fiber therefore leads 
to decreased sodium and water reabsorption and subsequent 
diarrhea. The colon is also active in recovering any bile acids 
that are not reabsorbed in the terminal ileum. Bile acids are 
absorbed passively across the colonic mucosa. However, once 

capacity is exceeded, colonic flora act to deconjugate the bile 
acids which interfere with sodium and water reabsorption 
and result in diarrhea.

The colon may be functionally subdivided into three por-
tions: the right, left, and rectum. The right colon contains the 
most metabolically active colonic flora and therefore acts as 
the fermentation chamber of the colon. The left side is involved 
with absorption of water as stool passes through. Lastly, the 
rectum is involved in storage and expulsion of stool. Motility 
of the colon is related to these functional arrangements, in that 
the right colon experiences antiperistaltic waves to accommo-
date the retrograde flow into the cecum. The left colon, on the 
contrary, is involved in forward-propulsive peristalsis aimed at 
moving the stool bolus forward. A number of factors can 
increase the colonic transit time, including gender, meal intake, 
nicotine, and intestinal disease states. An appropriate amount 
of colonic transit time is necessary to have regular bowel 
movements. The factors which determine continence are dif-
ficult to elucidate. On the one hand, a rectum can become 
filled with stool, and remain filled with no voluntary contrac-
tion of the external sphincter. However, a rectum affected by 
radiation proctitis, with intact sphincter tone, may empty upon 
entry of any stool from the sigmoid. The mechanisms are not 
fully understood, however,and are likely due to an interplay of 
voluntary, involuntary and sensory innervation.

Age Related Changes in the Colon

One of the most apparent changes in the colon of elderly 
patients is diverticular disease. Diverticulosis is character-
ized by the presence of false diverticulae within the colonic 
wall. The outpouchings of mucosa form between the taenie 
and may lead to significant complications such as lower gas-
trointestinal bleeding and perforation. Necropsy-based stud-
ies do implicate aging as a primary risk factor for diverticular 
disease [41]. Separate historical studies confirmed similar 
results of diverticular disease and aging. There was a preva-
lence of approximately 13% up to 54 years of age, compared 
to 40–50% in those over 75 [42, 43]. Much focus has been 
placed on the role of diet, implicating Western diets lacking 
in fiber as a primary reason for the development of diverticu-
lar disease. A study from Singapore indicates an increase in 
the prevalence of diverticulosis, possibly due to increased 
Western influence in local diet [44]. Although most patients 
will remain asymptomatic, the 10–25% that experience a 
complication do so at an average age of 62 [45]. In addition 
to diet, colonic motility has also been implicated in the 
pathogenesis of diverticulosis. Intraluminal pressure mea-
surements in patients with symptomatic disease have demon-
strated abnormal motor and propulsive activities within the 
affected regions [46].
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Constipation is another entity that is subject to intestinal 
motility (Table 23.1). The prevalence of constipation increases 
with age: from 4.5% in those 65–74 years old to 10.2% in 
those 75 years and older. Motility of the intestinal tract is 
determined by neuro-hormonal mechanisms. The innervation 
is dependent on both extrinsic and intrinsic sources. Extrinsic 
innervation includes parasympathetic preganglionic fibers and 
postganglionic sympathetic fibers. There is no definitive evi-
dence of age-related changes of the extrinsic innervation of the 
intestinal tract. Intrinsic nerves, which regulate the action of 
smooth muscle cells within the colon, have been implicated in 
age-related alteration. Human studies have demonstrated that 
there exists an age-related loss of inhibitory nerve input to the 
circular smooth muscle of the colon [47, 48]. This decrease 
of inhibitory input may play a central role in the develop-
ment of constipation in the elderly by preventing the normal 

colonic relaxation or decreasing the normal inhibition of 
nonpropogating colonic contractions. Lastly, appropriate 
relaxation of smooth muscle is dependent on adequate 
smooth muscle number and function. There is little evidence 
implicating myopathy as an age-related reason for abnormal 
intestinal motility. In any case, studies have demonstrated an 
age-related decrease in left sided transit of colonic material, 
specifically in the recto-sigmoid region [49]. The cause of 
constipation in the elderly is likely due to a superimposition 
of chronic disease, such as diabetes mellitus, opiate use, 
polypharmacy, and dietary changes to subtle physiological 
changes. In many patients, the exact cause remains unclear.

Fecal incontinence also appears to increase with age. 
Although it is infrequently brought to the attention of physi-
cians and caregivers, the incidence is estimated to be up to 
18% in those aged 65 or older [50]. Similar to constipation 
and colonic motility, it is unclear whether fecal incontinence 
in the elderly is subject to changes in the anal sphincter or by 
secondary diseases that affect sphincter function. Studies 
have demonstrated that anal canal and sphincter pressures 
decrease with age, however, an overwhelming majority of 
patients with fecal incontinence are also found to have con-
current neurological diseases, diabetes, prior trauma, or cog-
nitive impairement [51]. Anal manometry helps to determine 
the level of sphincter tone, anal canal pressure and maximal 
squeeze pressure. Moreover, patients with fecal incontinence 
must be investigated to rule out overflow incontinence, which 
occurs secondary to rectal impaction or loss of sphincter tone. 
In these patients, evacuation of the rectal vault will usually 
improve fecal incontinence.

Elderly patients are also at an increased risk of various 
forms of colitis. Epidemiological studies of inflammatory 
bowel disease patients, including ulcerative colitis and 
Crohn’s colitis, have determined that there is a bimodal dis-
tribution amongst age groups. The peaks in incidence occure 
between ages 15 and 30, and 55 and 80. The etiology of each 
has yet to be determined; however ,a number of factors have 
been implicated including family history, exposure to anti-
gens, and possible infectious etiologies. Other significant 
colitis presentations in the elderly include inflammatory, 
infectious and ischemic colitis. NSAID use may indepen-
dently lead to inflammatory colitis, or may exacerbate ulcer-
ative colitis, or Crohn’s colitis. NSAIDs are well known 
causal agents of ulcers and other complications in the foregut, 
but they may also lead to ulceration, bleeding, perforation, or 
stricture within the colon [52, 53]. NSAID-induced inflam-
matory colitis in the elderly may present as acute or chornic 
inflammation. The most common presentation of infectious 
colitis in the elderly population is secondary to C. difficile. 
This spore-producing bacteria can survive in an inactive 
form for significant amounts of time in hospitals, nursing 
homes, and extended care facilities. The bacteria is normally 
present within the colonic flora; however, the growth of the 

Table 23.1 Common associations with constipation in the elderly

Nongastrointestinal medical conditions
Endocrine and metabolic disorders

Diabetes mellitus
Hypothyroidsim
Hyperparathyroidism
Chronic renal disease

Electrolyte disturbances
Hypercalcemia
Hypokalemia
Hypermagnesemia

Neurologic disorders
Parkinson disease
Multiple sclerosis
Autonomic neuropathy
Spinal cord lesions
Dementia

Myopathic disorders
Amyloidosis
Scleroderma

Other
Depression
General disability

Medications
Analgesics (opiates, tramadol, NSAIDs)
Anticholinergic agents
Calcium channel blockers
Tricyclic antidepressants
Antiparkinsonian drugs (dopaminergic agents)
Antacids (calcium and aluminum)
Calcium supplements
Bile acid binders
Iron supplements
Antihistamines
Diuretics (furosemide, hydrochlorothiazide)
Iron supplements
Antipsychotics (phenothiazine derivatives)
Anticonvulsants

Source: Bouras and Tangalos [117]
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active organism is usually suppressed by other bacteria of the 
colon. Administration of antibiotics may suppress the colonic 
flora that inhibit the proliferation of C. difficile, thereby pre-
disposing to C. difficile toxin-induced diarrhea and possible 
colitis. Although possible at any age, the elderly are predis-
posed to C. difficile colitis due to antibiotic use, concomitant 
medical conditions, and living arrangements within medical 
facilities. Ischemic colitis results from inadequate blood sup-
ply to the colon. Factors that predispose a patient to ischemic 
colitis include vascular, cardiogenic or coagulopathic states 
happen to occur in the elderly with increased frequency 
[54]. Considering the increased incidence of diabetes and 
hypertension among the elderly, ischemic colitis is signifi-
cantly more prevalent in this population. The condition is 
less likely to result from large vessel disease or thrombosis, 
but is more likely to occur from transient hypotension or 
dehydration, which may result from an episode of illness or 
malnutrition [55].

The Liver and Hepatobiliary System

Liver Anatomy

The liver is the largest solid organ in the body, extending from 
the level of the nipples to slightly below the costal margin. 
The horizontal axis spans the right hemidiaphragm and a por-
tion of the left hemidiaphragm. Liver anatomy is determined 

according to the Couinaud nomenclature, rather than historic 
classifications based on external topography (Fig. 23.3). The 
gross anatomical landmarks include the ligamentum teres 
(round ligament of the liver), which appears to divide the liver 
into a small left and larger right lobe. However, the anatomic 
classification divides the left and right lobe of the liver based 
on Cantlie’s line, which represents the plane of the middle 
hepatic vein, and the primary bifurcation of the portal vein. 
Cantlie’s line can also be visualized as the plane extending 
from the gallbladder fossa to the inferior vena cava. The liver 
receives dual vascularization from the portal and systemic 
vasculature. The portal vein, hepatic artery, and biliary ductal 
system generally run in parallel, each bifurcating just before 
entry into the hilum and sending major branches to each 
hepatic lobe. Couinaud’s functional anatomical classification 
divides the liver into eight segments according to the ana-
tomic relation of portal vein and hepatic vein branches [56]. 
This results in a functional and anatomical collection of eight 
subsegments.

Liver Physiology

The liver is vital to a number of processes aimed at maintaining 
health and homeostasis. The functions of the liver include 
detoxification, protein synthesis, bile acid synthesis, storage 
of substances, and metabolism of proteins, carbohydrates and 
lipids. Toxins, both internally produced and externally acquired, 
are filtered from the blood through the action of the liver. 

Fig. 23.3 Posterior view of 
the liver. The shape of the 
liver is determined by 
molding against adjacent 
organs (reprinted from 
Feldman: Sleisenger & 
Fordtran’s Gastrointestinal 
and Liver Disease, 8th ed. 
Copyright © 2006 Saunders, 
An Imprint of Elsevier)
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Toxins are cleared through a series of enzymatic reactions 
that render the toxins water or fat-soluble, thereby allowing 
for their secretion in urine or bile. Furthermore, the liver pro-
duces the bile that acts as a vehicle of export for various 
offending agents.

In addition to toxins, bile also transports bilirubin, choles-
terol, bile salts, and phospholipids to the intestinal tract for 
excretion. Moreover, bile acids are required in the digestion 
of fats, thereby facilitating their absorption. Approximately 
500–1,000 mL of bile is secreted per day. Nearly all of the 
bile acids that are excreted into the intestines are reclaimed 
by hepatocytes, thereby preventing their loss into the sys-
temic circulation. The hepatocytes reconjugate the extracted 
product into the formation of new bile, thereby completing 
the circuit. This is referred to as the enterohepatic circulation 
of bile acids. The rate of new bile acid formation is therefore 
dependent on the rate of intestinal reabsorption and hepato-
cyte extraction. At the level of hepatocytes, bile is formed by 
the oxidation of cholesterol. Dietary intake and availability 
of lipoprotein carriers also affect cholesterol metabolism. 
Although insoluble in water, cholesterol remains soluble in 
bile if the relative concentrations of bile salts and phospho-
lipids are maintained within certain limits. Supersaturation 
and crystallization of cholesterol can occur, which can be a 
prelude to gallstone formation.

The liver is also a central point in the metabolism of car-
bohydrates. The liver manages the surplus or deficit of meta-
bolic fuels by engaging in storage or distribution of glucose. 
Both the liver and muscle are capable of glucose storage, 
however, only the liver is involved in the conversion of gly-
cogen to glucose for systemic use. Other catabolic functions 
of the liver include gluconeogenesis and ketogenesis. 
Anabolic functions of the liver include glycogenesis and 
synthesis of plasma proteins, such as albumin, transferrin, 
haptoglobin, and numerous coagulation factors.

Age Related Changes in Hepatic Function

As a person ages, the liver undergoes “brown atrophy,” which 
is caused by accumulation of pigmented lipofuscin granules 
in hepatocytes and Kupffer cells. These granules are thought 
to be the depository of residues, predominantly exogenous 
dietary contaminants, that the liver cannot metabolize. The 
pertinent morphologic and physiologic changes are summa-
rized in Table 23.2. On an average, liver weight is decreased 
6.5% in males and 14.3% in females [57]. The absolute num-
ber of hepatic lobules remains constant, but they undergo a 
decrease in the size of each lobule. Consequently, the num-
ber of hepatocytes decreases, yet each hepatocyte assumes 
an increased volume. Postmortem liver tissue analysis in 
subjects over 60 years old demonstrates decreased microsomal 

enzyme activity, and a decreased hepatic concentration of 
smooth endoplasmic reticulum [58]. Furthermore, the num-
ber of mitochondria per hepatocyte decreases with [59]. 
Although these are not very significant changes on their own, 
when coupled with a decreased hepatic blood flow, this may 
account for a reduced capacity for metabolism of certain 
drugs and toxins. Hepatic blood flow, measured with dye 
clearance tests, shows a corresponding decrease with age at 
an estimated 0.3–1.5% decline per year. Reduced blood flow 
is attributed to the diminution of hepatic parenchymal mass 
with aging. As a result of this decline, individuals aged 65 
years have 40–45% less total hepatic blood flow than they 
had at age 25 [60].

Examination of human and rat hepatocytes has provided 
insight into mechanisms of impaired drug metabolism by the 
aging liver. Hepatocytes isolated from young and old rats 
and humans demonstrated no difference in rates of oxidative 
phase I drug metabolism and phase II conjugation reactions 
[61]. In contrast, in vivo rates of oxidative phase I drug 
metabolism was impaired in older rats, yet glucuronidation 
was preserved [62]. A possible explanation for these obser-
vations is that older animals experience a degree of hypoxia. 
The decreased oxygen delivery may be a result of the cre-
ation of a diffusion barrier secondary to pseudocapillariza-
tion of hepatic sinusoids. The sinusoids of older rats has been 
found to have thicker endothelium, and increased deposition 
of type IV collagen. Therefore, the pseudocapillarization and 
subsequent relative hypoxia in older rats may have implica-
tions for elderly humans. That is, this finding may impact 
drug therapy in the elderly, specifically those drugs whose 
clearance involves undergoing oxidative metabolism [63].

Despite the aforementioned changes the liver undergoes 
with normal aging, the result is little to no significant clini-
cal impairment. Several studies have documented that stan-
dard liver function tests (LFTs) do not vary significantly 
with increasing age alone [64, 65]. Therefore, presence of 
abnormal liver chemistries in the elderly should not be 
considered normal, and investigation of possible hepatobil-
iary disease should be undertaken. Regardless, standard 

Table 23.2 Morphologic and physiologic changes observed in the 
liver of elderly persons

Parameter Change with age
Functional 
impact

Organ size (absolute and relative) ↓ None
Hepatocyte number ↓ None
Cell volume, ploidy, organelle 

constituents
↑ None

Hepatic blood flow ↓ min↓
Liver function tests No change None
Metabolic function No significant change? None

↑ increased; ↓ decreased; ? not proven or consistent
Source: adapted with permission from Sherman and Brunicardi [1]
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LFTs – including serum bilirubin, aminotransferases, and 
alkaline phosphatase – do not reflect the true dynamic func-
tion of the liver. To this end, other study techniques have 
been used to assess liver function. Prior studies investigat-
ing hepatic clearance or retention in the elderly have been 
controversial and conflicting, requiring control for multiple 
comorbid diseases, medications, and decreased hepatic blood 
flow [64–66]. To date, the most definitive study is that of 
Kampmann and associates, which demonstrated no signifi-
cant variation in retention of anionic dyes in 43 carefully 
selected patients aged 50–88 years, when compared with 
younger persons [67].

Studies in old rats have demonstrated that although hepatic 
regeneration following hepatectomy is slower, these livers 
will eventually achieve their original volume [68]. In humans, 
clinical data has also demonstrated the longevity of aging 
livers through results garnered from liver transplants. Five 
patients whose transplanted livers were from donor patients 
over 80 years old, experienced similar clinical outcomes to 
the group (n = 35) that received livers from patients under 80 
years old [69]. In terms of function, synthesis of most hepatic 
proteins remains intact with some impaired catabolism. Also, 
the activities of certain hepatic enzymes necessary for cho-
lesterol metabolism are thought to be affected by the aging 
process. These age-related changes in hepatic enzyme activ-
ity may well be contributing factors in the pathogenesis of 
gallstone formation in the elderly.

Biliary Anatomy

After being secreted by the hepatocyte, bile drains along 
canaliculi that form into progressively larger intrahepatic 
ducts. These continue to coalesce within each lobe to form 
the right and left lobar ducts, which then exit the hilum and 
join to form the common hepatic duct (CHD). The CHD, in 
its course to the intestine, becomes the common bile duct 
(CBD) once it joins with the cystic duct from the gallblad-
der. The gallbladder is a pear-shaped, blind-ended, organ 
lying on the inferior surface of the liver that receives and 
drains bile through the cystic duct. The CBD then courses 
towards the second portion of the duodenum, where it emp-
ties into the ampulla of Vater within the duodenal wall. 
Shortly before entering the duodenum, the CBD also joins 
with the pancreatic duct, although variations to this anatomy 
are common. The sphincter of Oddi is a complex muscular 
structure surrounding the distal portions of the CBD, main 
pancreatic duct, and ampulla of Vater that is separate from 
the duodenal musculature. This sphincter coordinates appro-
priate release of biliary and pancreatic secretions during a 
meal, while preventing harmful reflux of duodenal contents 
into the CBD.

Biliary Physiology

The purpose of the gallbladder is to store and concentrate bile 
during the fasting state. Following ingestion of a meal, the 
secretion of gastrointestinal hormones such as secretin, gastrin, 
and CCK results in the release of bile from the gallbladder 
into the intestinal tract. Although the gallbladder generally 
holds only 40–50 mL of bile, its remarkable absorptive capac-
ity allows it to accommodate the 500–1,000 mL of bile pro-
duced by the liver each day [56]. The mucosa of the gallbladder 
performs this function by absorbing significantly more sodium 
and water than cholesterol and calcium. As the concentration 
of calcium increases in bile, it also affects the solubility of 
cholesterol. In turn, the increased concentrations of choles-
terol and calcium may result in precipitation and creation of 
gallstones.

Between meals, the gallbladder passively fills with bile 
that is continuously produced by the liver. With the sphincter 
of Oddi contracted, the pressure within the CBD increases 
above that of the gallbladder lumen, thereby facilitating pas-
sive movement of bile into the cystic duct. Periodically, a 
small amount of bile (10–30%) is released from the gallblad-
der. This process of partial emptying and filling seems to be 
coordinated with late phase II and phase III activity of the 
MMC, which is associated with increases in plasma concen-
trations of the hormone motilin [66]. The turnover of gall-
bladder bile during fasting may serve as a mechanism to 
prevent or expel cholesterol crystals prior to macroscopic 
stone formation.

Following a meal of fatty acids or amino acids, vagal 
stimulation and CCK result in contraction of the gallbladder 
and the release of approximately 50–70% of the stored bile. 
The presence of intraluminal gastric acid, fatty acids, and 
certain amino acids triggers the release of CCK from epithe-
lial cells in the proximal intestine, primarily in the duode-
num. In addition to the release of bile from the gallbladder, 
CCK also impacts the contraction and relaxation of the 
sphincter of Oddi. This coordinated reflex allows flow of 
bile and pancreatic juice into the duodenum to aid in the 
digestive process. At physiologic levels, CCK seems to influ-
ence vagal cholinergic innervation of the gallbladder by 
means of CCK-A receptors on postganglionic neurons [70]. 
This  neurohumoral interaction may provide control of basal 
 gallbladder smooth muscle tone, and coordination of post-
prandial gallbladder contraction.

Biliary Function in the Elderly

Similar to the liver, the gallbladder undergoes minor changes 
with aging. There is little effect on size, contractility, or 
absorptive capacity (Table 23.3). The effect of a decreased 
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responsiveness to CCK may not have clinical significance. 
Khalil and colleagues demonstrated that gallbladder sensi-
tivity to CCK decreases with age, but fasting and fat-stimu-
lated plasma levels of CCK are significantly higher in older 
individuals. These physiologic alterations appear to offset 
each other functionally, as the rate of gallbladder emptying 
in the elderly is similar to that of younger individuals [71]. 
The age-related increase in serum concentration of pancre-
atic polypeptide may also depress gallbladder emptying, 
however the data to date is conflicting and further studies are 
needed to clarify the role of this hormone in hepatobiliary 
function in the elderly [72].

The most significant age-related change involving the 
hepatobiliary system involves the CBD. Namely, the duct 
increases in size, in a similar fashion to the pancreatic duct. 
One study by Nagase and associates used intravenous cho-
langiography to measure the CBD size in 84 healthy Japanese 
persons and documented a mean diameter of 9.2 mm at age 
70, compared to 6.8 mm at age 20 [73]. Other studies have 
confirmed the upper normal size of the CBD as 10 mm in 
patients over 75 years old, and 14 mm post cholecystectomy 
[74]. The distal portion of the CBD and the sphincter of Oddi 
become progressively narrower with age, possibly predis-
posing to stone impaction, nevertheless, biliary obstruction 
in older adults is usually due to malignancy rather than to 
choledocholithiasis. The most common malignancy is ade-
nocarcinoma of the pancreas, but may be caused by other 
malignancies such as ampullary, gallbladder, bile duct, duo-
denal, and metastatic cancers. Benign strictures can result 
from cholangitis or common duct injuries. Primary sclerosing 
cholangitis is rare in those older than 65 years of age.

Gallstone Pathogenesis

Epidemiological studies have shown that cholesterol gall-
stones occur infrequently in adolescence, and the presence 
increases linearly with age (Table 23.4) [75–79]. The incidence 
of gallstones increases approximately 1–3% per year [80]. 

Recent studies have even indicated that the incidence of 
gallstones in females approaches 50% by age 70 [81]. In 
fact, the most common abdominal operation performed in 
the geriatric population is cholecystectomy, with the total 
number of cases performed annually for nonfederal inpatients 
65 years of age and over approximating 161,000 [79]. 
Furthermore, the risk of complications from gallstone dis-
ease is increased in elderly patients, with an increased inci-
dence of CBD obstruction, perforation, and gangrene [82].

Gallstones are classified according to their cholesterol 
content as either cholesterol stones or pigment stones. 
Pigment stones are further classified as black or brown. In 
the United States, gallstones are most commonly composed 
of cholesterol (70–80%) with pigment stones accounting for 
the remaining 20–30% [56].

Cholesterol Gallstone Pathogenesis

Three independent but mutually inclusive processes appear 
to be necessary for gallstone formation: (1) cholesterol 
supersaturation; (2) nucleation (also known as crystalliza-
tion); and (3) stone growth. Excess biliary cholesterol can 
result from hypersecretion of cholesterol with a normal bile 
acid pool, or with normal cholesterol secretion in conjunc-
tion with a diminished bile acid pool. Therefore, cholesterol 
supersaturation can be produced by decreased activity of 
cholesterol 7-a-hydroxylase (decreasing the conversion of 
hepatic cholesterol to bile acids), overactivity of HMG-CoA 
reductase (the rate-controlling enzyme in the synthesis of 
cholesterol), or terminal ileal disease or resection (interrupt-
ing the enterohepatic conservation of bile acids).

Cholesterol supersaturation alone is a common finding in 
normal patients free of biliary pathology [83, 84]. Nucleation, 

Table 23.3 Morphologic and physiologic changes observed in 
the biliary system of elderly persons

Parameter Change with age

Bile duct size ↑
Gallbladder contractility No change
Gallbladder absorptive capacity No change
Cholecystokinin plasma levels ↑
Gallbladder cholecystokinin sensitivity ↓
Cholelithiasis incidence ↑
Bile cholesterol saturation ↑
↑ increased; ↓ decreased; ? not proven or consistent
Source: adapted with permission from Sherman and Brunicardi [1]

Table 23.4 Prevalence of gallstones at autopsy in women in various 
countries

Age (years)

Prevalence of gallstones (%)

UK [118] USA [75] Sweden [76] Chile [77]

10–19 – 0 – 7.2
20–29 6.8 4.2 14.3 25.1
30–39 – 8.6 16.7 26.4
40–49 9.7 12.1 15.0 46.5
50–59 28.0 23.3 27.6 55.6
60–69 31.5 27.5 40.0 65.3
70–79 33.6 30.6 52.7 63.7
80–89 42.6 34.9 51.9 77.1
90+ 42.7 44.4 58.4 –

Sources: data from Bateson [15], Lieber [76], Lindström [77], and 
Marinovic et al. [78]
The table illustrates the geographic variation of gallstone disease and 
increasing prevalence with advancing age. This table is reprinted with 
permission from Sherman and Brunicardi [1]
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or the precipitation of supersaturated bile cholesterol into 
solid cholesterol monohydrate crystals, usually occurs due to 
a combination of depressed biliary kinetics and procrystal-
izing protein action on the bile. Nucleation time, the rate at 
which cholesterol crystals form, is decreased from approxi-
mately 15 days in control patients free of biliary disease, to 
3 days in patients with gallstones [85]. Concentration of bile 
within the gallbladder causes the formation of large, choles-
terol-rich multilamellar vesicles that can precipitate choles-
terol crystals. Also, concentration of calcium salts within the 
gallbladder leading to saturation may serve as a nidus for 
nucleation.

Lastly, the gallstone attains clinical significance when its 
size grows to the point at which it causes an obstruction of 
the biliary system. Macroscopic stone formation from cho-
lesterol crystals results from progressive enlargement of 
individual crystals with deposition of insoluble material onto 
its outer surface or by fusion of crystals into a larger con-
glomerate. However, patients may also present with typical 
biliary disease symptoms, without expected radiological 
findings such as definitive stones. This biliary “sludge,” also 
known as biliary microlithiasis, is a precipitation of choles-
terol crystals and calcium bilirubinate granules in bile with a 
high mucin content, not infrequently observed in states of 
prolonged bowel rest or with use of total parenteral nutrition 
(TPN). Nevertheless, the pathogenesis of cholesterol gall-
stones is clearly multifactorial (Table 23.5).

The subtle age-related changes of the liver and biliary 
system, namely gallbladder mucosal function and contractil-
ity, play key roles in lithogenesis. Gallbladder hypomotility, 
with infrequent or incomplete emptying of the gallbladder 
contents, may predispose to bile stasis and crystal formation. 
As previously discussed, gallbladder kinetics are decreased 
in the elderly population, thereby increasing the risk of 
development of cholelithiasis. It is also important to consider 
other mechanisms that predispose to cholelithiasis, that may 
be present within a comorbid illness in the elderly patient. 

For instance, the elderly patient may require TPN, which 
further delays gallbladder emptying. Another notable condi-
tion that may predispose a patient to gallstone formation is 
rapid weight loss, which may be due to poor dietary intake or 
chronic illness [86].

Pigment Gallstone Pathogenesis

Pigment stones are formed by the precipitation of bilirubin in 
bile, which, like cholesterol, is insoluble in water. Bilirubin 
becomes soluble within the liver, where it is conjugated, 
although a small percentage (3%) remains unconjugated. In 
healthy patients, this is inconsequential. Hyperparathyroidism 
may predispose a patient to pigment stones by increasing the 
level of ionized calcium. Pigment stones may also occur sec-
ondary to an increase in unbound bilirubinate. This is due to 
chronic hemolysis (cirrhosis or sickle cell disease), or 
increased synthesis of unconjugated bilirubin as a result of 
increased activity of b-glucuronidase (which converts conju-
gated bilirubin to unconjugated) [87]. When an increase in 
insoluble bilirubin comes into contact with insoluble  calcium, 
a black pigment stone of solid consistency forms. Brown 
pigment stones are more common in Asian populations and 
are associated with chronic biliary tract infections or bile sta-
sis. They are almost always associated with colonization of 
bile by E. coli, Bacteroides or Clostridium [88]. The stones 
are much more fragile than cholesterol or black pigment 
stones, crumbling readily when manipulated. Brown pig-
ment stones are usually found in the bile ducts where 
b-glucuronidase produced by bacteria hydrolyzes conjugated 
bilirubin to the free form, a hydrophobic solute that readily 
combines with calcium to produce a nidus for gallstone 
formation.

Lithogenic Factors in the Elderly

A multitude of factors is responsible for the increased inci-
dence of gallstones in the elderly. Ahlberg and associates 
demonstrated age-associated changes of biliary cholesterol 
saturation and bile acid kinetics in a group of nonobese,  
normolipidemic subjects known to be gallstone-free [89]. 
Specifically, this investigation was able to show a direct cor-
relation between advancing age and increasing cholesterol 
saturation of bile, presumably due to an increased rate of 
hepatic cholesterol secretion (Fig. 23.4). Additionally, bile 
acid synthesis and pool sizes were noted to decrease with 
advancing age (Fig. 23.5). Each of these changes contributes 
to the enhanced lithogenicity of bile in the elderly. In terms of 
whether changes in hepatocyte enzyme activity for HMG-CoA 

Table 23.5 Factors contributing to cholesterol gallstone formation

Cholesterol supersaturation
Cholesterol hypersecretion

Diminished bile acid pool
Ileal disease or resection

Nucleation
Mucin glycoproteins
Pronucleating substances: phospholipase C, fibronectin
Nucleation-inhibiting substances: apolipoprotein A1
Calcium concentration

Gallbladder dysmotility
Altered cholecystokinin (CCK) plasma levels or receptors
Neurohumoral influences: CCK somatostatin, estrogen
Vagolysis, mechanical or functional

Source: adapted with permission from Sherman and Brunicardi [1]
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reductase and 7-a-reductase influence lithogenicity, results 
have been inconclusive [89, 90].

To explore whether aging increases cholesterol super-
saturation of bile and gallstone prevalence, Wang studied 
age-related changes in hepatic and biliary lipid metabolism 
in gallstone-susceptible and resistant mice of varying ages 
[81]. The rats were fed a lithogenic diet for 8 weeks ,and 
then evaluated for gallstone prevalence, gallbladder size, 
biliary lipid secretion, and HMG-CoA reductase activity. 

These outcomes were all increased in the gallstone-susceptible 
mice. Furthermore, increasing age augmented biliary secre-
tion and intestinal absorption of cholesterol, reduced hepatic 
synthesis and biliary secretion of bile salts, and decreased 
biliary contractility, all of which increased susceptibility to 
cholesterol gallstones in susceptible mice. The research 
concluded that aging was an independent risk factor for 
cholesterol gallstone formation.

Furthermore, gallbladder stasis may play an active role in 
the formation of gallstones. Factors that may lead to gallbladder 
dysmotility in older patients include increasing saturation of 
bile with cholesterol, and altered sensitivity of the gallbladder 
smooth muscle to CCK. Reviews of CCK receptor stimulants, 
motilin agonists, and procholinergic agents provide encourage-
ment for emerging pharmacotherapy as treatment options for 
gallbladder hypomotility [85, 91].

Pancreas

Anatomy

The pancreas is a retroperitoneal organ in the upper abdomen, 
posterior to the stomach. During the fourth week of gesta-
tion, two buds develop from the duodenum, a hepatic diver-
ticulum and a dorsal bud. The anterior bud develops into the 
liver and biliary system, while the dorsal bud eventually forms 
the body and tail of the pancreas. During the 32nd week of 
gestation, the hepatic diverticulum gives rise to the ventral 
bud, which ultimately forms the uncinate process. It then 

Fig. 23.4 Relation between age and cholesterol saturation of bile. Open 
symbols denote women, and closed circles denote men (from Einarsson 
et al. [116]. © Massachusetts Medical Society, with permission)

Fig. 23.5 Relation between age and hepatic cholesterol secretion, total bile acid synthesis, and size of the cholic acid pool. Open circles denote 
women, and closed circles denote men (from Einarsson et al. [116]. © Massachusetts Medical Society, with permission)
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rotates 180° clockwise around the duodenum, and fuses 
with the dorsal pancreatic bud to form the mature pancreas. 
The main pancreatic duct of Wirsung, formed by fusion of 
the ventral duct and the distal portion of the dorsal pancreatic 
duct, drains most of the pancreas into the duodenum at the 
ampulla of Vater. The diameter of the main pancreatic duct is 
2.0–3.5 mm in healthy young adults [92]. The CBD joins 
with the main pancreatic duct at the ampulla of Vater and 
empties through the greater duodenal papilla. The proximal 
ductal system of the dorsal bud persists as the accessory pan-
creatic duct of Santorini, draining the superior portion of the 
pancreatic head via the lesser papilla into the duodenum 
proximal to the greater papilla.

Physiology

The pancreas has dual functions, both exocrine and endo-
crine. The exocrine activity is geared towards facilitating 
digestion, neutralizing gastric acid, and regulating intraintes-
tinal pH. Pancreatic endocrine activity is vital for glucose 
homeostasis. Because of the great functional reserve of this 
organ, 90% of pancreatic function can be lost before signs of 
insufficiency become clinically evident [93].

Exocrine Function

The exocrine pancreas accounts for approximately 85% of the 
total mass and produces 500 mL of secretions per day. The 
acinar cells of the pancreas secrete enzymes responsible for 
digestion, and centroacinar cells and the ductal system direct 
the exocrine secretions to the duodenum, modifying the elec-
trolyte concentration and water content of the pancreatic fluid 
as it passes. The acinar cells are innervated by the sympathetic 
and parasympathetic nervous systems. The parasympathetic 
system increases secretions, whereas the sympathetic system 
inhibits them [94]. The enzymes produced by the acinar cells 
include amylase (isoamylase type P), lipase, trypsinogen, 
chymotrypsinogen, procarboxypeptidases A and B, deoxyri-
bonuclease, ribonuclease, proelastase, and trypsin inhibitor.

Similar to gastric acid secretion, pancreatic juices are 
secreted in a cephalic, gastric, and intestinal phase. The 
cephalic phase accounts for 10–15% of meal-stimulated pan-
creatic secretion, and may be mediated by direct stimulation 
and increased gastric acid secretion in the stomach, which 
indirectly stimulates pancreatic secretion due to duodenal 
acidification and secretin release. The gastric phase also 
accounts for 10–15% of meal-stimulated pancreatic secre-
tion, and is due to gastric distention brought on by the 
ingested meal. The increase in gastric acid leads to duodenal 

acidification, which triggers the release of secretin. This, in 
turn, leads to pancreatic secretions aimed at raising the pH. 
Pancreatic secretions are alkaline, and have a pH that varies 
from 7.6 to 9.0, depending on the rate of bicarbonate secre-
tion from the ductal epithelium. This alkaline pH is neces-
sary to maintain the inactive proteolytic enzymes, and 
transport them to the appropriate acidic milieu of the duode-
num where they undergo activation. Secretin is the major 
stimulant for pancreatic electrolyte and water secretion, with 
CCK, gastrin, and peripherally released acetylcholine acting 
as weaker stimulants. Lastly, the intestinal phase is second-
ary to food and gastric contents entering the proximal intes-
tine, which again increases secretin release. Dietary fats and 
proteins in the duodenum also stimulate the release of CCK, 
which then stimulates acinar secretion. The intestinal phase 
is the most important determinant of pancreatic secretion.

In addition to the water and electrolyte secretions, the 
exocrine pancreas secretes major proteolytic enzymes, such 
as trypsin. It is initially secreted in an inactive form, but acti-
vated within the duodenum by increasing acidity and enter-
okinase, a hormone produced by duodenal mucosa. Only 
amylase is secreted directly from the acinus in an active 
form. The other enzymes are initially secreted as inactive 
proenzymes, requiring trypsin and the acidic environment of 
the duodenum for activation. Inappropriate early activation 
of enzymatic action can result in autodigestion of the pancre-
atic substance, as may be seen in acute pancreatitis. The pro-
tein, fat and carbohydrate constituents of diet alter the 
absolute amount and ratio of enzymes secreted. Regulation 
of enzyme secretion is primarily through the hormone CCK 
and acetylcholine. Secretin, vasoactive intestinal peptide 
(VIP), and pancreatic islet hormones weakly stimulate acinar 
secretion [93].

Endocrine Function

The main physiologic function of the endocrine pancreas is 
the regulation of energy through the hormonal regulation of 
carbohydrate metabolism. This is achieved via the islets of 
Langerhans, clusters of specialized endocrine cells which 
are scattered throughout the exocrine tissue. Most islets 
contain approximately 3,000–4,000 cells, consisting of 
four major cell types: alpha cells which secrete glucagon, 
beta cells which secrete insulin, delta cells which secrete 
somatostatin, and PP or F cells which secrete pancreatic 
polypeptide.

The predominant and most studied pancreatic hormone is 
insulin. Insulin secretion occurs in response to elevated blood 
glucose levels, and is suppressed by hypoglycemia. Insulin 
secretion is greater in response to orally administered  glucose 
than intravenous glucose, even when serum glucose levels 
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are equal. Insulin secretion occurs in two phases, the first 
being the release of stored insulin. The second phase is lon-
ger and related to the sustained release of newly produced 
insulin. Type I diabetes results from a combination of 
genetic, environmental and autoimmune factors ,which lead 
to selective destruction of b-cells. The endocrine tissue of the 
pancreas has excellent reserve, thereby requiring destruc-
tion of at least 80% of the tissue before clinical manifesta-
tions are evident.

Insulin binds to specific membrane-associated glycopro-
tein receptors that effect an increase in membrane-bound 
glucose transporters (GLUT-1 to GLUT-5), thereby facilitat-
ing glucose transport from the blood into cells. Skeletal 
 muscle accounts for the majority of insulin-mediated glucose 
uptake, and impaired insulin action at the level of the muscle 
is the cause of insulin resistance in type II diabetes [95]. 
In the liver, insulin facilitates glycogen deposition, while 
inhibiting gluconeogenesis and glycogenolysis, resulting in 
a net increase in glucose uptake. Insulin also promotes lipo-
genesis and protein synthesis. As part of the insulin resis-
tance syndrome, malfunction of insulin at the level of the 
liver can lead to abnormal lipid accumulation in hepatocytes, 
leading to nonalcoholic steatohepatitis (NASH) [96].

Glucagon’s purpose is to counteract the effects of insulin 
and increase the concentration of blood glucose. Similar to 
insulin, glucose is the primary regulator of glucagon secre-
tion, although with glucagon, it causes an inhibitory effect. 
Furthermore, insulin and somatostatin also serve as negative 
regulators of glucagon secretion. Secretion is stimulated by 
hypoglycemia, acetylcholine, and generalized stressed states 
such as occur with infection, trauma, or inflammation. 
Glucagon promotes an elevation of blood glucose levels, 
with mobilization of intracellular fuels by hepatic glycog-
enolysis, gluconeogenesis, ketogenesis, and lipolysis. It is 
the provision of metabolic fuels during times of stress, that 
resulted in glucagon being grouped with epinephrine, corti-
sol, and growth hormone as stress hormones.

Endocrine release of somatostatin occurs during a meal, 
in response to intraluminal fat. However, its exact role in the 
pancreas remains unclear, but it has been shown to inhibit the 
release of almost all peptide hormones, and to inhibit gastric, 
pancreatic, and biliary secretion. Some researchers have sug-
gested that somatostatin may regulate adjacent islet cell 
functions, but this has not been proven in vivo. The potent 
inhibitory effects of somatostatin and octreotide, a long-
acting synthetic analogue, have been used to treat a variety of 
endocrine and exocrine disorders.

Pancreatic polypeptide’s (PP) most important roles may 
be as a mediator of the hepatic response to insulin. It has 
been demonstrated that abnormal glucose homeostasis asso-
ciated with PP deficiency in patients with chronic pan-
creatitis is due to impaired suppression of hepatic glucose 
production by insulin [97]. This relative hepatic resistance 

to insulin is a consequence of diminished insulin receptor 
concentration, rather than altered receptor affinity, and can 
be ameliorated by administration of PP [98]. This mecha-
nism of glucose metabolism has been further clarified by 
studies suggesting that hepatic insulin resistance in chronic 
pancreatitis is due to impaired transcription of the insulin 
receptor gene. Additionally, PP increases hepatic insulin-
binding sites perhaps by upregulating insulin receptor gene 
expression [99]. PP is known to inhibit pancreatic exocrine 
secretion, choleresis, and motilin release [100]. PP release 
is augmented by cholinergic stimulation, with the normal 
postprandial rise in PP levels being ablated by vagotomy, 
antrectomy, or both [93].

PP is part of the polypeptide-fold family of peptide hor-
mones, along with the central nervous system peptide, neu-
ropeptide Y and peptide tyrosine-tyrosine (PYY). Each of 
these is believed to play an important role in the regulation of 
appetite. PP was the first of these hormones to be isolated, 
from an impure insulin extraction. PP functions as a compo-
nent of the “ileal brake” since it acts in various ways to slow 
the transit of food through the gut. It delays gastric empty-
ing, attenuates pancreatic exocrine secretion, and inhibits 
gallbladder contraction [101]. The role of PP in obesity is 
undergoing increasing investigation. Preliminary data sug-
gest that PP reduced postprandial secretion is associated with 
obesity, whereas elevated postprandial levels of PP are found 
in patients with anorexia nervosa [102].

Pancreatic Anatomy in the Elderly

The pancreas undergoes an aging process resulting in minimal 
amounts of atrophy, fatty infiltration, and fibrosis. One of the 
main age-related changes occurs with ductal anatomy, spe-
cifically an increase in the caliber of the main pancreatic duct 
and ectasia of branched ducts. One review by Kreel and 
Sandin of in situ retrograde pancreatography at necropsy in 
120 subjects older than 30 years revealed the main pancreatic 
duct width to increase with age at a rate of 8% per decade[103]. 
Regardless, the pancreatic duct was not found to be more than 
3 mm, which if detected, should be considered a pathologic 
finding and not solely age-related [104]. Acinar atrophy, an 
increased amount of intralobular fibrosis and fatty infiltration, 
and calcified pancreatic ductal calculi seem to be common 
findings in the pancreas over the age of 70 [105]. Because of 
the increasing frequency of intercurrent disease states and 
degrees of malnutrition in the elderly, the proportion of these 
morphologic changes that are due to age alone vs. pathology 
has yet to be determined. In summary, the morphologic 
changes of the aging pancreas can be considerable, requiring 
clinicians to take caution when interpreting ERCP and com-
puted tomography (CT) findings in the elderly (Table 23.6).
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Aging of the Exocrine Pancreas

Conflicting data exists as to the change in pancreatic exo-
crine function with aging. For instance, Laugier determined 
that patients over 65 years of age demonstrated a decrease in 
the volume and bicarbonate output of pancreatic secretion, 
and the concentrations of pancreatic protein and lipase in 
response to stimulation from secretin and CCK stimulation 
[106]. In contrast, Gullo and associates failed to show any 
decrease in bicarbonate, trypsone or lipase in response to 
continuous stimulation in elderly patients when compared to 
younger controls [107]. Regardless of the contrasting results, 
the clinical significance of age-related changes in exocrine 
function is limited to a decrease of 10–30%. Therefore, the 
presence of steatorrhea in the elderly patient must be consid-
ered outside of expected aging, and in the greater scope of 
other pathologies such as intraductal papillary mucinous 
neoplasms, or pancreatic carcinoma [108].

Insulin Resistance in the Elderly

It has long been recognized that persons over 60 years of age 
more commonly exhibit dysfunction of glucose regulatory 
mechanisms in response to a glucose challenge. Minimal 
morphologic alteration occurs in the aging endocrine pan-
creas, but a number of functional tests suggest progressive 
impairment of glucose tolerance in the elderly [109]. Clinical 
studies show an age-related increase in fasting blood glucose 
levels of about 1–2 mg/dL per decade, which may be less 
marked in lean, physically active individuals [110]. The 
prevalence of diabetes over the past decade has increased 
enormously, largely due to a concomitant rise in the preva-
lence of obesity. As the aging population continues to grow 
and their life expectancy increases, so too does the rate of 
diabetes. Currently, about 20% of patients over 65 years suffer 
from diabetes [111].

Type II diabetes results from a multifactorial, progressive 
disease state and decompensation. The spectrum begins with 
glucose intolerance and progresses to frank diabetes, once 
the b-cell can no longer compensate for peripheral hormone 
resistance. Numerous changes associated with aging may 
contribute to this. Proposed mechanisms include altered 
insulin metabolism (depressed secretion, increased clearance, 
or diminished prohormone activation), increased resistance 
of peripheral tissues to insulin (receptor aberration, altered 
postreceptor pathways, or altered glucose transporter), and 
loss of hepatic sensitivity to insulin, causing reduced glyco-
genesis, increased glucagon levels, and an age-associated 
increase in adipose tissue [112]. Studies which have specifi-
cally examined age-related effects on b-cell function have 
demonstrated variable results. This may be due to the small 
magnitude of the age effect, different techniques of measure-
ment and the presence of confounding factors such as obesity.

Current theories involving aging and insulin secretion 
highlight the interplay between a decreased b-cell secretory 
function, and failure of peripheral glucose uptake mecha-
nisms. The number and affinity of insulin receptors are simi-
lar across the spectrum of age groups. Therefore, in the 
absence of other risk factors, insulin resistance in the elderly 
is also due to impairments at the postreceptor level and b-cell 
dysfunction. A number of age-related effects on b-cells is 
known, such as decreased sensitivity to incretins and impaired 
compensation to insulin resistance, thereby predisposing older 
people to develop impaired glucose tolerance and diabetes 
[113]. Future studies aimed at delineating b-cell function 
may shed additional light on the subject.

Glucagon

Little is known about glucagon metabolism and actions in the 
elderly. Berger and associates reported that fasting plasma 
glucagon levels are significantly higher after age 30, when 
compared to those of a younger cohort [110]. However, after 
age 30, plasma glucagon levels did not significantly increase 
with advancing age. These findings are compared with those 
from the more recent work of Simonson and DeFronzo,who 
showed no correlation between advancing age and glucagon 
levels in 111 subjects aged 21–75 years [114]. Additionally, 
this study demonstrated no difference in glucagon concentra-
tions or clearance in young and old subjects receiving gluca-
gon infusion, but hepatic sensitivity to the hormone appeared to 
be enhanced in the older age groups. Although the mechanism 
for this effect is not known, heightened hepatic sensitivity to 
glucagon in the elderly may be one of several factors contrib-
uting to progressive glucose intolerance of aging. Although 
some follow up studies have confirmed no age-related changes 
in glucagon concentrations, other studies have shown reduced 
and elevated glucagon levels in the elderly [115].

Table 23.6 Morphologic and physiologic changes 
observed in the aging pancreas

Parameter Change

Organ size ↓
Ductal size ↑
Acinar glands ↓
Pancreatic lithiasis ↑
Exocrine function No change
Glucose tolerance ↓
Glucagon levels ↑ ?
Pancreatic polypeptide levels ↑
↑ increased; ↓ decreased; ? not proven or consistent
Source: adapted with permission from Sherman and 
Brunicardi [1]
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Abstract Neurologic changes, particularly cognitive changes, 
are common disease-related conditions in older adults. 
Cognitive impairment, most often caused by Alzheimer’s dis-
ease, is easily overlooked. Patients typically look normal and 
may not recognize deficits. Families may attribute symptoms 
of dementia to normal aging. Such patients are at increased 
risk for peri-operative complications, specifically, delirium. 
Establishing a baseline, preoperative mental status is essential 
for managing the often difficult recovery from major surgery. 
Knowing that a patient is demented and at increased risk for 
delirium prepares the patient, family, and healthcare team, and 
may even provide a contraindication for surgery. Inquiring 
about changes typical of memory and cognitive disorders, such 
as repeating, misplacing, relying more on notes and calendars, 
forgetting names of familiar persons, forgetting medications, 
and getting lost driving may suggest an underlying dementia. 
Simple bedside testing focusing on the patient’s ability to learn 
and remember new information and to follow instructions is 
key to the mental status examination. Additional neurologic 
evaluation, including visual fields, extraocular movements, 
speech, facial symmetry, gait, and drift testing are simple, high 
yield, reproducible, and readily identify deficits, efficiently 
enhancing your neurologic assessment.

Keywords Neurologic • Cognition • Cognitive • Dementia  
• Alzheimer’s • Delirium • Memory • Mental status • Visual 
fields • Extraocular movements • Speech • Gait

Introduction

Changes are often observed in the central and peripheral 
nervous system of older adults. Most of these, however, 
are not a natural part of aging, but rather are the result of 

age-related disease affecting the nervous system, either 
directly or indirectly. Both central and peripheral nervous 
systems are tremendously dynamic and capable of maintain-
ing good function throughout life. In the peripheral nervous 
system, common problems, such as peripheral neuropathy, 
are the result of associated disease, such as diabetes. Limitation 
in motor function may be related to problems with bones, 
joints, and connective tissue. Healthy nerves and muscles 
work well into late life. Similarly, a healthy brain functions 
well, even in late life. If one compares the nervous system to 
other organ systems, it is most like blood; responding rapidly 
to changes in the environment, and with a high turnover of its 
constituent proteins. Though neurons have a low rate of turn-
over, their cell membranes are constantly being remodeled.

While the integrity of the motor and sensory pathways of 
the peripheral nervous system may influence rehabilitation, 
it is impairment in brain function, and specifically, cognitive 
function, that is most likely to manifest as problems in surgi-
cal practice. Cognitive impairment is common in older adults 
[1, 2], affecting as many as 1/3 of persons age 70 and older. 
The incidence may be higher in persons with cardiovascular 
disease as vascular risk factors increase the likelihood of 
Alzheimer’s disease (AD) [3–5]. Certainly, the risk of delir-
ium is highest in those that already have impaired brain func-
tion [6], and delirium may even accelerate the rate of decline 
in AD [7].

It cannot be overstated that older adults with cognitive 
impairment, including many persons who have moderately 
severe dementia, may look normal. They interact appropri-
ately, attend to conversations, give plausible – though typi-
cally inaccurate – histories, and may deny or minimize any 
cognitive problems. Families also may not report concerns, 
chalking up cognitive deficits to old age, reluctant to speak in 
front of the patient, or simply denying the problem. Without 
cognitive testing, a physician cannot know the integrity of a 
patient’s mental status. Fortunately, some simple bedside 
tests can provide important clues to the presence of cognitive 
impairment. Prior to an operation when a patient is at base-
line, the important questions are: Can the patient learn and 
remember new information? Can he/she follow complex 
instructions? If the answers are yes, the patient is reasonably 
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cognitively intact, and the physician can give that patient 
advice – and write him or her a prescription. If the answers 
are no, it is unreasonable of the physician to make that patient 
responsible for the physician’s advice and directions. Such 
patients are not noncompliant. They do not have the option 
of complying because of brain disease.

Given that sometimes dramatic postoperative cognitive 
changes in patients are observed by families, alerting the 
patient and family to an increased likelihood of such changes 
in a vulnerable patient prepares them, and may protect the 
physician and staff from angry reproaches. Trying to estab-
lish a pre-existing dementia after surgery may be difficult, 
and even seen by the family as an attempt to shift blame. 
Simple baseline cognitive screening may prepare the clinical 
team, patient and family for the often challenging recovery 
of the cognitively impaired patient. In some cases it may 
even provide a strong relative contraindication to surgical 
intervention.

A Brief History of Dementia

The origin of the distinction between AD and senile demen-
tia is beautifully reviewed by Amaducci et al. [8]. Briefly the 
syndrome of “senile dementia” first came to light in the med-
ical literature in Germany in the mid 1800s. In 1892, micro-
scopic senile plaques, now called amyloid plaques, were first 
described and, in 1907, were correlated with dementia in 
older adults. In the same year, Alois Alzheimer described the 
case of Frau D, a woman in her 50s who developed dementia. 
Using Nissl’s then new staining methods, Alzheimer was the 
first to report neurofibrillay tangles in the brain of a demented 
person. He also observed abundant senile plaques. His rivals, 
using the new staining methods, later identified neurofibril-
lary tangles in their cases of senile dementia (Fig. 24.1). 
It was known, therefore, from near the time of Alzheimer’s 
first report, that both his case of a middle aged woman with 

dementia, and the cases of senile dementia both had the 
hallmark plaques and tangles that define AD neuropathologi-
cally. The head of Alzheimer’s department in Munich, 
Kraepelin, a prominent and powerful neuroscientist of his 
day, believed that Alzheimer’s case represented a distinct 
disease entity. Alzheimer was persuaded, and “presenile 
dementia,” or AD, was born. In fact, numerous subsequent 
series revealed that senile vs. presenile dementia could not 
be distinguished either clinically or neuropathologically. 
Still, because of this early distinction, AD was defined as a 
rare disease of midlife, while senile dementia was tacitly 
accepted as reflecting the inexorable march of time, a normal 
process of aging.

An interesting aside is that, in the early 1900s, when 
senile and presenile dementia were defined, the most com-
mon cause of dementia was syphilis. Because neuropsyphilis 
is associated with vascular infiltration of meningeal vessels, 
it was imperative that any publication on dementia in the 
preantibiotic era carefully address the brain’s blood vessels. 
Apparently, neither Alzheimer nor his rivals in the senile 
dementia camp believed that cerebrovascular disease, apart 
from syphilitic vasculitis, was a significant contributor to 
dementia.

In the late 1960s, Tomlinson et al. published a series of 
manuscripts, including two seminal works, “Observations 
on the Brains of Non-Demented Old People” [9], and 
“Observations on the Brains of Demented Old People” [10]. 
They concluded that the clinical distinctions between 
demented and nondemented older adults rested upon the 
quantity of pathology, most specifically, plaques, tangles, 
and cerebrovascular disease. In their demented cohort, 50% 
had the pathology of AD, 8–18% had mixed AD and cere-
brovascular (CVD) pathology, and 12–15% had predomi-
nantly CVD. Among females, 15/16 had AD changes, while 
only 10/34 males had AD changes. They concluded further, 
that “Arteriosclerotic dementia is almost certainly overdiag-
nosed clinically.” Given the advances in treating cerebrovas-
cular disease since the 1950s and 1960s – better control 

Fig. 24.1 Senile (amyloid) plaques (left), a neurofibrillary tangle (NFT; 
middle), and a plaque with surrounding intraneuronal NFTs and normal 
appearing neurons (right). Note difference in magnification. Plaques are 

relatively large, extracellular structures. NFTs are intraneuronal, though 
they may be extruded after the neuron dies. Plaques and NFTs are the 
pathological hallmarks of Alzheimer’s disease (AD)
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of hypertension, hyperlipidemia, and diabetes, and less 
smoking – the relative contribution of CVD to dementia has 
decreased, while that of AD has increased. Equally impor-
tant, the authors reported that brain weight and ventricular 
size did not vary greatly between healthy older adults and 
younger age groups, and cerebral atrophy was slight or absent 
in the healthy elderly (Fig. 24.2). It should be noted that the 
commonly seen age-related “atrophy” seen on neuroimaging 
often is not evident to the pathologist examining the fixated 
brain. True atrophy on neuroimaging is more likely if the 
volume loss is focal in nature, e.g., the mesial temporal lobe 
in AD [11], or the cerebellar vermis in alcoholism.

The Rediscovery of Alzheimer’s Disease  
and the Cholinergic Hypothesis

Despite the reports of Tomlinson et al. in the late 1960s, for 
many years AD was still largely considered a rare disease 
of mid-life, distinct from the “normal” brain aging of senile 
dementia. The situation began to change, beginning in the 
mid 1970s and into the early 1980s, because of several 
discoveries: (1) Anticholinergic medications were found to 
impair memory [12] (Table 24.1); (2) Choline acetyl trans-
ferase (CAT), the enzyme responsible for generating acetyl-
choline (ACh), is deficient in the brains of persons with AD 
[13]; (3) The basal forebrain nuclei sends projections 
throughout the neocortex and to the hippocampus, providing 
virtually all of the brain’s ACh [14]; and (4) The basal 

forebrain nuclei degenerate in AD [15]. The excitement over 
these discoveries was obvious to neurologists, since the 
situation appears directly analogous to Parkinson’s disease 
(PD). Like PD, AD is a slowly progressive degenerative brain 
disease. The differences between PD and AD were simple: 
(1) Instead of dopamine (DA), the deficient neurotransmitter 
is ACh; (2) Instead of a pool of neurons in the substantia 
nigra, the pool of neurons is in the basal forebrain; (3) Instead 
of motor symptoms, there are memory and cognitive symp-
toms; and, most importantly, (4) Instead of good treatment, 
there was no treatment. By the early 1980s, L-DOPA therapy 
had revolutionized the treatment of PD, and new ways to 
better replace deficient DA were moving the field forward. It 
stood to reason that the same strategy to replete a diminished 
neurotransmitter – in this case, ACh – would have a similar 
magnitude of benefit to the symptoms of AD. The early and 
mid 1980s saw an explosion of interest in AD in anticipation 
of good treatments based on this cholinergic hypothesis 
(Fig. 24.3).

While the cholinergic hypothesis indeed may be valid, 
effectively increasing the level of ACh in the brain is much 
more difficult than increasing the level of DA. The CAT 
enzyme is not a rate-limiting step in ACh synthesis, and pre-
cursor loading with choline, unlike with L-DOPA, is not an 
effective strategy to increase ACh neurotransmitter levels. 
Direct stimulation of ACh receptors, unlike DA receptors, 
also provides little benefit. Blocking ACh esterase with 
cholinesterase inhibitors (CIs; e.g., donepezil – Aricept®, 
galantamine – Razadyne®, and rivastigmine – Exelon®) does 
prolong the effect of ACh in the synapse, but the effects are 

Table 24.1 Medications with moderate to high CNS anticholinergic 
effects commonly used in the elderly

Common indications for 
medications

Common medications with CNSa 
anticholinergic effects

Peri-operative adjuncts 
(multiple indications)

Atropine, hydroxyzine, hyoscyamine, 
scopolamine

Sedation, sleep Diphenydramine, amitryptiline, nortrip-
tyline, doxepin

Bladder urgency Oxybutynin, hyoscyamine
Nausea, diarrhea, irritable 

bowel
Chlorpromazine, scopolamine, dicyclomine, 

hyoscyamine
Agitation; psychotic 

disorders
Olanzapine, chlorpromazine, clozapine, 

thioridazine
Depression, anxiety Paroxetine, amitryptiline, nortriptyline, 

doxepin
Allergies, pruritis Diphenhydramine, hydroxyzine, doxepin
Chronic pain Amitryptiline, nortriptyline

Anticholinergic drugs impair memory and cognition, as well as drying 
secretions, blocking smooth muscle contractions (bladder and bowel), 
and blocking vagally mediated slowing of the heart. Illness, other stressors, 
and concomitant medications may increase the brain’s permeability to 
drugs, including anticholinergic drugs with typically low CNS pene-
trance, e.g., tolterodine and ranitidine
a CNS central nervous system
Source: Data from Chew et al. [39]

Fig. 24.2 Coronal section of healthy brain vs. brain with advanced 
AD. Note the marked atrophy of mesial temporal lobe (hippocampus) 
in AD (arrows). Cell loss is a late feature of AD. The gross anatomy of 
the brain in early AD may not be distinguishable from healthy brain. 
© 2010 Alzheimer’s Association. www.alz.org. All rights reserved. Image 
credit: Jannis Productions. Stacy Jannis. Reprinted with permission
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modest and analogous to a third or fourth line treatment in 
PD. In contrast to DA levels, which remain fairly constant in 
the brain throughout the circadian cycle, ACh levels change 
significantly during waking, non-REM and REM sleep. This 
makes ACh levels, unlike DA levels, a moving target, and 
may explain in part the limited effect of cholinergic treat-
ment strategies.

Alzheimer’s Disease and Dementia Today

While the cholinergic hypothesis did not lead to a major 
treatment advance, once we began looking for AD in antici-
pation of effective treatments, it became evident that the dis-
ease affects millions of people and costs billions of dollars. 
Indeed, the estimates for 2010 are that 5.3 million people in 
the United States have at least the early symptoms of AD 
[16], with care costs of $172 billion, including $123 billion 
for Medicare and Medicaid [17]. Healthcare costs for per-
sons with AD are three times that of comparable older adults 
without AD (Fig. 24.4) [18]. While rare before the age of 65, 
the incidence of AD basically doubles every 5 years thereaf-
ter [19]. With the rapidly growing population of older adults, 
a huge growth in AD and related dementia is inevitable. It 
has become clear that, despite early failures, we must find 
ways to address this disease.

Much has been learned about AD and, indeed, it is one of 
the most active areas of scientific research. The dominant 
hypothesis in AD research today is the beta-amyloid hypoth-
esis which states that AD is the result of the accumulation of 
beta amyloid (Ab [A-beta]), causing neuronal dysfunction 

and eventually cell death [20]. Ab is the cleavage product 
of the amyloid precursor protein (APP), one of the most 
abundant of brain proteins (Fig. 24.5). All of the nearly 200 
known mutations which cause familial AD (FAD), all auto-
somal dominant disorders, involve point mutations on either 
the APP protein in or near the Ab portion of the molecule, or 
in the protein presenilin, the key molecule in the gamma 
secretase complex which generates of Ab from APP 
(Fig. 24.6) [21]. Persons with Down’s syndrome, in which 
trisomy 21 yields three copies of the gene for APP, invariably 
develop the plaques and tangles of AD [22]. Of the three 
ApoE alleles, ApoE 4 is associated with decreased clearance 
of Ab and significantly increases the risk of developing 
AD [23]. There are no other proven genetic risk factors for 
AD that do not directly involve the production and/or clear-
ance of Ab. Still, effective pharmacological therapy has been 
elusive.

There are, of course, other forms of dementia, but AD 
deserves special attention. Not only is it the most common 
cause of dementia in older adults, it is the easiest to overlook. 
Unlike dementia associated with cerebrovascular disease or 
parkinsonian syndromes – the other most common etiologies 
of dementia (Fig. 24.7) – with AD there typically are no 
other indicators of brain disease. AD also reflects a funda-
mental characteristic of the brain:healthy brain cells adapt 
and survive, sick brain cells malfunction and die. Dementia 
is the result of sick brain cells. The determination of brain 
health, even after serious injury, depends primarily upon the 
number of healthy neurons remaining. All physicians have 
seen dramatic brain injuries due to stroke, trauma, infection, 
or tumors from which patients make amazing recoveries 
after treatment. Given enough time to accommodate the 
insult, the brain even learns to function remarkably well in 
the face of otherwise lethal toxins, whether endogenous or 
exogenous. All of these injuries are extrinsic to the brain. 
When the lesion involves the brain’s cellular machinery, 
however, recovery is compromised. If the disorder spreads 
across the brain, dementia is inevitable.

Fig. 24.3 The cholinergic hypothesis of AD: Cholinergic neurons in 
the basal forebrain (BF) project to frontal (FC), parietal (PC), and 
occipital cortex (OC), as well as to the hippocampus (H), providing 
virtually all of the acetylcholine (ACh) for the brain. ACh is crucial for 
memory and cognitive function and is deficient in AD. Neurons in the 
BF degenerate and die in AD. Adapted from McNeil [40]

Fig. 24.4 Healthcare costs among older adults with comparable health-
care problems except for dementia. Dementia as a co-morbidity triples 
healthcare costs. Most of the excess cost is in hospitalizations. Most of the 
remainder is in long term care costs. From the Alzheimer’s Association 
[41]. www.alz.org. All rights reserved. Reprinted with permission
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Fig. 24.5 Processing of the 
transmembrane amyloid 
precursor protein (APP).  
a alpha secretase; b beta 
secretase; g gamma secretase; 
aa amino acid; sAPP soluble 
APP (fragment); CTF 
C-terminal fragment. Ab and 
p3 are cleavage products. Ab 
is believed to play a pivotal 
role in the pathogenesis of 
AD (courtesy of Dr. Sylvain 
Lesne, Department of 
Neuroscience, University of 
Minnesota, Minneapolis MN)

Fig. 24.6 Presenilin, the APP and the genetics of Familial AD. Each 
circle is an amino acid. The red circles indicate point mutations associ-
ated with a known kindred with Familial Alzheimer’s Disease (FAD). 
The blue strand is the presenilin molecule, a key component in the g 
(gamma) secretase complex. The green strand is the Ab [A-beta] part 

of the APP. Additional kindreds identified since this diagram was 
made also have point mutations in one of these two molecules. The 
presenilin molecule creates a pore in the membrane – not evident in this 
two dimensional representation – surrounding APP at the cleavage site 
(reprinted with permission from Hardy and Selkoe [21])
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Most forms of dementia in older adults lack a clear 
premorbid biomarker. Diagnostic criteria, such as outlined 
by the DSM-IV [24], provide guides to reasonably good pre-
morbid diagnostic accuracy, particularly in the later stages of 
disease. Identifying dementia in its early, even incipient 
stages, is important to identify those patients at increased 
risk for delirium in the hospital setting. Diagnosis naturally 
is less accurate the more ambiguous the clinical findings, 
which is the case in the early stages of most progressive 
dementias. Agreement amongst several experts – a consen-
sus diagnosis – is the gold standard for defining cognitive 
impairment in older adults. The Geriatric Research, Education 
and Clinical Center (GRECC) at the Minneapolis VA 
Healthcare System operationalized the published criteria for 
various types of cognitive impairment, and attempted to 
apply them rigorously to patients evaluated in a dementia 
clinic, and reviewed in a consensus diagnosis conference. 
The results (Table 24.2) reveal not only the numerous eti-
ologies that must be considered, but also the preponder-
ance of neurodegenerative diseases in general, and AD or 
incipient AD, as reflected in the diagnosis of mild cognitive 
impairment (MCI), in particular. While these results are 
skewed by the nature of the population – referral based, pre-
dominantly Caucasian and male – they accurately reflect the 
effort that is involved in correctly diagnosing cognitive 
impairment in older adults.

The Clinical Evaluation of Cognitive 
Impairment in Older Adults

Arriving at a specific diagnosis for cognitive impairment in 
older adults is most often the purview of a dementia special-
ist. Recognizing the symptoms of cognitive impairment and 
gauging the severity, are reasonable and necessary skills for 

every physician. The broad etiologies of brain disease – 
degenerative, vascular, infectious, traumatic, neoplastic, 
toxic/metabolic (T/M) – also should be familiar to every 
physician, as this determines to large extent the relative 
urgency of the evaluation. Failure to recognize baseline cog-
nitive impairment in an older patient often leads to the emer-
gent evaluation of a potentially unstable patient postoperatively 
for a disease that could have been evaluated electively prior 
to surgery.

The History

The first question the physician should ask any older adult 
seen in the office setting is, “Did you come with anyone?” 
Often, a family member is in the waiting room, assuming, or 
at least hoping, that the doctor will identify a cognitive prob-
lem. The patient often will deny or minimize a cognitive 
problem, and genuinely may not recognize it in themselves. 
When family members are available, it is important for the 
physician to establish full control over the interview and 
examination from the outset. Family members often are reti-
cent to discuss concerns about the patient’s cognition in front 
of the patient, but practically and ethically the patient should 
be present. Not only does the patient have a right to know 
what is discussed, but the patient’s full involvement in the 
process is necessary to building the trust essential for ther-
apy, particularly surgery. A patient may be demented, but 
they know whom they trust. Treat cognitive disorders in a 
matter-of-fact manner. They are common in older adults, and 
it is not only reasonable, but essential that the physician 
inquire about them.

In the interview, do not let the patient sit across from family 
members. The nonverbal communication between them will 
compromise the history provided by the family, which 
already may be difficult to elicit. Give the patient his/her 
chance, but if the history seems overly long, tangential or 
confusing, do not waste time with a potentially unreliable 
historian. With the patient’s permission, direct questions to 
the family. If the patient interrupts, remind him/her that they 
have had their chance, and re-direct the interview.

For family that does not live with the patient, the first 
question is, “How often do you see your [mother, father, 
etc.]?” Clearly establish their familiarity with the patient in 
the recent past. A given family member may be present only 
because of the potential for major surgery, and otherwise 
may have had little recent contact with the patient. Someone 
who knows the patient well is the necessary informant. 
When asking if the patient has any problems with thinking 
or memory, do not dismiss a response such as, “No more 
than anyone his/her age.” Age is a risk factor, not a cause of 
cognitive decline. Clarify the question by asking when the 

Fig. 24.7 Neuropathologically confirmed etiologies of dementia in 
older adults. AD Alzheimer’s disease; CVD cerebrovascular disease; 
LBD Lewy body disease (courtesy of Dr. David S. Knopman, 
Department of Neurology, Mayo Clinic, Rochester, MN)



Table 24.2 Compilation of diagnoses generated in the Minneapolis VA Healthcare System Geriatric Research, Education and Clinical Center 
(GRECC) Memory Loss Clinic through consensus diagnosis using published criteria

Consensus diagnosis – all cases

Etiologies of cognitive impairment (CI)

Primary etiology Secondary etiology(s)

Number of patients % of total % with secondary causes Frequency as secondary cause

Neurodegenerative disease 342 83.4 17.8 9
Mild cognitive impairment 55 13.4 12.7 4

Possible 13 3.2 23.1 4
Probable 41 10.0 7.3 0

Alzheimer’s disease 249 60.7 17.4 4
Possible 52 12.7 21.2 3
Probable 196 47.8 16.3 1

Frontotemporal dementia 15 3.7 20.0 1
Possible 7 1.7 42.9 1
Probable 6 1.5 0.0 0

Pick-like 2 0.5 0.0 0
Primary prog. aphasia/language variant 5 1.2 0.0 0
With motor neuron disease (ALS) 0 0.0 – 0

Diffuse Lewy body disease 14 3.4 35.7 0
Possible 8 2.0 37.5 0
Probable 6 1.5 33.3 0

Parkinson’s disease 3 0.7 66.7 0
Progressive supranuclear palsy 1 0.2 0.0 0
Multiple system atrophy 3 0.7 33.3 0
Corticobasal degeneration 2 0.5 0.0 0
Huntington’s disease 0 0.0 – 0

Vascular disease 10 2.4 70.0 16
Possible 1 0.2 0.0 13
Probable 9 2.2 77.8 3

Psychiatric disorder 14 3.4 93.3 28
Depression 12 2.9 100.0 21
Anxiety 1 0.2 0.0 8
Psychotic disorder 0 0.0 – 0
Other psychiatric disorder 1 0.2 100.0 4

Sleep disorder 1 0.2 100.0 25
Obstructive sleep apnea 1 0.2 100.0 21
Other sleep disorder 0 0.0 – 8

Toxic/metabolic conditions 7 1.7 42.9 24
Alcohol 0 0.0 – 9

Possible 0 0.0 – 8
Probable 0 0.0 – 1
Korsakoff’s (B1/thiamine deficiency) 0 0.0 – 0

Drugs/medications 5 1.2 60.0 11
Thyroid disease 0 0.0 – 0
Other toxic/metabolic 2 0.5 0.0 4
B12/folic acid deficiency 0 0.0 – 2

Infection 0 0.0 – 0
HIV 0 0.0 – 0
Creutzfeldt-Jacob disease 0 0.0 – 0
Postinfectious 0 0.0 – 0
Other infections 0 0.0 – 0

Trauma 5 1.2 40.0 3
Traumatic brain injury 5 1.2 40.0 2
Subdural hematoma 0 0.0 – 0

NPH 1 0.2 0.0 3
Neoplasm 0 0.0 – 0
Other (DEM-NEC) 0 0.0 – –
Etiology unknown (DEM-NOS) 19 4.6 36.8 –
No cognitive impairment 11 2.7  
Total 410 100.0
Note the preponderance of neurodegenerative etiologies in general, and Alzheimer’s disease specifically. Mild Cognitive Impairment is included 
as a neurodegenerative disorder only when the consensus is that the patient is likely to progress to full blown neurodegenerative dementia. 
Degenerative dementias when present are felt most often to be exclusively responsible for the dementia syndrome. Other dementia etiologies are 
more often secondary, not primary, causes
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patient’s thinking and memory was last completely normal 
for him/her – 100%, no problems. If a cognitive problem is 
present, be aware that families tend to report when things 
got bad. The question is not when they got bad, but when 
they started. Onset and course are the key to establishing a 
neurological diagnosis. The further back the onset of symp-
toms can be pushed, the more likely it is a degenerative 
brain disease. Symptoms that began insidiously, have been 
apparent for at least 6 months and preferably longer, and 
have been only gradually progressive, are almost invariably 
due to a degenerative dementia. In contrast, sudden onset 
and improving or static symptoms characterize a stroke or 
head injury; somewhat less acute but progressive symptoms 
(hours–days, rarely weeks) may suggest infection; sub-acute 
onset and progression (weeks–months) may indicate a 
slowly growing mass lesion, typically accompanied by 
headache and/or focal neurological deficits; and a fluctuat-
ing course is most commonly seen in toxic and metabolic 
conditions.

When investigating the syndrome of memory loss, much 
like investigating any other chief complaint, there are specific 
questions that need to be addressed. Open ended questions, 
particularly when patient and family are together, may lead 
to a replay of a disagreement that does little to clarify the 
situation. More constructive are simple, direct questions that 
typify the nature of most dementing illnesses: Does the 
patient repeat? Misplace? Rely more on notes and calendars? 
Struggle with names of people he/she should know? While 
patients may be aware of some of these problems, almost no 
one is aware that they repeat themselves. Families, however, 
often find the constant repetition of questions exhausting and 
frustrating. Other simple questions relate to trouble finding 
words (language), getting lost driving (visuospatial memory 
and orientation), and having trouble keeping track of the day 
(temporal orientation). Surprisingly, even when many or all 
of these symptoms are endorsed, the family assumes that the 
patient is competent to manage a complex regimen of medi-
cations, and also to handle financial affairs. If the family 
does not endorse any concerns, if may be useful to ask if the 
patient could live independently. Not infrequently a patient 
would not be left alone even overnight, despite the denial of 
any problems by the family. For a cognitively intact individ-
ual, in the absence of incapacitating physical ailments, inde-
pendent living should be possible regardless of age.

The prior neurological and psychiatric histories are of 
particular importance in the past medical history when inves-
tigating possible cognitive impairment. Simply asking if the 
patient has ever had a serious head injury, stroke, seizure, or 
other known nervous system disease is usually adequate to 
address the neurological history. Similarly, simply asking 
if a patient has ever seen a psychiatrist, or been treated for 
depression or other nervous/mental disorder is adequate for 
the psychiatric history.

Medications commonly cause or, more often, aggravate 
cognitive dysfunction in older adults. In addition to medica-
tions with anticholinergic activity, many other medications 
should be avoided [25]. In particular medications with cen-
tral nervous system (CNS) effects, and particularly anxiolyt-
ics and sedative/hypnotics, may contribute to cognitive 
dysfunction – and also often an increase risk for falls. Most 
sedating medications share features of alcohol: If someone is 
sleepy, they will hasten sleep onset. If someone is wide-
awake, they will produce cognitive and motoric impairment. 
Be aware, however, that – just like alcohol – the brain has 
tremendous capacity to develop tolerance to, and also depen-
dence on, medications. Even medications typically to be 
avoided in older adults, such as benzodiazepines, are best left 
alone if the patient has been on a stable dose for many years. 
Eliminating drugs from a list of those to avoid does not sub-
stitute for clinical judgment [26].

Other important features to consider in the history of 
possible cognitive impairment are family and social histo-
ries. Often, older adults may be familiar with, or misinformed 
about, dementia. It is important to know the patient’s and 
families’ expectations. A patient’s level of education and 
occupation also are important to factor into an evaluation 
of cognition. Well-educated, formerly high functioning indi-
viduals – such as physicians – may pass easily for being 
cognitively intact in the face of significant impairment. 
Conversely, someone with very little education and limited 
occupational skills may be difficult to distinguish from some-
one who has an evolving dementia.

The Examination

The first and foremost purpose of the neurological examination 
is localization. If there is a lesion, where is it? Without a 
locus, the differential diagnosis is moot. For example, if a 
patient were to complain of “weakness” in a hand, it may 
relate to: a lesion in the premotor or motor cortex or any-
where along the course of the upper motor neuron; a nerve 
root or peripheral motor nerve injury; dysfunction at the neu-
romuscular junction; disease of the muscle; impairment in 
the sensory apparatus or nerves leading to the spinal cord; 
impaired sensory input to the thalamus or to projections from 
thalamus to parietal lobe; or in either basal ganglia or cere-
bellar extrapyramidal systems. The differential diagnosis of 
the weakness depends entirely on the location of the lesion.

To localize a lesion, neurologists consider the nervous sys-
tem in a very deliberate manner. The neurological examina-
tion has five basic elements, each building on the foregoing 
part. The five parts, in order, are: I. Mental Status; II. Cranial 
Nerves: III. Motor (III.A. Deep tendon reflexes [DTRs]); 
IV. Sensory; and V. Coordination/Station/Gait. The mental status 
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considers the cerebral hemispheres, and particularly the cortex 
of the brain. The cranial nerves add a consideration of the 
brainstem. The motor examination adds the spinal cord and 
efferent nerves. The sensory examination adds a consideration 
of afferent nerves projecting to cord, thalamus and, ultimately, 
to the parietal cortex. Finally, coordination, station and gait 
testing add a consideration of basal ganglia and cerebellum. It 
is important to know the relative integrity of the mental status 
in order to evaluate the rest of the neurological examination. 
A decreased level of alertness, attentiveness, cooperation or 
cognitive ability will flavor the rest of the examination findings, 
potentially limiting what can be tested. Cranial nerves, and par-
ticularly vision and hearing, also obviously may influence other 
examination findings. Except in rare circumstances, such as a 
sensory level on the trunk suggesting a spinal cord lesion, 
motor findings are always considered before sensory findings 
because motor findings are “harder” and less influenced by the 
patient’s subjective report. DTRs naturally are considered after 
the motor signs. If weakness is found, the next logical question 
is: What are the reflexes? An increased reflex indicates an upper 
motor neuron (UMN) lesion, while a decreased reflex goes 
with a lower motor neuron (LMN) lesion. When sensory symp-
toms are reported, ask the patient to outline the area of numb-
ness. Distal, symmetrical numbness is consistent with a 
peripheral polyneuropathy, such as in diabetes. Reflexes should 
be decreased distally in that setting. Focal numbness that con-
forms to a dermatome suggests a peripheral root or nerve 
lesion, while less distinct but compelling focal numbness, par-
ticularly of a densely innervated structure, such as the hand or 
face, may indicate a central lesion. The complaint of an entire 
limb being numb, particularly in the absence of compelling 
motor signs, is of questionable localizing value. Finally, coor-
dination, station and gait (C/S/G) testing are considered last, 
because they require integrated nervous system function. The 
basal ganglia and cerebellum work through the motor system 
to augment motor function. In turn the motor system relies on 
sensory feedback to work properly. C/S/G testing relies also on 
cognitive function and to some extent on vision, hearing, and 
the ability to communicate. In sum, the neurological examina-
tion is designed to build a picture of the nervous system. 
Considered in order, that picture emerges to reveal localized 
deficits. Considered out of order, the exam is often uninterrupt-
ible. The admittance exam that includes, “neuro grossly nor-
mal,” “neuro non-focal,” or “neuro grossly non-focal,” is of 
little value to the physician trying to decide if the patient has 
suffered a new neurological deficit.

The Mental Status Exam

Neurologists and psychiatrists consider the mental status 
examination from different viewpoints. The neurologist is 

a mechanic, asking “How is the vehicle running?” The 
psychiatrist is a driving evaluator, trying to answer “How’s my 
driving?” While there is overlap – just as a poorly operating 
vehicle can make a one look like an impaired driver, or an 
impaired driver can make a vehicle appear to malfunction – 
the neurologist’s approach is concrete, always with an eye to 
localization.

Level of Consciousness

First off is the question of level of consciousness (LOC). 
Alertness is a function of the reticular activating system 
(RAS). Acutely, a decreased LOC is due most often to global 
suppression of the cerebral hemispheres, such as with medi-
cations or global hypoxia. With an intact RAS, one function-
ing cerebral hemisphere is adequate for an alert state, as is 
evident even after a large unilateral hemisphere stroke. Even 
with both hemispheres impaired, however, an intact RAS 
eventually will generate an alert state, if only manifest by 
spontaneous eye opening. A persistent vegetative state – 
“The lights are on but nobody’s home” – reflects the re-
established sleep/wake cycle of a patient with severe injury 
to both cerebral hemispheres. When the LOC is decreased, a 
behavioral description of the minimum stimulus needed to 
provoke an arousal should be documented. Descriptors such 
as “lethargic,” “stuporous,” and “obtunded” are open to inter-
pretation, while statements such as, “opens eyes to [loud 
voice, gentle touch, moderate pressure on the nail bed],” 
“localizes and fends off painful stimulation,” or “withdraws 
appropriately to pain” offer examination findings that can be 
retested and monitored.

Attention

If a patient is alert, the next mental status feature is attentive-
ness. Attention reflects the integrity of the connections 
between the thalamus and the cortex – the thalamocortical 
circuits. It is easy to believe that a person who is alert and 
interactive is attentive. Still, the degree to which attention 
can be impaired in a normal appearing patient may be stun-
ning. A physician on rounds may feel as though he/she has 
had a normal conversation with a patient, only to be called 
shortly thereafter because of a disruptive outburst, or other 
confused behavior by the patient. Impaired and fluctuating 
attention is the hallmark of delirium. Much of delirium is 
“quiet delirium,” however, and may go unnoticed. Even in 
these cases, the morbidity of delirium is high [27]. The phy-
sician should test any patient in whom delirium is a risk, 
i.e., any older perioperative patient, by asking the patient to 
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perform a task requiring attention. Relatively difficult tasks 
include serial seven subtractions – “Count backwards from 
100 by 7s” – and months in reverse – “Recite the months of 
the year in reverse order.” If a patient stumbles with these 
tasks, try easier tasks, such as, “Do a countdown from 20,” or 
“Recite the months of the year.” Try to identify and docu-
ment the maximum level of attention the patient is able to 
sustain, even if simply counting to 10. While delirium is 
characterized by fluctuation, intact attention, even if for rela-
tively brief intervals, is a good sign, while fluctuations only 
between bad and worse are ominous. The Intensive Care 
Unit nurse potentially is invaluable as an observer of evolv-
ing delirium. Cultivating a care team with nursing staff 
empowered to assess for the presence of delirium will serve 
the surgeon well. Again, the physician should not underesti-
mate the degree to which a delirious patient may appear 
normal.

Memory

The next feature of the mental status examination, given that 
a patient is alert and attentive, is memory. The brain struc-
tures most critical for memory are the hippocampi, deep in 
the mesial temporal lobes. Though part of the brain cortex, 
the hippocampus is not neocortex, but rather much more 
primitive archicortex, consistent with its location near the 
midline. The evolving brain was not reinvented, but rather 
added features that gradually mushroomed over the primitive 
brainstem. Memory understandably is a primitive function, 
following naturally after alertness and attentiveness in its 
value to survival. The blood supply to the hippocampus is 
quite variable, with the main branches usually from the pos-
terior circulation, but also anterior circulation branches 
directly off the internal carotid artery. Consequently, mem-
ory loss is rarely a prominent or even evident feature of 
stroke; posterior circulation strokes often causing other dev-
astating injuries if the hippocampus is involved, and anterior 
circulation strokes typically occurring distal to branches to 
the hippocampus.

Because different disciplines and persons, such as psy-
chology vs. neurology vs. family members, may use differ-
ent terms, it is important to be clear what is meant by 
“memory.” Memory function is divided in various ways. 
Immediate memory, sometimes called attention span or 
“short term memory,” is the ability to recall what was just 
registered, such as being able to repeat back a phone number 
or a short list. This is more accurately a test of attention and 
not truly an assessment of hippocampal function and the 
ability to learn. Semantic memory – the conscious recollection 
of factual information independent of context and personal 
relevance, such as remembering the names of objects – and 

procedural memory – the “unconscious memory” of how to 
do something, like riding a bike – also are not dependent 
primarily on the hippocampal formation, but rather neocorti-
cal (semantic memory) and extrapyramidal systems (proce-
dural memory). Episodic memory is the conscious memory 
of personal events and can be divided into remote and recent 
memory. Remote memory is the ability to recall memories 
from the distant past and can be divided into personal memo-
ries, such as related to family, high school, and occupation, 
and nonpersonal memories, such as Presidents and major 
events in history. Remote memories are more “hard wired” 
than recent memories, and may remain relatively intact long 
after recent memory function has begun to decline. Recent 
memory – also often called “short term memory” – is the 
ability to recall what happened in the recent past – typically 
minutes to hours ago. A practical example would be to recall 
what one was doing before being interrupted by a phone call. 
It is recent memory that is most clearly dependent on hip-
pocampal function, is most critical for new learning, and is 
most important to test in older adults.

Recent memory is the function impaired first and fore-
most in AD, and is almost invariably involved to some degree 
in other degenerative dementias. It is most important because 
the ability to learn and remember new information is key to 
recovery and independent living. Patients having suffered 
devastating neurological injuries may be able to live inde-
pendently if they are able to learn. Conversely, the most 
physically fit patient always will be dependent without the 
ability to learn and remember.

Testing Recent Memory

The key to testing recent memory is to provide an adequate 
interference task – the mental challenge the patient has 
between registration and recall. The time interval is much 
less important. Consequently, an adequately difficult inter-
ference task, even if as brief as 10 s, may suffice to identify 
impairment in recent memory. The tests of attention described 
above are not only good interference tasks, but expedite the 
evaluation. By giving the patient something to remember – 
typically, three unrelated words – and then testing attention, 
the examiner integrates testing these two critical aspects of 
the mental status. Recent memory is so important that it is 
reasonable to check it multiple times during a given evalua-
tion. Start the exam by saying, “I’m going to start with a 
short quiz. I’m going to say three words. Say them after me 
and try to remember them” (Table 24.3). Then have the 
patient do the interference (attention) task. Then ask “What 
were the three words?” If the words are not recalled, give 
first letter or category cues and, if necessary, multiple choice. 
Prompted recall is better than no recall. Still, if words are not 
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spontaneously recalled, make sure that the patient repeats 
them a second time and ask for them later in the exam or 
interview. If they are not recalled a second time, again make 
sure that they are repeated and test a third time. Patients who 
don’t recall the first time may have not clearly understood 
the intention of the test. If not recalled a second time, it 
becomes more concerning. If not recalled a third time, there is 
very likely a problem. As with any other part of the examina-
tion, the physician should seek to convince himself or herself 
that there either is or is not a problem. A failure of recent 
memory has profound implications.

Neocortical Function

The remaining mental status domains are basically language 
(dominant, usually left, temporoparietal cortex), visuospatial 
(nondominant, usually right temporoparietal cortex), and 
executive (frontal lobe) function. While all are eventually 
involved in AD, the symptoms are usually mild in the early 
stages and may not be evident at the bedside. Sudden diffi-
culty with speech or language is usually obvious and, of 
course, concerning for an acute stroke. Neurologists are care-
ful to distinguish deficits in speech, manifest by dysarthria, 
e.g., slurring, (motor function, usually brainstem or cerebellar 
dependent and posterior circulation), from language, charac-
terized by difficulty finding words, use of wrong words, and/
or difficulty with understanding words (expression and com-
prehension, neocortically dependent, anterior circulation). 
Persons with language deficits at least intermittently speak 
without dysarthria, such as the “automatic language” of a 
well-articulated expletive [28], whereas those with true dys-
arthria are unable to speak clearly under any circumstances. 
Sudden changes in visuospatial or executive function, how-
ever, may be more difficult to recognize and characterize, 
often looking like acute confusion. An inability to recognize 
faces, common objects or surroundings in a patient who is 
able to see and converse may suggest an acute nondominant 
hemisphere stroke. Peculiar, inappropriate behavior, such as 
a loss of concern, immodesty and a blunted affect, may sug-
gest an acute frontal lobe stroke. Persons with frontal lobe 
(executive) dysfunction also have difficulty organizing or 
sequencing information, or shifting from one topic to another, 
often without any insight into their deficits. Typically, cortical 

strokes involving language, visuospatial, and/or executive 
function have other neurological findings which help distin-
guish them from delirium.

Bedside Mental Status Examinations

Several brief mental status examinations for use at the 
bedside or in the office have been published [29]. The utility 
of these exams is that they provide structure, are typically 
quick and easy to administer, and yield a single number to 
estimate global cognitive function. None can, by themselves, 
either make or rule out a diagnosis of dementia, though poor 
performance on any is usually indicative of significant cogni-
tive problems. All should be administered rigorously to 
minimize variability and enhance reliability. Because they are 
generally scripted and straight-forward, virtually any member 
of the clinical team can be taught to administer the simpler 
bedside tests.

The most widely used bedside test of cognitive function is 
the mini-mental state exam (MMSE [30]), a 30 point test of 
orientation (5 temporal, 5 spatial points), three word registra-
tion (3 points), attention/concentration (5 points), three word 
recall (3 points), language (8 points) and visuospatial func-
tion (1 point). The MMSE is cited in over 5,000 journal 
articles and is a common primary or secondary outcome in 
numerous clinical studies. Most clinicians have a general 
idea of the meaning of the MMSE score: 30 points reflects no 
errors; above 26 indicates either intact cognition or only mild 
impairment; 20–26 typically reflects at least mild and some-
times moderate cognitive difficulties; 10–20 indicates mod-
erate difficulties; and below 10 is usually indicative of 
marked cognitive deficits. The test is too simple, however, to 
be a diagnostic tool. In the clinical setting, there are no strict 
cut-offs, particularly at the upper end of the MMSE scale, 
that assure that a patient is cognitively intact. Intelligent, 
well-educated persons may score perfectly on the MMSE 
despite significant cognitive deficits. The MMSE is not 
sensitive in particular to frontal lobe (executive) dysfunction, 
as the structure of the test removes the need for the patient 
to plan and organize responses – executive functions. 
Unfortunately, by the time a patient’s behavior typically 
prompts an MMSE, deficits are unambiguous (Figs. 24.8 and 
24.9). In AD, the decline on the MMSE is usually insidious 
and independent of age [31], gender and education [32], 
potentially contributing to the lack of recognition early in the 
disease as patients, families and clinicians are inclined to 
attribute subtle deficits to “normal” aging.

In choosing from the many alternatives to the MMSE, 
both the content and the length of the test are cardinal con-
siderations. Orientation generally is not a sensitive indicator 
of cognitive dysfunction. At baseline, by the time a patient is 

Table 24.3 Five alternate word lists used in the Minneapolis VA 
Healthcare System GRECC Memory Loss Clinic

Baby Daughter Village Kitchen Captain
Garden River Heaven Nation Season
Leader Table Finger Picture Mountain

The lists are matched for the frequency with which the words occur in 
the English language
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disoriented, cognitive symptoms are pronounced. In an acute 
care setting, if a disoriented patient – such as someone 
emerging from anesthesia – can be readily re-oriented and 
retains that information, there is no cause for concern. The 
important issues for the patient are the abilities to learn 
and remember new information and to follow instructions. 
A combination of three-word recall and the clock-drawing 
task (CDT [33]), the Mini-Cog™ [34, 35] assesses recent mem-
ory as well as language (ability to follow complex instruc-
tions), visuospatial and executive (planning and organization) 
skills in the CDT interference task. There are numerous 
methods to score clock drawing [36, 37], and tracking 

 performance (saving the drawing) may be a useful indicator 
of recovery. The Mini-Cog™ itself scores clock drawing sim-
ply as correct (2 points: All 12 numbers in the correct order 
and direction, and two hands pointing to the correct num-
bers) or incorrect (0 points). The 3 word registration (0 
points), clock draw (2 points), and delayed recall (3 points) 
generate a 5 point score where 5 is best. Alternate versions 
of the word list and clock times allow the test to be adminis-
tered serially. While the clock times of 11:10, 1:45 and 8:20 
are of basically equivalent difficulty, word lists which appear 
to be of equal difficulty are not [38]. Matching lists for the 
frequency with which words appear in the language should 
minimize this problem (Table 24.3).

As noted previously, recent memory is so important that it 
should be tested multiple times if there is any doubt as to its 
integrity. Patients who struggle with free recall but improve 
with cues or multiple choice are less impaired than those who 
do not improve with these aids. Patients who volunteer incorrect 
responses, either spontaneously or to a cue, or select a foil from 
a multiple choice list, are more likely to be impaired. The physi-
cian must be aware that neither the three words nor the cues nor 
multiple choices are tests that can be made up on the fly; having 
two or three word lists memorized as well as the cues and mul-
tiple choices used for each list will make the job easier.

The Remainder of the Neurological 
Examination

A detailed review of the neurological examination is beyond 
the scope of this text. Several simple tests, however, can be 
performed by any practitioner and are outlined here. The 
rationale, specific test procedure and normal and abnormal 
finding for each test are defined.

Cranial Nerves (CN)

Visual Fields (VF; CN II)

Rationale: An extensive amount of tissue, from the retina to the 
occipital lobes, is traversed in the course of the VFs, and every-
thing is arranged in quadrants VFs may be abnormal in struc-
tural brain lesions involving optic tracts (postchiasmatic), optic 
radiations (temporal and parietal lobes), and occipital lobes.
Procedure: While standing/seated face to face with patient, 
say, “Look at me. Which hand moves?” Right and left eyes 
are tested simultaneously, unless there is a known history of 
serious eye problems. Hold each hand squarely and sym-
metrically in upper or lower quadrants, approximately 12 in. 
to each side and almost flush with patient’s face. Left and 

Fig. 24.8 Rate of decline on the MMSE in 601 patients with a diagno-
sis of Alzheimer’s disease followed at the Minneapolis VA Healthcare 
System GRECC. Note that the average MMSE is about 20 when patients 
are initially diagnosed. There is no significant effect of age on rate of 
decline. Older patients tend to be identified later in the disease course. 
MMSE mini-mental state exam

Fig. 24.9 Numbers/percentages of patients diagnosed with AD at a 
MMSE ³ 26 (mild dementia) at the Minneapolis VA Healthcare System 
GRECC. Total patients followed = 601. Median age = 76.7 years old. 
Note that the older cohort is significantly less likely to be identified at an 
early stage of AD
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right are tested simultaneously, first upper then lower quadrants 
(double simultaneous stimulation, or DSS) with a quick flick 
of the fingers of each hand (Fig. 24.10).
Normal: Patient responds “Both,” or the equivalent. If the 
patient can see both stimuli simultaneously, there is no need 
to test left and right independently. Be aware of physical fea-
tures (droopy lids, heavy brows) that may interfere with the 
assessment of upper quadrants.
Abnormal: (1) Patient reports seeing only one hand move. If 
this is a consistent finding, test each eye and each quadrant 
separately to distinguish monocular vs. binocular problem and 
an absolute VF cut vs. extinction. Extinction – seeing one hand 
move only when there is no competition from the opposite, 
homologous quadrant – is a more subtle but still significant VF 
deficit. (2) Patient does not see hands move unless they are 
positioned closer to the center of vision, suggesting a con-
stricted field and likely an ocular problem, e.g., glaucoma.
Comment: Patients with dementia or delirium tend to perse-
verate and/or become distracted. When testing VFs, keep the 
instructions simple. The initial response may be the only 
reliable response. A newly documented VF deficit should be 
addressed electively prior to surgery or, postoperatively, in 
urgent fashion to rule-out a newly acquired structural lesion.

Visual Acuity (VA; CN II)

Rationale: Diminished visual acuity (VA) is a source of 
excess disability.
Procedure: Give the patient a card/paper with small print 
(preferably a standard card with graduated print as used in 
an eye clinic) and ask him/her to read. Always test best-
corrected vision (i.e., with glasses when needed). Alternate 
covering each eye while the patient reads. Intact near VA 
assures integrity of central vision. Problems with distant 
vision are refractive errors.

Normal: Patient reads small print held at approximately 
14 in.
Abnormal: The patient unable to read small print (VA < 14/28) 
needs further evaluation unless he or she has known eye 
disease and is followed for it.
Comment: Test VA after VFs to avoid potential confusion 
from a left VF deficit, in which the patient may miss items on 
the left of the page. This is particularly a problem if patients 
are asked to read numbers.

Extraocular Movements (EOMs; CNs III, IV, VI)

Rationale: Normal EOMs require input from extensive regions 
of brain, including frontal and parietal cortex, several brainstem 
nuclei, basal ganglia and cerebellum. At least subtle abnormali-
ties in smooth pursuit eye movements are present in most brain 
diseases. EOMs are abnormal in some structural lesions, as a 
side-effect of drugs, and most prominently in the degenerative 
brain disease progressive supranuclear palsy (PSP).
Procedure: Holding a finger 3 ft away, ask the patient to 
“Follow my finger with your eyes.” Move finger to extremes 
of gaze in all directions. Do not hold finger too close to eyes, 
as older adults have difficulty converging, and smooth pur-
suit movements may appear impaired as a result.
Normal: Patient follows finger with full and conjugate 
voluntary gaze and no nystagmus. (Very mild, symmetrical 
nystagmus at extremes of horizontal gaze is “physiological 
nystagmus” and within normal limits.)
Abnormal: Patient has (new) dysconjugate gaze, lacks full 
ROM other than mildly limited up gaze, or has significant 
nystagmus. A decrease in smoothness of pursuit movements 
also is abnormal, though very nonspecific and difficult to 
quantify for the exam.

Facial Symmetry (CN VII)

Rationale: Lateralized facial weakness may indicate a brain 
structural lesion (Central VIIth).
Procedure: Tell the patient “Show me your teeth,” and 
“Close your eyes tight.” Also observe symmetry of palpebral 
fissures and nasolabial folds at rest.
Normal: Symmetrical.
Abnormal: Asymmetrical.

Hearing (CN VIII)

Rationale: Diminished hearing is a source of excess disability.
Procedure: While standing two feet from the patient and 
while the patient is looking away, ask, in a low voice, his or 
her middle name.

Fig. 24.10 Testing visual fields: Hold each hand clearly in the upper 
or lower quadrants and nearly flush with the patient’s face. Test both 
upper and both lower quadrants simultaneously (double simultaneous 
stimulation)
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Normal: Patient responds with a middle name or other statement 
to reflect that the question was heard and understood.
Abnormal: Patient does not hear adequately based on 
examiner’s assessment of response.

Speech (CNs V, VII, IX, X; See Also CN XII Below)

Rationale: Speech may be abnormal in bilateral corticobulbar 
(pseudobulbar) lesions, bulbar (lower brainstem), basal ganglia 
and cerebellar disorders and some lateralized structural lesions.
Procedure: Assess speech quality during interview.
Normal: Speech clear, normal volume.
Abnormal: Hypophonia (diminished volume), dysphonia 
(hoarseness), nasal speech, or dysarthria (slurred speech, not 
100% intelligible).

Cervical Rotation (CN XI; Sternocleidomastoid 
Muscles)

Rationale: Limited head movement is a source of excess 
disability (particularly with driving).
Procedure: Tell the patient and/or demonstrate, “Turn your 
head as far as you can to the right; now the left.”
Normal: Full range of motion (90°) to right and left.
Abnormal: Significant limitation cervical in range of motion.

Tongue (CN XII)

Rationale: The tongue reveals fasiculations and atrophy in 
motor neuron disease; a change in appearance in nutritional 
deficiencies; and deviation in structural lesions.
Procedure: Look at the tongue.
Normal: Tongue is normal in appearance.
Abnormal: Atrophy, fasiculations, deviation, or macroglossia.

Motor

Strength

Rationale: Lateralized weakness suggests a structural lesion. 
Proximal weakness is typical of myopathies. Distal weak-
ness is typical of neuropathies. Weakness is a source of 
excess disability.

Proximal Extremity Strength

Procedure for upper extremities (UEs): Drift: Ask the patient 
to extend arms with palms up at shoulder level, shoulder 
width apart, eyes closed.

Normal: Patient holds for 10 s without significant 
movement of arms/hands. (Tremor may be present, but 
should be discounted in interpretation of drift.)
Abnormal: One arm pronates. The weak arm also may drift 
downward, but it must pronate to be consistent with a corti-
cospinal tract lesion. An arm that drifts laterally to 45° may 
suggest ipsilateral cerebellar dysfunction. An arm that drifts 
upward is rare but suggestive of a proprioceptive deficit.
Procedure for lower extremities (LEs): Ask the patient to 
cross arms over chest and stand up.
Normal: Patient stands easily without pushing off.
Abnormal: The patient: (1) Struggles but stands without 
pushing off; (2) Must push off to stand; (3) Needs assistance 
to stand; (4) Cannot stand.
Comment: The subsequent assessment of gait determines 
lateralized vs. generalized weakness.

Distal Extremity Strength

Procedure for UEs: Ask patient to squeeze examiner’s 
fingers “as hard as you can.”
Normal: Symmetrical grip from which examiner cannot pull 
away.
Abnormal: Asymmetrical or generalized weakness of grip 
from which examiner can pull away.
Procedure for LEs: Ask patient to walk on tiptoes and on 
heels. If patient has difficulty because of gait instability, 
allow patient to hold examiner’s hands.
Normal: Patient is able to walk on tiptoes and on heels.
Abnormal: Patient cannot walk on tiptoes or heels; note if 
weakness is lateralized.

Bulk

Rationale: Fasiculations (small, local contractions of muscles 
seen under the skin) indicate an irritated LMN and are seen 
in motor neuron disease (amyotrophic lateral sclerosis, ALS). 
LMN lesions (ALS, root, ganglia, peripheral nerve) are asso-
ciated with marked atrophy, with loss of about 90% of bulk. 
Upper motor neuron lesions have the more modest atrophy 
of disuse, about 25% loss of bulk.
Procedure: Visually inspect muscle groups of shoulders, 
forearms, calves. If it is inconvenient to visibly inspect, 
palpate muscles to assess bulk.
Normal: Normal and symmetrical bulk.
Abnormal: Diffuse, focal, or lateralized atrophy and/or 
fasiculations.

Tone

Rationale: Muscle tone is increased in: basal ganglia disorders 
(rigid); UMN lesions (spastic); in more advanced dementia, 
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and also with anxiety, i.e., paratonia or gegenhalten – an 
increased resistance that becomes less prominent when the 
patient is distracted. When paratonia is prominent, other 
abnormalities of tone are difficult to assess. Tone is decreased 
diffusely in cerebellar disorders. In severe peripheral nerve 
injuries, such as an avulsion of nerve roots, tone is very 
decreased.
Procedure: Passively move each arm at elbow and wrist.
Normal: Very mild resistance.
Abnormal: (1) Diffuse or lateralized hypertonia. If the 
increase in tone is the same throughout the range of motion, 
tone is rigid. Rigidity may or may not have associated cog-
wheeling, which likely reflects underlying tremor. If tone 
changes with the degree and/or speed of passive move-
ment, tone is spastic. More marked UE spasticity is char-
acterized by flexion at the wrist and elbow and decreased 
fine motor control of the hand. Variable changes suggest 
paratonia, which may overlie rigidity or spasticity; (2) 
Diffuse or lateralized hypotonia. This is uncommonly 
identified. If diffuse, such patients typically have a pendu-
lar patellar reflex.
Comment: It is important to check strength before tone and 
tone before DTRs. If weakness is identified, particularly 
lateralized weakness, a change in tone and reflexes may be 
anticipated and should be sought. Spastic tone from an UMN 
lesion should be associated with increased DTRs.

Deep Tendon Reflexes (DTRs)

Rationale: DTRs are asymmetrical in lateralized UMN 
(increased DTRs) or LMN (decreased DTRs) lesions. DTRs 
are reduced symmetrically in peripheral polyneuropathy.
Procedure: Tap on tendon while palpating and/or observing 
corresponding muscle.
Normal: Ankle jerk (AJ; Achilles reflex; S1–2), knee jerk 
(KJ; patellar reflex; L3–4) brachioradialis (C5–6), biceps 
(C5–6), and triceps (C7–8) are present and symmetrical.
Abnormal: Absence or asymmetry of DTR. Symmetrical 
diffuse decrease of DTRs in a patient with an otherwise normal 
motor examination are likely not clinically significant. Absent 
AJs suggest peripheral neuropathy. Present AJs are not 
expected in peripheral neuropathy, such as in long-standing 
diabetics, and actually may represent a hyperactive reflex.

Plantar Reflex

Rationale: The plantar reflex is used universally as a test of 
UMN integrity.
Procedure: Scrape from lateral sole to base of great toe with 
any tool capable of mild irritation.
Normal: Toes flex symmetrically. No movement is equivo-
cal, but if symmetrical, is considered normal.

Abnormal: Great toe extends, other toes may fan. If clearly 
asymmetrical with toes on one side flexing (normal), the 
contralateral side is abnormal.
Comment: Almost any noxious stimuli on or near the foot 
may provoke an involuntary extensor (positive) plantar 
reflex. Involuntary flexion at the ankle, knee and hip – a triple 
flexion response – is a more dramatic sign of UMN compro-
mise. Tapping the top of the great toe with a pin may clarify 
withdrawal from a positive plantar reflex. The appropriate 
withdrawal response to the pin is to flex the toe. The involun-
tary extensor response actually pulls the toe into the pin.

Sensory

Rationale: Sensory disturbances are found most commonly 
in association with peripheral neuropathy from diabetes mel-
litus (DM), peripheral vascular disease (PVD), or alcohol 
abuse, and also are a prominent feature of B12 deficiency.

Position

Procedure: Position (proprioception): Have patient stand 
with feet together and eyes closed for 5 s (Romberg). If not 
evident, ask patient, “Do you feel a little more unsteady 
[normal], or a lot more unsteady [positive Romberg]?”
Normal: Negative Romberg.
Abnormal: Positive Romberg: Patient unable to maintain 
balance and/or reports significant increase in unsteadiness.

Light Touch

Procedure: Light touch: Ask patient, “Do you have any 
numbness?” If yes, have patient specify where. Touch backs 
of toes, then backs of fingers, and ask, “Does this feel about 
the same?”
Normal: Patient denies numbness; reports feet/hands feel 
the same to touch.
Abnormal: Patient endorses numbness in an anatomical 
distribution, for e.g., consistent with a peripheral neuropathy, 
or in a dermatomal pattern consistent with a peripheral nerve 
or root lesion; more diffuse/less distinct lateralized numb-
ness may suggest a CNS lesion and is usually associated 
with corresponding motor and DTRs changes.

Coordination, Station and Gait

Gait

Rationale: A normal gait requires integrated motor, sensory, 
cerebellar and basal ganglia function. Apart from the mental 
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status, nothing reveals more about the integrity of the 
nervous system than the patient’s gait. While the character of 
an abnormal gait may be difficult to define and may require 
a specialist, a normal gait is easy to identify and may be an 
invaluable piece of documentation.
Procedure: Tell the patient, “Take a fast walk down the hall 
[to bring out abnormalities].” Then, “Come on back [to 
observe turns.]” Note base, stride, posture, arm-swing, turns 
(stability).
Normal: Walks normally 30 ft down the hallway and 
returns.
Abnormal: Hemiplegic (affected leg is stiff and circuducts 
when moving forward; arm swing decreased on affected side); 
Neuropathic (steppage gait with foot slap); Parkinsonian 
(flexed posture, reduced stride length and arm swing, but nar-
row base and symmetrical stride); Ataxic (variable base and 
stride with tendency to cross step; staggers. Ataxia is specific 
to cerebellar lesions); Choreiform (abrupt, unpredictable jerky 
movements of limbs and trunk during walking that the patient 
may incorporate into gait); Magnetic (feet appear to stick to the 
floor and patient must make deliberate, conscious effort with 
each step; a gait “apraxia,” the inability to perform a learned 
motor skill).
Comment: The gait is always abnormal in untreated PD and 
often abnormal in other neurodegenerative diseases, including 
dementia with Lewy bodies (DLB), PSP, multiple system atro-
phy (MSA), corticobasal degeneration (CBD), Huntington’s 
disease (HD), and some frontotemporal dementias (FTDs). 
Gait abnormalities are seen also post-CVA or traumatic brain 
injury (TBI), in normal pressure hydrocephalus (NPH), and in 
cerebellar or T/M disorders. Gait disorders due to pain (antal-
gic) or joint (orthopedic) disease are common in older adults, 
but not an indicator of nervous system disease.

Postural Stability

Rationale: Postural stability is impaired in basal ganglia dis-
orders and is a major contributor to falls.
Procedure: While the patient is standing with feet together, 
stand behind him/her and say, “I’m going to bump you. Keep 
your balance.” Apply a quick tug on both shoulders, pulling 
patient backwards. (Use caution with low back injuries, as a 
patient’s sudden need to catch self may exacerbate pain and 
spasm.)
Normal: Patient maintains balance. Patient may take one 
step backwards to catch self, but does not fall.
Abnormal: Patient falls backwards without being able to 
catch self and stop. (Examiner catches patient.)
Comment: It is a good time to test hearing while standing 
behind the patient.

Coordination

Rationale: Coordination is abnormal in some frontal and pari-
etal cortical lesions (CBD; possibly FTD; decreased fine motor 
post-CVA), and in basal ganglia and cerebellar disorders.
Procedure 1: Rapid alternating movements: Tell patient to 
“Do this as fast as you can.” Demonstrate rapidly turning 
hand over and back, patting hand on lap or in other hand; 
demonstrate rapid heel tapping on the floor. Do right and left 
separately, as the hand and foot movement often will look 
symmetrical when tested together. Look for rate, range, and 
rhythm.
Normal: Alternating hand movements and heel tapping is 
at least 2 Hz (ten rhythmic movements in 5 s).
Abnormal: Slowed and/or arrhythmic tapping or either hand 
or foot.
Procedure 2: Finger-to-nose testing: After patient has 
maintained drift posture for 10 s, say, “Make a pointer 
with the first finger on your right hand [or touch the finger 
and say ‘with this finger’] and touch the tip of your nose. 
Now do it with the left hand.” Remind the patient to keep 
eyes closed.
Normal: Touches tip of nose – may have two practice trials 
if needed.
Abnormal: Misses nose after two trials.
Comment: If a patient consistently misses to the same spot, 
e.g., touching the same spot on the cheek repeatedly, this is 
an embellishment (i.e., a deliberate effort to mislead the 
examiner) and not true dysmetria.

Involuntary, Uncontrolled, or Diminished Movements

Rationale: The character of a movement abnormality may 
suggest a specific disorder.
Procedure: Observe patient for: bradykinesia (generalized 
slowness or paucity of movement; seen in PD, DLB, PSP), 
tremor (PD, DLB, T/M), dysmetria (difficulty with directed 
hand movements, over- or under-shooting, often with shaky, 
uncoordinated appearance, as though hand/wrist are weighted 
down; seen in cerebellar or possibly cortical disorders), 
choreoathetosis (chorea is quick, involuntary movements, 
athetosis is more writhing in appearance; both affect groups 
of muscles; seen in HD), dystonia (involuntary, sustained 
contraction of muscles, producing unusual postures of limb 
or trunk; seen in CBD, PSP), myoclonus (quick, usually ran-
dom twitches of isolated muscles; seen in Creutzfelt-Jacob 
disease, CJD; late in AD; T/M encephalopathies); stereo-
typed movements (e.g., tics; also seen in FTD; complex par-
tial seizures). In general, adverse drug effects should always 
be considered when a movement disorder appears.
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Summary and Conclusions

Cognitive changes in the elderly are common and are the 
result of brain disease. AD (Fig. 24.11), the most common 
cause of dementia in older adults, is insidiously progressive, 
is associated with few, if any, other neurological symptoms 
or signs, and is easily overlooked. Demented patients are 
more prone to delirium and can be anticipated to have more 
difficulty recovering from major surgery. Simple bedside 
tests focusing on learning and memory may identify unrec-
ognized cognitive problems, and help to identify patients 
most at risk for delirium. In addition to mental status testing, 
several simple bedside tests may help to identify significant 
neurological problems. High yield examination procedures 
include assessing visual fields, extraocular movements, 
speech, drift, finger-to-nose, grip, and, if at all possible, gait. 
As opposed to an assessment such as “neuro non-focal,” the 
statement of a few specific findings may be invaluable. 
“Recent memory 3/3, readily recites months in reverse [men-
tal status], VFF, EOMI, face symmetrical, speech articulate 
[cranial nerves], gait normal [motor, sensory, basal ganglia 
cerebellar], drift negative [upper extremity motor; cerebellar; 
sensory], postural reflexes intact [basal ganglia], finger to 
nose normal [cerebellar hemispheres]” conveys useful infor-
mation that can be used to document a patient’s baseline 
function and monitor recovery.
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Abstract Aging is associated with changes in serum  
concentrations of various hormones, including growth hormone, 
insulin-like growth factor-1 (IGF-1), testosterone, estrogens, 
dehydroepiandrosterone, cortisol, and thyroid hormones. 
Studies suggest that these hormonal alterations may be respon-
sible for some of the physiologic changes seen with aging and 
also play a path physiological role in many age-related medi-
cal conditions. The overall result of the hormonal changes is 
an imbalance between catabolic hormones that increase and 
anabolic hormones that decrease. In this age-related hormonal 
context, a surgical stress, especially cardiovascular surgery, 
may usually lead to a more profound catabolic status than in 
young adult subjects. This peculiar vulnerable status observed 
in older population after surgery has been recently defined as 
acute postoperative frailty. The correct interpretation of the 
hormonal response to surgical stress is extremely important and 
may contribute to identify new interesting therapeutic target to 
improve poor clinical and functional outcomes in older patients 
undergoing cardiac surgery.

Keywords Hormonal changes • Elderly • Frailty • CABG  
• Oxidative stress • Inflammation • Testosterone • Estradiol  
• DHEA • Cortisol • IGF-1 • Thyroid • Anabolic deficiency  
• Anemia • Therapeutic target • Adaptive response

Endocrine Changes During Aging

Aging process is characterized by an imbalance between 
catabolic and anabolic hormones.

In particular, anabolic hormones such as testosterone, estra-
diol (E2), insulin-like growth factor-1 (IGF-1), and dehydroepi-
androsterone sulphate (DHEAS) dramatically decrease with age, 
while serum cortisol levels decrease less or are substantially 
stable, thyroid-stimulating hormone (TSH) increase or decrease 

according to iodine intake with increase in free thyroxine (FT4) 
and decrease in free triiodothyronine (FT3) [1].

These hormonal alterations can be part of physiological 
changes occurring with age [2], but they are also involved in 
the development of frailty defined as state of vulnerability to 
stressors and difficulty in maintaining homeostasis, because of 
the decreased physiological reserves. Hormonal changes may 
also play a path-physiological role in many age-related condi-
tions, such as sarcopenia [3], chronic heart failure [4] and other 
cardiovascular disease [5–7], and rheumatoid arthritis [8, 9].

The alteration in one single hormone has been associated 
with specific symptoms and clinical signs defined as andro-
pause or more appropriately late onset hypogonadism (LOH), 
menopause, somatopause, and adrenopause.

Changes in Pituitary-Gonadal Function  
During Aging in Men and Women

The condition of lower testosterone levels associated with 
aging is called LOH. The decline in serum testosterone con-
centration is mainly due to decreased production rates in 
older men, as a result of abnormalities at all levels of the 
hypothalamic-pituitary-testicular axis [10, 11]. There is an 
increase in serum luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels with age with a parallel 
reduced response of testosterone to LH and human chorionic 
gonadotropin. Moreover, the circadian rhythm of testoster-
one secretion is generally lost in older men [12].

Changes in testosterone levels in men have been associated 
with adverse clinical outcomes including the development of 
metabolic syndrome and diabetes [13, 14], cardiovascular  
disease [15, 16], sarcopenia [17], osteoporosis [18], anemia 
[19], decline in cognitive function [20], and depression [21]. 
Recently, low levels of bioavailable testosterone were indepen-
dently associated with worse frailty status [22], whereas other 
studies failed to find any association between total or free  
testosterone levels and frail phenotype [23, 24].

The relationship between testosterone levels and mortality 
is still debated with some studies showing that lower levels 
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are a significant risk factor for mortality and other studies 
showing no significant effects [25–30].

On the contrary, women experience the menopause. 
Ovulation frequency decreases by the age of 40, and reproduc-
tive ovarian function ceases within the next 15 years. When the 
follicular activity stops, estrogen levels fall while LH and FSH 
levels start to rise. However, smaller amounts of a weaker estro-
gen, estrone, are still synthesized from androstenedione (ASD) 
in the cortex of adrenal gland. Small amounts of this estrone 
can be transformed into estradiol [31]. The modifications in 
these serum concentrations result in a series of further changes, 
including an increased risk of cardiovascular events [32], loss 
of skeletal mass [33], vasomotor instability [32], psychological 
and cognitive symptoms [34], atrophy of estrogen responsive 
tissue, and urinary symptoms such as dysuria, urinary frequency, 
and incontinence [35]. However, the beneficial effects of 
estrogens seem to be limited to early postmenopausal women 
suggesting the so-called timing hypothesis of estrogen replace-
ment therapy.

Changes in GH-IGF-1 Axis During Aging

The term somatopause is used to indicate the possible implica-
tion of the decline in GH-IGF-1 activity in the aging process [2].

The decline in IGF-1 levels is the consequence of several 
modification in hypothalamus – pituitary axis: decline in abil-
ity of individuals to secrete growth hormone in response to 
several stimuli, the increase in somatostatin tone, loss in 
nocturnal surges of growth hormones, decrease in GH pulse 
and in IGF-1 levels. Although a decline in the amplitude of 
GH pulse is an important determinant of the decrease in 
plasma IGF-1, there is also evidence that other causes includ-
ing reduction in growth hormone secretion and GH resistance 
may contribute to lower concentration and biological activity 
of IGF-1 [36, 37].

The IGF-1 decline during aging is associated with several 
age-correlated changes in body composition with develop-
ment of sarcopenia [38] and osteopenia [39], reduced insulin 
sensitivity, and altered glucose tolerance [40]. Additionally, 
low IGF-1 levels have shown a potential risk factor for 
Alzheimer disease [41], decline in immune function [42], and 
increased cardiovascular risk factors. The IGF-1 can directly 
oppose endothelial dysfunction in a number of ways: by inter-
acting with high-affinity endothelial binding sites that lead to 
nitric oxide (NO) production, and by promoting insulin sensi-
tivity and potassium-channel opening. IGF-1 also modulates 
macrophage activation, chemo-taxis, and cytokine release, 
enhances cellular LDL uptake and degradation, and promotes 
endothelial cell migration, regulating angiogenesis. Therefore, 
IGF-1 induces vasodilatation and has other beneficial effects 
at the vessel wall by enhancing glucose uptake, having anti-
platelet action, and scavenging free oxygen radical [43, 44].

Data from the Framingham Heart Study provide evidence 
to this notion showing an inverse and independent relation 
between serum IGF-1 levels and the risk of congestive heart 
failure in older men and women [7].

By contrast, high serum concentrations of IGF-1 are associ-
ated with an increased risk of breast, prostate, colorectal, and 
lung cancer. Thus, IGF-1 has a strong influence on cell prolifera-
tion and differentiation and is a potent inhibitor of apoptosis. The 
action of IGF-1 is predominantly mediated through the IGF-1 
receptor (IGF1R). IGF-1R is over expressed by many tumor cell 
lines and this signaling can inhibit expression of several tumor-
suppressor genes like p53, and enhance oncogenes [45–47].

Despite all these data, there are contradictory results about 
the relationship between IGF-1 and frailty syndrome [48, 49] 
and between IGF-1 and mortality with some studies showing an 
inverse relationship, and some other studies showing a positive 
relationship between IGF-1 and risk of death [50–62].

Changes and Consequences of Altered 
Hypothalamus Pituitary Adrenal  
Axis During Aging

The term adrenopause has been used to describe the clinical 
consequences of changes in hypothalamic-pituitary-adrenal 
axis across age. These changes include the severe decline in 
DHEAS biological activity with ageing [63], with cortisol 
nearly unchanged, and the consequent significant age-related 
increase of cortisol/DHEAS ratio [64]. As a result we observe 
a catabolic status, mediated by cortisol. Histomorphological 
analysis of adrenal specimens suggests a reduction in the 
size of the zone reticular of adrenal cortex, which is respon-
sible for the diminished production of DHEAS [65].

The implications of age-associated DHEAS decline are 
poorly understood. DHEAS acts principally as a pro-hormone 
via extra and intracellular conversion to biological active 
androgens and estrogens, but it can act directly as a neuroster-
oid and may have cardio protective, anti-diabetic, anti-obesity, 
and immune-enhancing properties [66, 67].

Low DHEAS has been associated with increased all-cause 
and cardiovascular mortality in older men [68–70], while the 
role of DHEAS in women is still a matter of debate [71, 72].

Changes and Consequences of Altered 
Hypothalamic-Pituitary-Thyroid Axis  
During Aging

The hypothalamic-pituitary-thyroid axis undergoes a signifi-
cant number of physiological alterations during the ageing 
process. Thyroid hormone secretion and clearance decrease 
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with age, leading to unchanged total and free serum thyroxin 
concentrations. In contrast to thyroxin, total and free T3 con-
centrations decrease with aging. This reduction is due to 
reduced peripheral conversion of T4–T3, caused either to the 
direct effect of non-thyroidal illness or to aging itself [73].

In older euthyroid patients, serum TSH levels may be 
reduced [74] probably because of hypersensivity of thyrotro-
phs to the negative feedback from T4 or because of lower 
amplitude of nocturnal pulses of TSH secretion [75]. Changes 
in TSH levels also depend on the iodine intake of different 
populations.

Aging is also associated with the onset of thyroid auto 
antibodies, but the biological and clinical relevance of this is 
still unknown being the consequence of age-related disease 
rather than aging process. The prevalence of thyroid disease 
increases with age. Thus, several changes formerly believed 
to be direct result of ageing process might be the consequence 
of an increased prevalence of subclinical thyroid disease or 
the result of non-thyroidal illness [12].

Moreover, the real contribution of physiological changes of 
hypothalamus-pituitary-thyroid axis to the onset of typical age-
related diseases, such as atherosclerosis, coronary heart disease, 
and neurological degenerative disorders is still uncertain [73].

All these data show a catabolic/anabolic imbalance occur-
ring with aging leading to a profound catabolic milieu. In this 
age-related hormonal context, a surgical stress may lead to an 
inappropriate hormonal response [76] and in a more profound 
catabolic status than young adult subjects. Studies have sug-
gested that the older population have an inappropriate hor-
monal response to stress [76]. For example, changes in 
circulating hormones following acute stress are more pro-
nounced and prolonged in older than in younger population 
[76]. This hormonal milieu may contribute to the high inci-
dence of complications seen in older patients after acute illness 
or invasive medical procedures [77]. This peculiar vulnerable 
status observed in older population after surgery has been 
recently defined as “acute post-operative frailty” [78].

Acute Hormonal Changes After  
Cardiac Surgery

Cardiac Surgery as a Model of Nonsurgical 
Critical Illness

Critical illness is characterized by changes in hypothalamic-
anterior-pituitary-peripheral-hormone axes, whose severity is 
associated with higher risk of morbidity and mortality [79].

From the endocrine perspective, cardiac surgery is a repre-
sentative model of major illness, producing endocrine responses 
similar to those observed during nonsurgical critical illness [79]. 
The common hormonal responses described in nonsurgical  

illness include hypercortisolism, euthyroid sick syndrome, 
increased serum GH with decreased IGF-1 levels, and an 
increase in estrogen concentrations. There is a different response 
in testosterone levels with an increase in women and a signifi-
cant decrease in men.

Coronary artery bypass grafting (CABG) has been demon-
strated to produce each of these responses that are more  
pronounced in cardiopulmonary bypass (CPB) with extracor-
poreal circulation (ECC) (on pump CABG), a surgical proce-
dure associated with an increased inflammatory response. The 
mechanisms underlying the hormonal response to cardiac surgical 
stress and their clinical implications need to be clarified.

Potential Mechanisms Underlying  
the Hormonal Response to Coronary Artery 
Bypass Grafting: The Role of Oxidative Stress 
and Inflammation

CBP with ECC (on pump) has been recognized as a cause of 
complex systemic inflammatory response that is associated 
with complement activation, cytokine release, and cellular 
activation. The inflammatory cytokines induce a cellular 
response, enhancing reactive oxygen species (ROS) produc-
tion. An increase of ROS can overwhelm local antioxidant 
defense and cause damage to biological molecules, such as 
DNA, lipids, and proteins.

To reduce these deleterious effects, the application of off-
pump CABG without ECC has become increasingly common 
during recent years. The differences between off-pump and 
on-pump procedures in terms of inflammatory and oxidative 
stress responses are consistent but limited to the final steps of 
the surgical procedures and the early hours after [80].

For example, in a time frame from 0, 5 to 2 h after sur-
gery, marked complement activation (C3a, C5a) occurs in 
both on pump CABG and off-pump bypass graft operation, 
but this response is more pronounced in on pump CABG. 
Starting from 4 h after surgery, the levels of activated com-
plement components in on pump CABG shift down to that of 
off pump CABG [81].

Activated complement proteins influence several inflamma-
tory cells, inducing the secretion of proinflammatory mediators.

The myocardium subjected to ischemia-reperfusion cycle 
during conventional CABG is an important source of proin-
flammatory cytokines, such as tumor necrosis factor alpha 
(TNF-a), interleukin-6 (IL-6), and interleukin-8 (IL-8).

Two randomized studies compared the kinetics of TNF-a 
in on-pump vs. off-pump CABG [81, 82]. Schulze et al. 
showed a significant increase in circulating levels of TNF-a 
in both groups of patients, with the on-pump CABG group 
having a greater increment [82]. By contrast, Matata et al. 
failed to find significant changes in TNF-a levels in off-pump 
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CABG, whereas the trend toward TNF-a increase in early 
hours reached statistical significance only 48 h after on-pump 
CABG [81]. None or minor differences in the kinetic of IL-6 
were observed during on-pump and off-pump CABG [82, 83].

Similarly to TNF-a and IL-6, the myocardium and the lungs 
are major sources of IL-8 during CPB. A randomized study 
showed increased plasma levels of IL-8 in on-pump CABG 
patients from 1 to 24 postoperative hours, whereas no relevant 
changes were detected over time in off-pump CABG [84]. 
Another study showed no significant difference in the time 
course of IL-8 between on-pump and off-pump CABG [81].

IL-10, a cytokine with antiinflammatory properties have a 
rapid and significant increase in on-pump CABG, just after 
reperfusion and returns to baseline levels within 2–4 h after 
surgery. By contrast, no statistically significant changes in 
IL-10 levels are observed in off-pump CABG [85].

An increase in oxidative stress occurs in patients undergo-
ing CABG with CBP (on-pump). During reperfusion, the 
oxygen supply in tissue is restored and the ROS are more 
produced causing changes in biological molecules. Off-pump 
procedures are associated with significantly lower levels of 
markers of oxidative stress during the first 24 h after surgery 
[86]. Even if the burst of oxidative stress that occurs during 
CABG has been related to myocardial ischemia-reperfusion 
due to cardioplegic arrest, a separate contribution of CBP to 
oxidative stress has also been shown [81].

In conclusion, both on-pump and off-pump CABG elicit 
systemic inflammatory activation. Consistent biological dif-
ferences are limited to some markers of inflammation, hemo-
stasis, and oxidative stress for the time span between the final 
steps of the surgical procedure and the early hours of the 
postoperative course. The surgical trauma, due to the unavoid-
able tissue injury produced by the surgical access itself, is 
important as the CPB in terms of inflammatory and oxidative 
activation. CPB might amplify the decreased neutrophil 

apoptosis observed in all surgical stresses prolonging the sur-
vival of activated neutrophils and, consequently, amplifying 
the inflammatory response [83].

Therefore, as shown in Fig. 25.1, hormonal dysregulation 
occurring especially after on-pump CABG is only the final step of 
other phenomena associated with surgical procedure and includ-
ing the complement activation and the inflammatory response.

We now list some of the most important hormonal changes 
occurring after CABG describing observational and, whereas 
available, intervention studies.

Changes in Thyroid Hormones After CABG

CABG with CPB is associated with thyroid changes con-
sistent with “euthyroid sick syndrome.” Similar changes 
have been observed in patients undergoing general surgical 
procedures. Euthyroid sick syndrome, or non-thyroidal ill-
ness syndrome (NTIS), is characterized by marked decrease 
in circulating triiodothyronine (T3) levels with the onset of 
illness or fasting [87].

Observational Studies

As already observed in the severely burned patients and criti-
cally ill patients, CBP induces the euthyroid sick syndrome, 
which is characterized by depression of T3 and free T3 concen-
trations with a concomitant increase in reverse T3 levels in the 
presence of normal levels of TSH [88].

As summarized in Table 25.1, several studies have ana-
lyzed the modifications in thyroid hormones after CABG. 
Marked decreases in serum total T3 and T4 levels occur 
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during and after surgery. Serum T3 levels remained signifi-
cantly below the baseline levels for 6 days during hospital-
ization through 4 weeks after hospital discharge. A trend 
toward recovery is evident by the second postoperative day. 
Recovery of serum T4 levels occurred more rapidly in the 
first 6 days after surgery [89]. No significant modification 
in TSH levels was observed.

Changes in the components of thyroid gland condition are 
considered as a transient and completely reversible phenom-
enon and persist several days after CABG surgery. In a recent 
study, Cerillo et al. assessed thyroid function in 40 patients 
undergoing uncomplicated CABG at 0, 12, 48, and 120 h 
after surgery and following these patients during 6-month 
follow-up period. Typical NTIS was observed in all patients 
with free T3 concentrations still reduced by postoperative 
day 5. During the 6-month follow-up period, in most of the 
patients (87.5%) thyroid function returned to normal [90].

Other studies listed in Table 25.1 have analyzed thyroid 
function after CBP. All studies showed a significant decline 
in total and free T3, normal TSH concentration and serum T4 
levels in normal range or low, in both sexes and in both older 
[91] and younger population [92].

Changes in thyroid function after CABG were examined by 
Cerillo et al. in adults and in 40 old subjects (mean age 64.4 ± 9 
years) during the 6-month follow-up period. The typical changes 
of non-thyroidal illness were observed in all patients [90].

Spratt et al. have studied 59 subjects (mean age 63.7 ± 1.7 
years) for 36 h after CBP and demonstrated a decline in T3 
levels while TSH concentration remained in normal range 
[89]. Vellissaris analyzed 52 patients undergoing primary elec-
tive CABG (age <75 years, 62 ± 8 years) for 24 h after surgery. 
In the first postoperative hours, there was a significant decline 
in FT3 levels, but not in TSH and FT4 values [92].

Intervention Studies Using T3 in CABG

A few studies have analyzed the effects of T3 administration 
in patients undergoing CABG surgery or heart transplant, 
both of which have NTIS, with contrasting results. Some 
authors have reported an improvement in cardiac function 
[93, 94], whereas others suggested for NTIS a role of adap-
tive response of the organism to counteract catabolism [95].

To evaluate whether non-thyroidal illness syndrome is a 
physiologic response to the early stages of major illness, Spratt 
et al. performed a prospective randomized placebo-controlled 
study evaluating the effects of T3 treatment on cardiac func-
tion, protein metabolism, different hormonal axes, and iron 
response. T3 was infused for 24 h after surgery but the correc-
tion of T3 levels during early stages of NTIS in acute illness 
had minimal and transient effects in cardiac function without 
any significant effects on protein metabolism, endocrine 
balance, or iron response to acute illness [95].

The lack of discernable benefits indicates that T3 therapy 
should not be recommended in CABG patients.

Adrenal Hormones and CABG

Changes in Cortisol and ACTH Levels  
After Cardiac Surgery

The hypothalamic-pituitary-adrenal system is one of the 
main components of endocrine stress response after surgical 
stress [96]. The changes in glucocorticoid secretion is one of 
the best studied perioperative phenomena. Changes in HPA 

Table 25.1 Changes in thyroid hormones during and after CABG

References Population Period of observation Results

Holland  
et al. [88]

14 Subjects
Age 41–70

−1, +8 h, +24 h Total T3 and free T3 were significantly depressed up to 24 h after CABG
TSH, T4 and free T4 levels remained within normal range at all sampling time

Cerillo  
et al. [90]

40 Subjects
Age 64.4 ± 9

Preoperatively, at 0, 12,  
48, 120 h postopera-
tively, and at 6-month  
follow up

Non thyroidal illness was observed in all patients
FT3 was still reduced by postoperative day 5
At 6 month follow up 87% of patients had normal thyroid profile, 4.5% 

developed overt hypothyroidism

Spratt  
et al. [89]

59 Subjects
7 Females 52 males
Age 63.7 ± 1.7 years

Preoperatively, +1, +6,  
+12, +18, +24, +36 h

FT3 decreased markedly and remained low for all study period. TSH 
remained within the normal range

Spratt  
et al. [79]

17 Males
Age 42–75 years  

(59 ± 1.8)

−1, preoperatively, 0, +1, 
+2, +3, +4, +5, +6 days,  
at 2 weeks, 4 weeks,  
5 weeks

Marked decrease in serum total T3 and T4 occurring with surgery
T3 levels remained below baseline through 4 wk after discharge and 

recovery was evident by the 2nd postoperative day
Recovery of T4 occurred through 6 days

Velissaris  
et al. [91]

52 Subjects
Age <75 years  

(62 ± 8 years)

−1, 0, +24 h TSH and FT4 remained within normal range, whereas FT3 levels at 24 h 
after surgery were significantly lower than baseline values

Bettendorf  
et al. [92]

40 Children
24 Males, 16 females
Age <18 years

Preoperatively, +2, +24, 
+ 72 h

During early postoperative period lowered thyroxine and triiodothyronine 
plasma levels, and correlate with the subsequent intensive care course. 
Triiodothyronine concentrations are decreased during dopamine
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axis in patients undergoing major surgical procedure are 
summarized in Table 25.2 [97–108].

Studies suggest that during the pre and intraoperative 
period, there is no evidence of significant changes in 
plasma cortisol or ACTH levels. However, between 6 and 8 
hours after surgery, ACTH and cortisol significantly 
increase compared with preoperative concentrations. 
ACTH levels fall to baseline concentrations during the first 
or second postoperative day, whereas plasma cortisol  levels 

remain high and are significantly higher than preoperative 
period [97].

Since corticosteroid-binding globulin does not signifi-
cantly change during the postoperative period, the elevation 
regards mainly the unbound fraction of cortisol [98, 99].

The degree and duration of the postoperative rise in the 
cortisol level are positively correlated with the surgical 
stress [100–103]. In chronically ill intensive care unit 
(ICU) patients, adrenocortical function is an indicator for 

Table 25.2 Changes in hypothalamus pituitary adrenal axis during and after CABG

References Population Period of observation Results

Weiskopf  
et al. [97]

8 Subjects
Age 45–79

Preoperatively, 0, +6 h,  
+12 h, +18 h, +7 days

Cortisol and aldosterone levels increased after surgery, 
reaching a maximum at a 6 to 12 h

Adrenal response to ACTH was normal preoperatively, during 
rewarming from hypothermia, and 18 hours and 7 days 
postoperatively

Lanuza  
[101]

16 Patients undergoing 
coronary artery graft

Middle age

Pre- intra- post-operatively  
until day 6

Plasma cortisol levels increased significantly toward the latter 
part of surgery and remain high during the study period

Roth-Isigkeit  
et al. [104]

50 Subjects (males)
Age >70 years

Pre-, intraoperatively, on the 
evening of surgery,  
1st and 2nd  
postoperative days

On the evening of surgery plasma levels of cortisol and ACTH 
increased

On the 2nd postoperative day plasma ACTH returned to 
baseline values

Cortisol levels were significantly elevated and remained high 
until the end of study period

Roth-Isigkeit  
et al. [98]

28 subjects
Age >70 years

Preoperatively, intraoperatively, 
and after surgery at +6 h,  
1st and 2nd  
postoperative day

There is a postoperative rise in serum total cortisol concentra-
tion, accompanied by an increase in unbound cortisol 
concentration, due to an increase in cortisol secretion

McIntosh  
et al. [102]

10 Subjects
Age 36–65 years

48 h before surgery,  
and every 20 min  
for 24 h, after 48 and 72 h

Postoperative rise in plasma cortisol levels which persist from 
48–72 h after surgery, results significantly associated with 
the severity of surgery

Vogeser  
et al. [106]

14 subjects
Age 41–85

−1, 0, 8 pm day of surgery,  
+1

The cortisol turnover was markedly reduced, probably due to 
substrate overload of the metabolizing enzymes, inducing 
hypercortisolism

Vogeser  
et al. [99]

24 Subjects
Age 41–85  

(median 65 years)
10 Females
14 Males

−1, 0, 1st and 2nd  
postoperative day

Total cortisol was about two-fold increased on the 1st 
postoperative day

On the 2nd postoperative day total cortisol was in normal 
range, in contrast, free serum cortisol was still increased

Straub  
et al. [107]

120 Subjects:
60 Males 60 Females
Age 43.8 ± 2.1 years

Preoperatively,  
+6 h, +18 h

Significant increase in levels of cortisol and DHEA
No changes in cortisol in relation to DHEA
Significant increase in serum cortisol levels compared to 

DHEAS and androstenedione

Maggio  
et al. [108]

19 Subjects
Age 70.1 ± 6.1 years  

(12 males, 7 females)

−1, 0, 1st, 2nd, 3rd, 4th  
and +30 days after CABG

In both sexes, serum DHEA and DHEAS levels increased 
slightly after surgery.

In men, DHEAS increased progressively but statistically 
significant only in the 3rd day

In women, DHEAS increased 4 fold on the 1st postoperative 
day and remained higher for the first 4 post-surgical days

Canbaz  
et al. [109]

38 Subjects
Males
Age 50–70 years

5 days before, 0, at the  
end of surgery, 1st and  
7th postoperative days

DHEAS levels decreased from the 1st postoperative day to the 
7th postoperative day

Spratt  
et al. [79]

17 Males
Age 42–75 years  

(59 ± 1.8)

Preoperatively, 0, 1st, 2nd, 3rd, 
4th, 5th, 6th, 7th days,
at 2nd, 4th, 5th weeks

Morning cortisol levels increased following surgery,  
then decrease to preoperative values at the 4th postopera-
tive day
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severity of disease and survival. Elevated cortisol concen-
trations in critically ill patients correlate positively with 
the degree of illness and negatively with survival [103]. 
The phenomenon of dissociated cortisol and ACTH levels 
may be the result of changes in adrenal sensitivity, altera-
tions in glucocorticoid receptor function, ACTH indepen-
dent mechanisms of steroidogenesis, and elevations of 
other peptides and cytokines involved in ACTH and CRH 
release [104, 105].

Moreover, there is evidence of a marked decrease of cor-
tisol inactivation probably consequent to substrate overload 
of the metabolizing enzymes. The activity of these enzymes 
(11-beta-hydroxysteroid dehydrogenase) is crucial for mod-
ulation of cortisol receptor access and, therefore, tissue corti-
cal adrenal sensitivity in the postoperatory period may vary 
substantially from physiological conditions [106]. The ele-
vated postoperative cortisol levels and altered circadian 
rhythms may contribute to increased vulnerability by decreas-
ing antiinflammatory and immunologic responses, adversely 
affecting their sense of well-being.

Changes in DHEA, DHEAS Levels  
After Cardiac Surgery

During acute inflammatory response, such as cardiothoracic 
surgery, there is also a parallel increase of serum levels of 
other adrenal hormones than cortisol and ACTH, including 
DHEA, DHEAS, and ASD.

Already 8-18 hours after the beginning of surgery, there is a 
significant increase in ASD and DHEA levels, but not of 
DHEAS. However, there was a stronger increase of serum level 
of cortisol than DHEA or ASD, with increase in Cort/DHEA 
molar ratio, suggesting a trend toward catabolism [107, 108].

This increase may reflect an adaptive mechanism to dampen 
inflammation. In fact, on the one hand, DHEA can inhibit 
proinflammatory cytokines such as secretion of TNF alpha. 
On the other hand, DHEA seems to favor Th1 reactions and 
inhibit Th2 immune responses. Thus, DHEA may exert an 
antiinflammatory effect in Th2-driven disease and proinflam-
matory effect in Th1-driven disease [42].

Few studies have analyzed these hormonal modifications 
in older population.

Roth-Isigkeit et al. showed that in 50 subjects (aged >70 
years) plasma levels of cortisol and ACTH rise rapidly after 
surgery, and then on the second postoperative day, plasma 
ACTH returned to baseline values. Cortisol levels were sig-
nificantly elevated and remained high until the end of study 
period (second postoperative day) [98].

Maggio et al. examined 19 subjects, 12 men and 7 women, 
(mean age 70.1 ± 6.1 years) undergoing CABG for 30 days 
after surgery. In both sexes, serum DHEA and DHEAS levels 
increased slightly after surgery. In men, DHEAS increased 
progressively but became statistically significant only in the 

third day after surgery. In women, DHEAS increased fourfold 
on the first postoperative day and remained higher for the 
first 4 postsurgical days [108].

No intervention study has been performed to test the 
effects of DHEA on postsurgical complications in both 
young and older individuals.

Changes in Sex Hormone Levels After  
Cardiovascular Surgery

Several studies have tested the changes in sex hormones 
concentrations after cardiovascular surgery and critical ill-
ness [79, 108–110] (Table 25.3).

In men, a marked decrease of serum levels of testoster-
one is associated with a lack of increase in FSH response 
and with minimal increase in LH response despite very low 
circulating levels of testosterone suggest that the pituitary 
response to GnRH may be reduced, such as in the presence 
of hypogonadotropic hypogonadism [79].

CABG has been demonstrated to produce the same 
responses. The decline in testosterone levels occurs espe-
cially in the first 4 days after CABG. A marked decrease in 
testosterone concentrations was evident on the first day 
after surgery and low serum testosterone levels persisted 
for 2 weeks following surgery [79] and then gradually 
returned to baseline values 30 days after the surgical proce-
dure [108]. The amplitude of the decline varies from study 
to study [107–110]. Gonadotrophins decreased profoundly 
during surgery. The decline of LH was particularly evident 
during the first days of hospitalization, whereas FSH sup-
pression was even longer reaching 4 weeks after cardiac 
surgery. Generally, LH and FSH start to increase by the 
fifth postoperative day [79]. Two different mechanisms 
could explain the decline in testosterone levels occurring in 
men after CABG, namely central and peripheral hypogo-
nadism. According to the central hypogonadism hypothe-
sis, there is a decrease in GnRh secretion during and after 
surgery with consequent low LH levels; these changes 
could be due to the direct inhibitory effect of estradiol 
(whose levels increase after surgical procedures) on the 
hypothalamic-pituitary axis [110, 111] or also the conse-
quence of the effect of opiate fentanyl anesthesia on GnRh 
secretion [112]. The alternative/additional hypothesis, the 
“so-called” peripheral hypogonadism, implies a reduced 
secretion of testosterone from testes explained by the inhib-
itory effect of cortisol and proinflammatory cytokines on 
Leydig cell function and by the decreased sensitivity of 
Leydig cells to LH [113, 114].

On the contrary, in women, there is a significant increase 
in testosterone levels after surgery [108]. Some studies have 
hypothesized that the higher testosterone levels in postmeno-
pausal women after CABG could be due to an increased 
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 production of DHEA/DHEAS, secondary to ACTH stimula-
tion, and then to an increase conversion from DHEAS to tes-
tosterone [115, 116].

Serum levels of estrone (E1) and estradiol (E2) rise in 
both men and postmenopausal women [108, 117] after 
CABG. The causes of the elevated serum estrogen levels 
could be different. Some studies suggest that the increase in 
estrogen levels is the consequence of general adrenal activa-
tion with increasing supply of androgen precursors avail-
able for estrogen production [118]. By contrast, recent data 
indicate that the increased serum estrogen concentrations 

reported in acute illness are primarily caused by increased 
peripheral aromatization rates due to an increased expres-
sion of aromatase in both men and women [119]. The 
increased circulating cortisol or cytokine concentrations 
during critical illness may potentially contribute to an 
increase in aromatase expression. Glucocorticoids stimulate 
aromatase activity in vitro [120, 121], although in vivo stud-
ies have not confirmed this effect. Tumor necrosis factor- a, 
IL-1, IL-6, and IL-10 are all elevated in acute illness and 
have been demonstrated to increase aromatase activity 
in vitro [121, 122].

Table 25.3 Changes in hypothalamus pituitary gonadal axis after CABG

References Population Period of observation Results

Spratt  
et al. [79]

17 males
Age 42–75 years 

(59 ± 1.8)

Preoperatively, 0, and
1st, 2nd, 3rd, 4th, 5th,  
6th day, at 2nd, 4th,  
5th week

Gonadotrophins but not testosterone decreased during surgery
Decrease in serum testosterone was evident on the 1st day after surgery 

and persisted for 2 weeks
Low LH levels persisted for 6 days
The duration of FSH suppression was longer than LH
A trend toward increasing of LH, FSH, Te was evident by the 5th day
Increase in serum E1 and E2 levels
Decline in SHBG levels since 2nd day after surgery

Aono  
et al. [101]

25 Males
Middle age

Preoperatively,  
0, +1, +2 days

Testosterone decreased during surgery
LH increased during surgery and reached the maximum levels  

30 min after the beginning
Shortly after the end of surgery, LH returned to its preoperative level, 

while testosterone continued to fall
A decline in LH levels was observed on the 2nd postoperative day, when 

plasma testosterone showed the most marked decrease
FSH levels were not influenced by surgical stress

Spratt  
et al. [117]

20 Postmenopausal 
women

Admission, day 5 Two patterns of changes in sex steroids
Admission serum levels of androstenedione, Estrone (E1), Estradiol (E2) 

were higher compared with healthy controls. Androstenedione and E1 
then decreased toward normal by day 5 in parallel with cortisol

In contrast, admission serum DHEA and DHEAS were not elevated and 
testosterone levels were lower than controls

Testosterone and DHEA continued to decrease by day 5, in parallel with 
gonadotrophin levels

Spratt  
et al. [119]

14 Subjects
11 Males
3 Females
Age 42–69 years

Preoperatively, 0, 1st,  
2nd, 3rd, 4th  
postoperative day

Testosterone levels decreased on 1st postoperative day
In contrast, estrogens were stable or increased
The postoperative increase in serum E1 and E2 may be different

Maximum serum E1 and E2 was in 2nd postoperative day and then 
declined

E1 and E2 rising go on in 3rd and 4th postoperative days
The mean increase in E2 was not statistically significant

Androstenedione increased at the end on the 1st or in 2nd day and 
decreased to baseline in the 4th day

Maggio  
et al. [108]

19 subjects
12 males, 7 females
Age 62–80 years 

(70.1 ± 6.1 years)

Preoperatively, on the  
day of procedure  
and 1st, 2nd, 3rd,  
4th and 30th  
day after CABG

In men, significant drop in Testosterone (Te) levels during the first 4 days 
after surgery

In women Te increased significantly already on the 1st day after surgery, 
and declined progressively thereafter remaining statistically higher for 
the 4 day follow up

E2 increased in both sexes reaching significance on the 2nd day in men 
and on 3rd day in women

In both sexes decline in SHBG levels but statistically significant only in 
men and during the first 3 post surgical days
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The clinical effects of elevated estrogen levels in critical 
illness remain to be interpreted. Estrogens are known to pro-
mote arterial vasodilatation and coronary flow [123], to enhance 
myocardial function after trauma/hemorrhage, and may have 
beneficial effects against hypoxic tissue damage by enhancing 
the production of several hepatic proteins, including factors in 
coagulation cascade and acute phase proteins [124, 125].

Changes in serum estrogen levels following coronary 
artery bypass graft surgery undergo significant individual 
variation. Spratt et al. tested three representative models [119]: 
in the first model, estrone (E1) markedly increased the second 
day after surgery and further rose in third and fourth postop-
erative day. Estradiol (E2) levels increased until the third post-
operative day, and then did not change or decreased. In the 
second model, plasma E1 and E2 concentrations increased in 
the second postoperative day, then decreased. Finally, the 
third model showed no significant change in E2 levels [119].

These different changes in serum E1 from baseline to 
postoperative day 2 were highly correlated with the change 
in serum ASD levels [119]. Percent conversion of ASD to E1 
via aromatization increased strikingly postoperatively. These 
data suggest that the increased adrenal androgen precursor 
availability may contribute to increased E1 production, even 
if increased aromatization rates are the primary mechanism. 
Recovery of reproductive axis was prolonged, requiring at 
least 4 weeks after surgery. In particular, recovery of FSH 
values was more prolonged than LH and testosterone values, 
suggesting that FSH secretion is more susceptible to sup-
pression by illness than LH. The elevated estrogen response 
to surgery was less protracted with estrone returning to base-
line levels by the fifth postoperative day [109].

This divergence of the time courses of hypogonado-
tropic hypogonadism and elevated estrogen observed in men 

suggest that the two responses are distinct, suggesting a  
different regulating mechanism [119]. Sex hormone binding 
globulin (SHBG) levels were also affected by cardiovascular 
surgery including CABG. SHBG is a major carrier of sex hor-
mones in humans and is produced by the liver. The SHBG 
levels changes with age with a significant increase commonly 
observed in aging male, and scant and contradictory data avail-
able in women [126, 127].

There is increasing evidence of a protective role of SHBG 
on the risk of metabolic syndrome and type 2 diabetes. Low 
SHBG levels are an independent correlate of metabolic syn-
drome and an independent risk factor for diabetes also in 
elderly population [128–131]. Two different studies per-
formed in 19 older participants and in 14 adult subjects under-
going CABG showed that SHBG levels declined significantly 
after cardiac surgery. This decline is more profound in men 
than in women, occurs by the first postoperative day or by 
third postoperative day depending on the study with a return 
to the preoperative levels 30 days after the surgical procedure 
[108, 119]. The mechanism underlying this decline might be 
related to the increased inflammation associated with cardiac 
surgery with inhibition of secretion of SHBG production from 
the liver.

Changes in GH-IGF-1 Levels After Cardiac Surgery

Table 25.4 summarizes the data concerning the response in 
GH-IGF-1 axis after cardiac surgery. In young patients, the 
stress response is characterized by an elevation of growth 
hormone secretion, which is not followed by the corre-
sponding increment in IGF-1 and IGF-binding Protein-3 
(IGFBP-3) concentrations. Plasma levels of IGF-1 decreased 

Table 25.4 Changes in GH-IGF-1 axis after CABG

References Population Period of observation Results

Balcells et al. [32] 23 children
Age £18 years

Preoperatively, and on 1st, 
2nd, 7th postoperative day.

IGF-1 levels were low and remained low 
throughout the study period. Not signifi-
cant decline in IGFBP-3The IGFBP-1 was 
initially high but then declined toward 
normal values

Urinary GH concentrations were high from 
days 1–7

Wallin et al. [133] 20 subjects:
17 men, 3 women
Age 44–81 years

Preoperatively, at 1st post 
operative day, and at 
discharge (7th)

During CABG a rapid decrease in total IGF-1 
occurred

GH secretion was stimulated by surgery
When extracorporeal circulation stopped, there 

was a prompt rise in IGFBP-1 levels

Maggio et al. [108] 19 subjects
12 males 7 females
Age 70.1 ± 6.1 years

Preoperative day, 0, 1st, 2nd, 
3rd, 4th and 30th 
postoperative day

60% decline in IGF-1 levels in both sexes during 
the first 4 days after CABG

Cavaliere et al. [136] 24 subjects
Age 41–80

Preoperative, at 2nd and 5th 
day after surgery

66% of patients presented an increase of IGF-1 
levels after surgery

34% of patients showed unchanged or decreased 
levels
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during CABG and remained low during the first week after 
surgery [108, 132, 133]. Immediately after cessation of 
ECC, there is also a prompt rise in another IGF-binding pro-
tein, IGFBP-1, with a progressive return to baseline values 
during postoperative period [133].

All these postsurgical changes in GH-IGF-1 axis, namely 
the increase in GH with no increase or decrease in IGF-1 levels, 
suggest a state of GH resistance associated with cardiac  
surgery [134, 135].

In older population, the decline in IGF-1 levels is even more 
profound. One study reports a significant decrease of about 
60% in serum IGF-1 levels in both sexes during the first 4 days 
after on pump CABG [108] contributing to catabolic/anabolic 
imbalance observed in this particular age group [3, 4].

Different mechanisms may explain the postsurgical 
decline of IGF-1. The IGF levels are strictly related to energy 
intake, and IGF-1 levels have been proposed as an index of 
acute malnutrition in critically ill patients. Cavaliere et al. 
have demonstrated a significant relationship between low 
IGF-1 levels and worse nutritional index after coronary 
revascularization [136]. Moreover, the IGF-1 concentration 
is influenced by circulating levels of IGF-binding proteins-1 
(IGFBP-1) and IGFBP-3. Animal studies have shown that 
hypoxia, occurring during CPB, is a potent stimulus for the 
secretion of these proteins [134]. Finally, during CBP, the 
rise in inflammatory cytokines levels with inhibitory effects 
on the production of IGF-1 by the liver has been proposed as 
one of the main facilitating factors of the development of 
acquired GH resistance [135].

The Significance of Hormonal Changes  
in Young vs. Older Population

All the hormonal changes previously described occurring 
after cardiac surgery are such important in adult and older 
patients. However, since the functional reserve and homeo-
static mechanisms are already altered in older individuals, 
where there is also a higher prevalence of subclinical and 
clinical endocrine dysfunction, the impact in this population 
deserves further attention

The difficulty in maintaining homeostasis in the face of 
perturbations due to decreased physiologic reserves induces 
the development of a state of vulnerability to stressor, defined 
“frailty” [137].

Recent studies suggest that although single hormonal 
derangement is not frequently associated with frailty, there is 
a strong relationship between the parallel changes in multiple 
hormonal axes, typical of the elderly, and the so-called accel-
erated aging. Neuroendocrine dysregulation has been shown 
an important determinant of the clinical development of 
frailty [24, 48, 64, 138, 139].

This state of vulnerability of older subjects may contribute 
to the higher incidence of complications observed in elderly 
after acute illness or a type surgical stress as CABG.

For example, thyroid function changes during aging. Also 
in subjects with normal thyroid function, TSH levels were 
slightly lower at older than in younger ages; in parallel, FT3 
levels were lower and FT4 levels were higher. These con-
comitant divergent changes may suggest that in humans the 
hepatic 5¢ deiodinase activity declines with age, with conse-
quence of a decreased peripheral T4 degradation [140]. 
Moreover, there is an age-dependent increase in the preva-
lence of antithyroid antibodies. All these age-related modifi-
cations in thyroid function facilitate in older population the 
development of euthyroid sick syndrome after critical illness 
or surgical stress.

Also adrenal function is also affected by age, with decrease 
in DHEAS concentration and relative increase of cortisol 
level in both sexes [64]. The higher cortisol/DHEAS ratio 
observed in older individuals may contribute to increased 
vulnerability of these subjects after CABG [107, 141].

Testosterone levels exhibit a progressive decline in men 
with age with smaller changes in women. Since the testoster-
one levels in men are generally already low, a state of “rela-
tive hypogonadism” with total testosterone levels below 
200 ng/mL, occurring after surgical stress and during critical 
illness testosterone levels in older men, is more profound 
than in younger population [108] with potential conse-
quences on frailty and mortality [29, 142, 143].

In contrast, serum levels of estrone and estradiol do not 
change or more likely rise in both men and postmenopausal 
women after CABG. This increment in circulating levels of 
E2 is likely explained by an increment in biological conver-
sion from DHEA and DHEAS and by an enhanced aromati-
zation of androgens to estrogens [108, 119].

Finally, IGF-1 serum levels decline over the life span 
[144]. In older persons, lower IGF-1 levels are associated 
with an increased risk of disability and all-cause and cardio-
vascular mortality [145]. Studies conducted in younger 
adults have observed either an increase [136] or decrease in 
IGF-1 levels immediately after cardiac surgery in both men 
and women [132, 133].

Despite the potential specific importance of the postsurgi-
cal hormonal dysregulation in older individuals, only few 
studies have focused on the hormonal changes occurring in 
the older population [89, 90, 98, 104, 108].

Maggio et al. examined the acute endocrine response 
occurring in older individuals (12 men and 7 women) with 
lower ventricular function and undergoing on pump CABG. 
In this group of patients, a dramatic drop in testosterone lev-
els below 200 ng/ml in old men and a decline of about 60% 
in IGF-1 were observed in both sexes during the first 4 days 
after CABG. Serum cortisol levels significantly increased in 
both men and women with DHEAS increased progressively 
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but became statistically significant only in the third day after 
surgery, while in women DHEAS increased fourfold on the 
first postoperative day and remained higher for the first 4 
postsurgical days [108].

Spratt et al. [89] and Cerillo et al. [90] have evaluated 
changes in thyroid function after CBP in older subjects. In 
both of these studies, euthyroid sick syndrome occurred as 
in younger individuals. Roth-Isigkeit et al. showed in very 
older population (>70 years), a transient increase in ACTH 
levels after surgery. Cortisol levels rose and remained 
higher than the baseline values during the study period 
[98, 104].

Until now, no study has tested possible differences in 
endocrine changes in older and younger individuals.

Duration of Hormonal Changes  
and Recovery to Baseline

All these hormonal changes following CABG gradually 
recover to baseline after the end of the surgical procedure 
and probably the end of oxidative stress consequent to the 
cell damage. The duration of changes depends from the hor-
mone studied with each single hormone showing a specific 
trajectory.

Thyroid Hormones

A marked decrease in total T3 and T4 concentration with T3 
levels remaining below baseline levels through 5 weeks after 
surgery but with a trend toward recovery by the second post-
operative day.

Recovery of serum T4 levels occurs more rapidly occur-
ring in the first 6 days after surgery with no significant modi-
fication in TSH levels [89]. NTIS is generally observed in all 
patients with reduced free T3 concentrations by postopera-
tive day 5. This condition is considered as a transient and 
completely reversible phenomenon and is persistent several 
days after CABG surgery.

Generally after 6 months, most of patients (87.5%) have a 
return to normal thyroid function [90].

Adrenal Hormones

The changes in HPA axis is one of the best studied per opera-
tive phenomena.

Pre and intraoperatively, there was no evidence of signifi-
cant change in plasma cortisol or ACTH levels. These param-
eters are significantly increased between 6 and 8 h after 

surgery compared with preoperative values. ACTH levels 
recover to baseline concentrations during the first or second 
postoperative day. Plasma cortisol levels remain high and 
significantly elevated over the first four postsurgical follow 
up days. All changes in Cortisol, DHEA, DHEAS, and Cort/
DHEA molar ratio return to baseline levels after 30 days, 
since the surgical procedure [108].

Sex Hormones

CABG has been demonstrated to produce modifications in 
sex hormone concentrations.

A decline in testosterone levels occurs in the first four 
days after CABG. A marked decrease in testosterone con-
centrations is evident in men on the first day after surgery 
[108, 119] and low serum testosterone levels persist for 2 
weeks following surgery [119] and then gradually returned 
to baseline values (30 days) [108]. The amplitude of the 
decline is different from study to study [108, 119].

In women, testosterone levels increase significantly 
already on the first day after surgery and decline progres-
sively thereafter. However, testosterone remains statistically 
higher than the baseline for the first 4 days after surgery and 
recovers to baseline values in the first month after CABG 
[108].

Estradiol levels increase after surgery in both sexes. In 
men, this increase is significant on postoperative day 2, in 
women on day 3, and persist during hospitalization period. 
One month after surgical procedure, estradiol levels return to 
baseline values in both men and women [79, 108].

LH decreases profoundly during surgery and low LH 
 levels persist throughout hospitalization (5 days after  surgery) 
[108].

A trend toward increasing serum levels of LH and FSH is 
evident by the fifth postoperative day [119].

Decrease in serum SHBG levels is evident by the second 
postoperative day, but it is statistically significant only in 
men and return to baseline levels 30 days after surgery.

GH-IGF-1 Axis

In both men and women, serum GH levels increase in the 
first postoperative hours and are still higher during the post-
surgical period, although the magnitude of increment is 
modest and not statistically significant. In contrast, IGF 
serum levels decrease quickly after surgery and remain 
significantly lower than baseline over the first 4 days after 
CABG. Within a month, these changes recover to baseline 
levels [108, 133].
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Possible Clinical Implications of Postsurgical 
Endocrine Changes: Adaptive Phenomenon  
or Therapeutic Targets?

The significance of the hormonal changes occurring after 
surgery is uncertain. There is no agreement to consider these 
endocrine changes a physiological or adaptive mechanism 
useful for recovery during the postoperative period [146].

In favor of this hypothesis is the non-thyroidal illness, 
which is a transient and completely reversible phenomenon, 
and is considered a protective mechanism from the cata-
bolic postsurgical state [87]. In fact, when T3 replacement 
is performed in adult undergoing CBP, no significant 
improvement in cardiac function, protein metabolism, and 
iron response is achieved [95].

Conversely, other authors suggest that postsurgical 
hormonal modifications are not only the surrogate of the 
other concurring phenomena including oxidative stress 
and proinflammatory state but may also worsen the meta-
bolic, functional, and cognitive function of individuals 
during the postoperative period.

For example, the dramatic decline in testosterone and 
IGF-1 observed in older men might have in this specific pop-
ulation important clinical and functional consequences. 
Theoretically, through anabolic, antiinflammatory proper-
ties, testosterone replacement therapy during surgery could 
improve rehabilitative and functional outcomes [78, 147]. 
Another potential beneficial effect of testosterone treatment 
is on hemopoiesis [19, 148]. Since anemia (due to inflamma-
tion, hem dilution, malnutrition, bleeding) is a frequent clini-
cal complication after surgery, testosterone might help to 
counteract the development of anemia especially in older 
population where testosterone levels before the surgical pro-
cedure are already low.

Similarly, the decline in IGF-1 levels occurring in both 
men and women after surgery have important clinical conse-
quences, since IGF-1 is a modulator of catabolic/anabolic 
equilibrium and vascular function, and a good nutritional 
marker especially in older population. Epidemiological stud-
ies in general population have shown that low IGF-1 levels 
are associated with an increased risk in ischemic heart dis-
ease and stroke [145, 149, 150].

Therefore, for testosterone (at least in men) and IGF-1 (in 
both sexes), the hypothesis that these hormonal responses are 
an adaptive mechanism is unlikely. More credit deserves the 
alternative theory that these modifications can worsen the 
impact of surgical stress and might eventually represent 
potential therapeutic targets in the specific setting of older 
frail individuals [147, 151].

In both sexes, serum DHEA and DHEAS levels increased 
from the first postoperative day and then progressively decline. 
The increase in DHEA, due to an increase of the serum levels 

of the stimulating adrenocorticotrophic hormone, seems to be 
advantageous in critical illness and during CPB.

Finally, the increased estrogen levels after CABG found 
in several studies [79, 108, 119] argue against the use of 
estrogens prior to surgery in men and postmenopausal 
women undergoing CBP, a treatment advocated by some 
researchers [152, 153]. (Fig. 25.2)
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It is a real pleasure to write a commentary on the Cardiac 
Surgery section of this comprehensive book which outlines, 
discusses, and reviews the surgical care of elderly patients 
with cardiothoracic disease. In this section on Cardiac 
Surgery, Dr. Katlic has secured recognized experts in the 
important topics of Adult Cardiac Surgery. A good friend 
and colleague of mine once told me that pediatric patients 
were not little adults. Similarly, the elderly patient has unique 
and different physiology, psychology, and functional aspects, 
clearly distinct from the younger adult. My training and 
practice of cardiac surgery have spanned over three and a 
half decades – amazing, as I don’t think of myself as 
approaching the definition of elderly! As a resident, an “older 
patient” was someone in their mid to late 60s. As junior fac-
ulty, “older” referred to someone in his or her 70s. At the end 
of my clinical practice, we routinely operated on patients in 
their 80s and some in their 90s.

One of the real benefits of having a geriatric practice during 
this particular time period was the opportunity to get to know 
the members of the “world’s greatest generation”(according 
to Tom Brokaw). It was a real honor to be able to care for and 
know the men and women who survived the Great Depression 
and World War II. Although they almost universally had the 
will of a lion and the enthusiasm of a young adult, they often 
did not have the reserve to tolerate a complicated operation. 
Although we recognized early on that these patients were 
different from their younger cohort, we were unable to pro-
vide them with definite reasons why they were at increased 
risk other than their increased age alone. For example, we 
realized that these older patients had a tendency to bleed 
more, have more neurocognitive problems, were more likely 
to develop infections, and often needed rehabilitation.

Recently, the field of geriatrics has evolved yielding very 
interesting insights into the elderly patient. The word “frailty” 

has become a medical term associated with a significant 
impact on the elderly patient. As our population ages, more 
patients will require cardiac surgical procedures. Currently, 
our ability to access risk is challenging and is primarily based 
on associated morbidities. Frailty provides one method of 
measuring physiological reserve in this group of older 
patients. It has been shown that a patient who is considered 
frail is more likely to sustain a postoperative fall, develop 
delirium, and progress to disability. Although the definition 
of frailty continues to evolve, one particular hallmark of this 
significant risk factor is the disregulation of homeostatic sys-
tems at both the molecular and physiological levels. This can 
be manifested as decreased muscle mass, variation of corti-
sol levels, and clotting studies as well as certain biomarkers.

At our own institution, Dr. Martin Makary and his associ-
ates prospectively looked at a group of surgical patients of 
age 65 years or older, who were being evaluated for elective 
surgery. Frailty was based on a validated scoring system 
characterized by decline in five domains including weight 
loss, weakness, exhaustion, low physical activity, and slowed 
walking speed. Weight loss was measured as greater than ten 
pounds in the past year. Weakness was assessed by a hand-
held dynamometer. Exhaustion and low physical activity 
were analyzed by questionnaire. Slowed walking speed was 
measured by which the speed a patient could walk fifteen 
feet. The Hopkins group found that frailty had a significant 
influence on surgical outcomes following major surgical 
procedures compared to minor procedures. One of their 
conclusions is as follows: “As the phenotype becomes better 
studied, patients may benefit from interventions to reduce 
risk, such as, preoperative conditioning, nutrition, or even 
pharmacological therapy. At a minimum, providers will be 
alerted to special needs and risks of older surgical patients.” 
They concluded that frailty is common in older surgical 
patients and is independently associated with a greater risk 
of postoperative complications, increased length of stay, and 
being discharged to an assisted or skilled nursing facility. 
This paper is to be published in the Journal of American 
College of Surgeons, 2010. Continued investigation into bet-
ter defining the inherent risk of the elderly population will 
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provide cardiac surgeons advanced information to be able to 
counsel their patients and their family members. It may also 
lead to deliberate preoperative, intraoperative, and postoper-
ative interventions to reduce the risk of postoperative com-
plications in patients who are designated as most susceptible 
to injury.

This section and the book as a whole will be a very impor-
tant resource for cardiothoracic surgeons, anesthesiologists, 

intensivists, residents, and nurses who take care of geriatric 
patients. It has become clear with investigational research that 
the geriatric patient is not just an older adult. Understanding 
the current state of the care of patients undergoing a variety of 
cardiac surgical operations, as described in this section, will 
improve the quality of care given to our older patients with 
cardiovascular disease, which will clearly be needed as the 
sizable baby boomer generation becomes elderly.
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Abstract The physiologic response of the elderly patient 
to cardiac surgical procedures differs substantially from 
their younger peers. Indeed, traditional preoperative assess-
ment and tools which seek to estimate peri-operative risk 
for mortality and complications focus almost exclusively 
on mortality alone. Important considerations for geriatric 
patients who elect to undergo cardiac operations include 
functional mobility, quality of life, and maintenance of their 
independent status. The purpose of this chapter will be to 
review the current status of preoperative preparation and 
evaluation of the geriatric cardiac surgery patient. We will 
attempt to emphasize strategies which highlight some of 
the unique risk factors that are operant in the elderly patient 
undergoing cardiac surgery. Attention will also be directed 
to evaluation of risk in a manner other than evaluating 
traditional organ system risks. This chapter will focus on 
nutritional evaluation, screening for delirium, and disability 
before cardiac surgery, as these three entities are unique to 
the elderly population who undergo cardiac surgery. Lastly, 
emphasis on advanced directives, and the designation of a 
single person who will be responsible for important medical 
and or end-of life decisions for this group of patients will 
be discussed.

Keywords Preoperative evaluation • Peri-operative risk  
• Functional mobility • Quality of life • Nutritional evaluation 
• Delirium screening • Cardiac surgery

Introduction

Cardiovascular disease is the leading cause of morbidity and 
mortality in the aging United States population. In 2006, 
over 7,000,000 cardiovascular procedures were performed 
in the United States, over 50% of these procedures were 

performed in patients ³65 years of age, and the total cost for 
cardiovascular disease in 2010 is estimated at over $500 
 billion dollars [1]. Indeed, the Society of Thoracic Surgeons 
Adult Cardiac Database documented a significant increase in 
the age of patients undergoing coronary artery bypass during 
the decade of 1990–1999 [2].

The physiologic response of the elderly patient to cardiac 
surgical procedures differs substantially from their younger 
peers. Indeed, traditional preoperative assessment and tools 
which seek to estimate peri-operative risk for mortality and 
complications focus almost exclusively on mortality alone. 
Important considerations for geriatric patients who elect to 
undergo cardiac operations include functional mobility, qual-
ity of life, and maintenance of their independent status. 
A more holistic approach to the unique risk factors of geriatric 
patients has been difficult to quantify. The purpose of this 
chapter will be to review the current status of preoperative 
preparation and evaluation of the geriatric cardiac surgery 
patient. For the purpose of this discussion, we will attempt to 
emphasize strategies which highlight some of the unique risk 
factors that are operant in the elderly patient undergoing car-
diac surgery. Attention will also be directed to evaluation of 
risk in a manner other than evaluating traditional organ sys-
tem risks. This chapter will focus on nutritional evaluation, 
screening for delirium, and disability before cardiac surgery, 
as these three entities are unique to the elderly population 
who undergo cardiac surgery. Lastly, emphasis on advanced 
directives, and the designation of a single person who will be 
responsible for important medical and or end-of life deci-
sions for this group of patients will be discussed.

Nutritional Evaluation

The elderly are at risk for malnutrition for a variety of rea-
sons. Commonly cited reasons which promote malnutrition 
include: alterations in taste/smell with age; appetite reduc-
tion secondary to co-existing medical disorders and medica-
tions; loss of dentition, limited income; and reduced access 
to protein calories. The prevalence of malnutrition in elders 
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ranges from 1% in community-healthy elders to 37% in 
institutionalized patients. Clearly, a spectrum exists and a 
screening tool to identify the higher risk elders is desirable. 
The Mini Nutritional Assessment (MNA) was developed and 
validated as a screening tool for malnutrition [3]. (Fig. 27.1) 
The full MNA is an 18 item questionnaire which utilizes 
BMI, mid-arm and calf circumference, and a questionnaire 
regarding dietary intake, a global assessment, and a self 
assessment. The MNA-SF is an abbreviated version of the 
MNA, and comprises 6 of the 18 items. A MNA-SF score of 
12 or greater or MNA score of 24 or greater, in general, doc-
uments a patient who is not at risk for malnutrition. A MNA 
score between 17 and 24 or a MNA-SF score between 8 and 
11 predicts that the patient is at risk for malnutrition; and an 
MNA score of below 17 or MNA-SF score below 7 indicates 
the patient is suffering from malnutrition. Unfortunately, 
situations exist which preclude optimization of an elderly 
patient’s nutritional status because of urgency of surgical 
procedure (i.e., L main coronary artery disease, valvular 
endocarditis). However, if one has the opportunity to identify 
and correct these nutritional deficiencies, then aggressive 
nutritional correction should ensue.

Protein intake has emerged as a critical factor in promot-
ing functional capacity and preventing chronic wasting and 
some features of the frailty syndrome. These benefits extend 
beyond assisting community based elders, but recent data 
have emerged to support the recovery of hospitalized elderly 
patients to recover from surgery, trauma, and disease [4]. 
Unfortunately, as is often the case, the recommended daily 
allowance (RDA) of protein established by the USDA, of 
0.8 g protein/kg/day, was empirically based upon data gath-
ered in young males. Data exist supporting the need for 
greater protein intake in the elderly to avoid negative nitro-
gen balance [5], and therefore the optimal RDA for protein 
intake in elderly males and females remains unknown. 
Recent investigations, however, do support increasing the 
intake of protein above the current RDA in elders to increase 
muscle anabolism. In fact, a single serving of 113 g of high 
quality lean beef (90% lean ground beef patty) was observed 
to increase muscle protein synthesis by 50% in healthy young 
and elderly patients [6]. It seems almost intuitive that pre-
operative screening for malnutrition should also emphasize 
adequate daily protein intake, to prevent muscle catabolism 
and loss of functional capacity after cardiac surgery. Based 
upon these available data, it would seem reasonable to 
emphasize that patients undergoing cardiac surgery should 
receive daily high quality protein – rich foods such as lean 
ground beef. Attention to maintenance of positive protein 
balance should extend throughout the perioperative and post-
operative recovery period.

Hormonal replacement therapy merits strong consider-
ation for elderly males undergoing cardiac surgery. 

Alterations in anabolic and catabolic hormones including 
cortisol, dehydroepiandrosterone, luteinizing hormone, 
estradiol, testosterone, sex hormone binding globulin, and 
insulin-like growth factor-1 were observed following coro-
nary artery bypass grafting surgery in elderly males and 
females [7]. A substantial decrease in serum testosterone 
levels and insulin growth factor-1 was most pronounced in 
elderly males undergoing operation. Of interest, an elevation 
in several cytokines, such as IL-6, which may lead to 
sarcopenia after operation has been independently observed, 
and is postulated to promote this drop in testosterone. Based 
upon these observations, testosterone replacement in males 
undergoing cardiac surgery seems strongly worthy of con-
sideration. However, at the present time, data are lacking 
which demonstrate a positive effect on outcomes with 
hormonal replacement (Table 27.1).

Assessment of Risk for Delirium

A vast body of literature exists which describes a variety of 
post-operative cognitive changes following cardiac surgery. 
Rather than focusing on these changes, attention will be 
directed towards screening patients for high risk of devel-
oping delirium. Delirium is a clinical syndrome in which 
an acute disruption of attention and cognition occurs. It 
often waxes and wanes – and it may have a very abrupt 
onset. Unfortunately, cardiac surgery remains one of the 
most common procedures which incites delirium in elderly 
patients. While the exact mechanisms promoting the devel-
opment of delirium remain unknown, several accepted tents 
regarding this clinical syndrome exist. Most noteworthy is 
the universal observation that the development of post-
operative delirium is associated with increased morbidity 
and mortality [8]. Established preoperative risk factors for 
delirium include: history of alcohol abuse, pre-existing cog-
nitive dysfunction, pre-existing physical impairment, type 
of surgery, and metabolic abnormalities. Screening for cog-
nitive evaluation before cardiac surgery is paramount, and 
simple tests such as the Mini-Cog Test (combined three item 
recall with a clock draw test) is reliable and easily adminis-
tered. Identifying patients with pre-existing cognitive dys-
function should trigger consultation with a geriatrics team, 
who can assist in the post-operative management of these 
patients to either reduce the likelihood of delirium, or assist 
in the  management of delirium.

The mechanisms underlying why cardiac surgery should 
provoke delirium remain uncharacterized. However, a dif-
ferential elaboration of chemokines in the serum of patients 
who developed delirium versus those who did not follow-
ing cardiac surgery has been reported, and clearly warrants 
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Mini Nutritional Assessment 
MNA®

    Complete the screen by filling in the boxes with the appropriate numbers. Total the numbers for the final screening score. 

IF BMI IS NOT AVAILABLE, REPLACE QUESTION F1 WITH QUESTION F2. 
DO NOT ANSWER QUESTION F2 IF QUESTION F1 IS ALREADY COMPLETED. 

   For a more in-depth assessment, complete the full MNA® which is available at www.mna-elderly.com

   Ref.  Vellas B, Villars H, Abellan G, et al. Overview of the MNA® - Its History and Challenges. J Nutr Health Aging 2006;10:456-465. 
Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for Undernutrition in Geriatric Practice: Developing the Short-Form Mini 
Nutritional Assessment (MNA-SF). J. Geront 2001;56A: M366-377. 
Guigoz Y. The Mini-Nutritional Assessment (MNA®) Review of the Literature - What does it tell us? J Nutr Health Aging 2006; 10:466-487. 
® Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners 
© Nestlé, 1994, Revision 2009. N67200 12/99 10M 
For more information: www.mna-elderly.com

Last name: First name:

Sex: Age: Weight, kg: Height, cm: Date: 

Screening 

A   Has food intake declined over the past 3 months due to loss of appetite, digestive problems, chewing or 
 swallowing difficulties? 
 0 = severe decrease in food intake 
 1 = moderate decrease in food intake 
 2 = no decrease in food intake                             

B   Weight loss during the last 3 months 
 0 = weight loss greater than 3 kg (6.6 lbs) 
 1 = does not know 
 2 = weight loss between 1 and 3 kg (2.2 and 6.6 lbs) 
 3 = no weight loss                

C   Mobility 
 0 = bed or chair bound 
 1 = able to get out of bed / chair but does not go out 
 2 = goes out 

D   Has suffered psychological stress or acute disease in the past 3 months? 
 0 = yes 2 = no                

E   Neuropsychological problems 
 0 = severe dementia or depression 
 1 = mild dementia 
 2 = no psychological problems               

F1 Body Mass Index (BMI) (weight in kg) / (height in m2)
 0 = BMI less than 19 
 1 = BMI 19 to less than 21 
 2 = BMI 21 to less than 23 
 3 = BMI 23 or greater                

F2 Calf circumference (CC) in cm 
 0 = CC less than 31 
 3 = CC 31 or greater               

Screening score                       
(max. 14 points) 

12-14 points:   Normal nutritional status 
8-11 points:   At risk of malnutrition 
0-7 points:   Malnourished

Fig. 27.1 The Mini Nutritional Assessment [13–15]; ®Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners. ©Nestlé, 1994, 
Revision 2009. N67200 12/99 10M. For more information: www.mna-elderly.com)
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 further investigation [9]. Clinical data regarding anti-
inflammatory strategies have largely proven inconsistent in 
preventing delirium, and therefore remain unproven for 
preventing delirium.

The number of medications taken daily by elderly patients 
is substantial. It is not uncommon to evaluate a patient for a 
cardiac operation who takes 20–30 pills daily. While polyp-
harmacy is often used as a surrogate for co-morbidities, it 
remains vitally important to thoroughly review each patient’s 
medication list (including herbal and over-the-counter, OTC) 
medications prior to undertaking cardiac surgical operations. 
Particular attention should be directed towards benzodiaz-
epine and other sedative type medications. Strong consider-
ation should be given to trimming the medication list, as 
drug-drug interactions can precipitate delirium. Many elders 
remain on anticoagulants – in particular Coumadin and 
Plavix – for relatively non-specific indications. Dialog with 
both patients and their treating physicians should include a 
reassessment of the necessity of these particular medications. 
As mentioned previously, many elderly patients will often 
self-initiate OTC medications or herbal supplements (saw 
palmetto, ginseng, etc.). Elderly patients should be specifi-
cally asked about the use of OTC or herbal supplements, as 
certain supplements (ginseng, garlic, and gingko) can pro-
mote bleeding at the time of cardiac surgery.

While it remains difficult to develop a specific pre-operative 
strategy to prevent delirium, simple screening for delirium 
risk can target those patients where early intervention in the 
peri-operative period may prevent or ameliorate the delirium 
syndrome (Table 27.2).

Assessment of Disability

Disability refers to loss of ability to perform activities of 
daily living (ADL). A very practical and clinically easily 
administered screening tool for disability is the Katz index 
for disability [10]. This index assigns one point for indepen-
dence in each of 6 of the ADL (bathing, toileting, dressing, 

transferring, feeding, and continence). Patients are scored 
from 0 to 6 with 6 representing independence in all these 
domains, and 0 representing complete dependence in these 
domains. While the Katz index represents a simple screen-
ing tool for evaluation of disability, strong debate still exists 
in the geriatric literature whether disability can be indepen-
dently assessed as a risk factor for poor outcomes. Many 
believe that there is a strong synergy that exists between 
 disability, frailty, and comorbidity towards promoting poor 
outcomes after surgical procedures. Recent data which 
address this complex interaction provide a very robust eval-
uation of these three syndromes in predicting outcomes. 
Robinson and colleagues prospectively evaluated 110 
patients aged >65 undergoing major general, thoracic, car-
diac, vascular, and urological operations. In this very com-
prehensive evaluation, the strongest predictor of adverse 
post-operative outcome was any functional dependence as 
assessed by the Katz screening tool. Other variables which 
predicted poor outcome include impaired cognition, recent 
falls, low albumin (<3.3), anemia, functional dependence, 
and increased comorbidities [11]. Quantification of disabil-
ity seems much more rigorous to screen patients than the 
age old “eyeball test.” Intuitively, while disability may relate 
to other geriatric syndromes, it seems that loss of indepen-
dence in any of the six domains of the ADL would predict a 
very poor outcome after cardiac surgery. Hence, appropriate 
identification of patients who may not be appropriate candi-
dates for open operations is desirable, to either avoid or 
appropriately counsel patients regarding very high risk 
 cardiac operations.

Advance Directives/Medical Proxy

The traditional cardiac surgical approach to the care of 
elderly patients raises several potential conflicts,regarding 
the boundaries of strong personal commitment and desire 
to provide aggressive care, by surgeons juxtaposed with 
patients’ desire to retain autonomy – particularly with end-
of-life decisions. On the one hand, it is quite frustrating for 
an individual surgeon to perform a highly complex, techni-
cally difficult operation, only to have the outcome be with-
drawal of care if the desired outcome is not achieved. 
Conversely, it is impossible to ignore the observations from 
two multiinstitutional studies, indicating that elders often 
received ICU resuscitative care despite patient preferences 
for comfort care [12]. Unfortunately, two very important 
decisions are often overlooked in the preoperative evaluation 
of elderly patients. (1) If a designated procedure does pro-
duce complications or a suboptimal outcome, then how 
aggressive does the patient wish to remain regarding future 
and further care? (2) If for some reason the patient is unable 

Table 27.1 Nutritional evaluation

Nutritional screening with MNA
Encourage protein intake (1 lean meat serving/day)
Consider hormonal replacement (testosterone for males)

Table 27.2 Risk factors for delirium

History of alcohol abuse
Pre-existing cognitive dysfunction
Type of surgery (cardiac is strong risk factor)
Pre-existing physical impairment
Metabolic abnormalities
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to provide medical decision making after a cardiac surgical 
procedure, then who will make those decisions? A follow-up 
question for the second question would also inquire as to 
whether the designated medical decision maker has had a 
thorough conversation with the patient, to ensure that indeed 
the patient’s wishes are known and followed, if a complica-
tion occurs that precludes the patient from participating in 
these decisions. Certainly patient and surgeon do not 
approach a cardiac operation anticipating complications or 
poor outcomes; however, a discussion during the preopera-
tive visit to establish what the patient’s wishes regarding 
aggressiveness of care following their operation is crucial. 
This discussion should also include some specific known cir-
cumstances – such as whether death is preferable to partial 
dependence or full dependence. Many elderly patients fear 
losing independence more than dying, and the surgeon can 
thus properly understand each patient’s preferences. It is use-
ful to estimate prognosis of various operations and complica-
tions for patient counseling. For example, mediastinal 
bleeding after cardiac surgery, which requires reoperation, 
will have a low likelihood of permanent adverse outcomes. 
Conversely, a perioperative cerebrovascular accident (CVA) 
which results in a dense hemiparesis and aphasia, is likely to 
strongly and negatively influence the patient’s duration and 
quality of life. It is advisable that these preoperative discus-
sions be conducted with both patient and their surrogate 
present – to avoid any miscommunication or misperceptions 
of the patient’s wishes.

Conclusion

The preoperative evaluation and preparation of the elderly 
cardiac surgical patient demands a thoughtful and thorough 
consideration of concepts that differs from our traditional 
“organ based” physiological assessment of risk/benefit. 
Clearly, the surgeon who is asked to intervene on a nonage-
narian assumes a greater responsibility for ensuring that 
optimal outcomes will be achieved. As with many cardiac 
surgical procedures, the benefit of restoration to an active 
and vigorous existence often occurs. Indeed, the vast major-
ity of elders who undergo either valvular or coronary surgery 
return to full independence, and have improvement in their 
health related quality of life. Attention to detail and evalua-
tion of nutrition, cognition, functional dependence, and 
understanding patients’ wishes regarding aggressiveness of 

care are fundamental geriatric principles which should 
be included in the preoperative evaluation of the geriatric 
cardiac surgery patient.
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Abstract Elderly patients have more comorbidities and are 
increasingly undergoing more complex procedures. Despite 
the ever aging population, expected mortality continues to 
decline. This is based in part on our increased understanding 
of the complex physiology of the elderly and improved med-
ications and monitoring techniques now in use to mitigate 
adverse outcomes.

Keywords Transesophageal echocardiogram • Epiaortic 
ultrasound • Postoperative cognitive dysfunction • Diastolic 
dysfunction • Cerebral oximetry • Anesthetic management • 
Pulmonary artery catheter • Benzodiazepines • Acid–base 
management

The elderly patient provides a unique set of challenges to the 
anesthesiologist. These challenges are amplified during car-
diac surgery as the patients themselves have many comor-
bidities and the surgeries are complicated. In this chapter, we 
will outline the anesthetic considerations for the elderly 
patient undergoing cardiac surgery starting from the preop-
erative holding area, to the operating room, and finally post-
operatively in the intensive care unit (ICU).

Preoperative Considerations

Neurological

One of the first things the anesthesiologist notices about a 
patient when we meet them in the holding area is their neu-
rological status. By age 65, 10–15% of patients have cogni-
tive dysfunction, and by age 80, 50% of the population has 
some form of dementia [1]. This plays an important role 
when dealing with consent and a patients’ understanding of 

the anesthetic process and postop ICU stay. Benzodiazepines 
can have an exaggerated sedative effect on a patient with pre-
existing dementia. Benzodiazepines have also been found to 
increase the risk of postop delirium in patients even if they 
receive them prior to admission to the surgical ICU [2].

The elderly patients have a higher incidence for stroke 
when compared with younger patients. This increased inci-
dence is most likely from age-related risk factors such as 
hypertension, peripheral vascular disease, cardiac disease, 
smoking, prior stroke, and use of aspirin and anticoagu-
lants[3–7]. The biggest risk factor for perioperative stroke is a 
prior stroke. In fact, one study placed the risk at 5–10 times 
more common in patients with a history of stroke [8]. The 
majority of these perioperative strokes are attributed to throm-
botic or embolic events [7]. It is therefore imperative for the 
anesthesiologist to be diligent in examining preoperative stud-
ies such as echocardiograms, carotid ultrasounds, and com-
puted tomography scans to assess risk for an embolic event 
and take the necessary precautions to decrease this risk such 
as keeping mean arterial pressure higher or changing aortic 
cannulation sites if plaque is noted in the ascending aorta.

Despite the numerous neurological changes the aging 
brain undergoes, it is important to keep in mind that cerebral 
autoregulation is preserved. The elderly patients have an 
increased incidence of hypertension, which results in a shift 
of the cerebral autoregulatory curve to the right. This shift 
causes the lower limit of autoregulation of cerebral perfusion 
pressure to be higher than in a patient without hypertension, 
which could lead to cerebral hypoperfusion at a higher mean 
arterial pressure than in the normal population.

Cardiovascular

The numerous changes the cardiovascular system undergoes 
as patients age is also important to take into consideration 
during the preoperative period, so that the anesthesiologist 
will be able to properly plan an anesthetic. One important 
consideration is diastolic dysfunction (Fig. 28.1). Elderly 
patients have a higher rate of diastolic dysfunction, even with 
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preserved systolic function, than the normal population 
[9, 10]. Because of the stiffening of the ventricle as one ages, 
there is a progressive decline in ventricular filling during the 
early diastole and a decrease in the early diastolic filling rate. 
Thus, the aging heart is increasingly dependent upon atrial 
filling and contraction to maintain adequate ventricular fill-
ing. A slow sinus rhythm is preferred. Given that by age 80, 
10% of the population has atrial fibrillation this may be dif-
ficult to achieve [11]. The other implication of diastolic dys-
function for the anesthesiologist is an increase in difficulty in 
weaning from bypass [12]. Even in the preoperative period, 
one must begin to think about which vasopressors and other 
methods will have to be employed to successfully separate 
from bypass at the end of the procedure.

Although diastolic dysfunction occurs in the elderly with-
out systolic dysfunction, systolic dysfunction also occurs at an 
increasing rate in the aging population. There is an age-related 
decrease in systolic function, especially in those with hyper-
tension (Fig. 28.2). The decrease in systolic function is often 
masked because cardiac output is maintained at rest via pro-
longed myocardial contraction [13]. However, the physiologic 
stress of surgery, rapidly unmasks this age-related decline in 
contractile reserve. In a study by Turner, when phenylephrine 
was used to acutely increase systemic vascular resistance 
(SVR), in turn increasing left ventricular wall stress, an age-
related decrease in contractile reserve was noted [14].

Blood vessels also undergo numerous changes as the body 
progresses in age. There is a progressive decrease in vascular 

compliance leading to an increase in systolic blood pressure. 
The increase in afterload places a greater burden on the heart 
often leading to ventricular concentric hypertrophy. Systolic 
blood pressure increases without a concomitant rise in dia-
stolic blood pressure creating an increased pulse pressure 
predisposing the elderly patient to a myocardial oxygen sup-
ply and demand mismatch.

As patients age, parasympathetic innervation to the myo-
cardium decreases. Despite this decrease in parasympathetic 
activity, sympathetic outflow and vascular response to sym-
pathetic stimulation are maintained [15].

Pulmonary

One of the biggest concerns of the anesthesiologist is the air-
way. When it comes to evaluating the airway of the elderly 
patient, keeping in mind the effects the aging process has on 
the musculoskeletal system is important. First, osteoarthritis is 
a common problem in the elderly. Arthritis of the cervical 
spine and limited neck extension often manifest as difficulty in 
successfully placing an endotracheal tube via standard direct 
laryngoscopy. There is also a gradual decrease in  muscle mass 
over time. This decrease results in hypotonia of the 
 hypopharyngeal and genioglossal muscles of the upper air-
way. This hypotonia may manifest as upper airway obstruction , 

Fig. 28.1 Diastolic dysfunction: Effect of decreased left ventricular 
compliance. At a given end-diastolic pressure, the end-diastolic volume 
is reduced and stroke volume falls as well (reprinted with permission 
from Reves et al. [59])

Fig. 28.2 Systolic dysfunction: With negative inotropy, the end- 
systolic pressure–volume point is shifted to the right and down. Stroke 
volume is reduced with compensation utilizing preload reserve, and 
stroke volume is restored at the expense of ejection fraction (reprinted 
with permission from Reves et al. [59])
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which not only would cause difficulty in bag mask ventilation, 
but also ventilation by an awake patient lying supine. The 
decrease in muscle mass not only affects the upper airway, but 
also the muscles of respiration as well. Decreased strength of 
the respiratory muscles contributes to easy fatigability, which 
can complicate weaning from mechanical ventilation [16]. 
The aging pulmonary system is also subjected to a decrease in 
chest wall compliance and a decrease in elastic recoil, both of 
which act to increase the work of breathing.

Elderly patients have a decreased response to hypercarbia 
and hypoxemia as well. This is caused by a decreased sensi-
tivity to carbon dioxide. Because opioids reduce the respira-
tory response to hypoxemia and hypercarbia, it is imperative 
that they be used judiciously and only with proper monitor-
ing in the preoperative period [16]. Benzodiazepines also 
produce respiratory depression, which may be exaggerated 
in the elderly patient secondary to the increased potency of 
these agents [17].

Renal

The steady decline in renal function, 10% per decade after 
the age of 50, experienced by the elderly, has an important 
effect on the pharmacokinetics and pharmacodynamics for 
the medications anesthesiologists choose [18]. Not only 
anesthetics but also many of the other medications used by 
anesthesiologists during cardiac surgery are cleared by the 
kidneys. This decline in renal function makes it imperative to 
take measures to protect the kidneys as much as possible dur-
ing the perioperative period. A preoperative evaluation of 
renal function will allow the anesthesiologist to properly for-
mulate a plan for appropriate medication choices and renal 
protection; from keeping the patient well hydrated, to giving 
mannitol prior to bypass, to using a dopaminergic agent such 
as fenoldopam [19].

Endocrine

Nearly 1 out of every 5 persons over the age of 60 is a dia-
betic [20]. By the year 2025, two-thirds of the adult diabetic 
population will be composed of those over 60 years of age 
[21]. Preoperatively, these patients must have their blood 
sugars checked, especially after being allowed nothing by 
mouth (NPO) for an extended period of time to prevent hypo 
or hyperglycemia. It is also important to have an intraopera-
tive plan in place to manage blood sugars not only in the 
diabetic, but also in the non-diabetic elderly population as 
hyperglycemia has been found to be a cause of perioperative 
morbidity. The latest studies have suggested that moderately 

tight glucose control with a blood sugar of less than 180 mg, 
rather than intensive glucose control of 81–108 mg, is the 
safest glucose management strategy for patients [22].

Fluid Balance

Almost all patients presenting for surgery have a fluid deficit 
secondary to their NPO status. This fluid deficit tends to be 
more pronounced in the elderly. The elderly patients have a 
decreased thirst mechanism, which leads them to be some-
what dehydrated at baseline [23]. They also have a dimin-
ished capacity to conserve water and salt secondary to 
decreased renal function [24]. Coupled with being NPO for 
8 h or greater can lead to a large deficit in intravascular vol-
ume, which causes a much greater degree of hypotension 
with the decrease in SVR seen with many of our induction 
agents.

Induction of Anesthesia

Monitors

Standard monitoring of cardiac surgical patient includes 
invasive blood pressure, pulse oximetry, ECG, central venous 
pressure, temperature, and capnography. An arterial line is 
started prior to induction of anesthesia so variations in blood 
pressure may be detected and swiftly remedied. The radial 
artery is superficial and easily accessed by most  practitioners. 
There is also collateral circulation to the hand which is easily 
checked and typically adequate. However, due to the distal 
position of the radial artery, there is often a discrepancy in 
blood pressure between the pressure tracing and the aortic 
pressure when coming off bypass (Fig. 28.3). This discrepancy  

Fig. 28.3 Arterial pressure: Arterial line waveforms as the sampling site 
is moved more peripherally from the heart (reprinted with permission 
from Reves et al. [59])
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is more apparent in patients with decreased vascular 
compliance  such as the elderly population.

A central line and CVP monitoring are also standard for 
cardiac surgery. A large bore central venous catheter will 
allow infusion of vasoactive drugs and also large amounts of 
fluids quickly should the need arise. Although CVP does not 
give direct left-sided filling pressures, in patients who have 
good left ventricular function it can be used as an estimate of 
left-sided filling pressures.

Pulmonary artery catheters allow monitoring of not only 
pulmonary artery pressures and inference of left ventricular 
filling pressures, but also continuous monitoring of SVO

2
, 

blood temperature, cardiac output, and some also have the 
ability to temporarily pace the heart. Despite all this useful-
ness, controversy continues to exist regarding their risk/ben-
efit ratio [25, 26]. Clinical indications along with absolute 
and relative contraindications are listed in Table 28.1.

Temperature is also a very important monitor for cardiac 
surgery, but especially in the elderly. Temperature is typically 
measured at numerous sites to approximate the patient’s 

core temperature. Blood temperature can be measured when 
a PAC is utilized. We also measure temperature via the blad-
der or rectum and the esophagus. Hypothermia has been found 
to lead to ischemia, arrhythmias, coagulopathy, increased risk 
of postop wound infection, impaired drug metabolism, and 
shivering; all of which may lead to complications in both the 
operating room and postoperatively in the ICU.

Urine output is measured with a foley catheter during car-
diac surgery. This allows the anesthesiologist to assess vol-
ume status via urine output. Kidney function can also be 
assessed by the amount of urine the patient produces. It is 
also a good way to assess a post cardiopulmonary bypass 
(CPB) coagulopathy as the urine will begin to turn pink or 
red if a coagulopathy exists or if hemolysis is present.

One of the newer monitors that has come into vogue in the 
past few years is the cerebral oximeter. This monitor mea-
sures intravascular regional hemoglobin oxygen saturation 
via transcranial near infrared spectroscopy and is meant to be 
used as an estimate of cerebral perfusion and cerebral blood 
flow. As determined by studies in awake patients, [27] a 
decline in the oxygen supply-demand balance is reflected as 
a decline in cerebral oximetry. Studies have found a decline 
of 20% from baseline or an absolute value of 50 or less are 
clinically important [28, 29]. A recent study from England 

Table 28.1 Clinical use of the pulmonary artery catheter

Diagnosis
Differentiation among causes of shock

Cardiogenic
Hypovolemic
Distributive (sepsis)
Obstructive (massive pulmonary embolism)

Differentiation between mechanisms of pulmonary edema
Cardiogenic
Noncardiogenic

Evaluation of pulmonary hypertension
Diagnosis of pericardial tamponade
Diagnosis of left-to-right intracardiac shunt
Diagnosis of lymphangitic spread of tumor and fat embolism (case 

reports based on blood aspirated from wedge position)

Therapy
Management of perioperative patient with unstable cardiac status
Management of complicated myocardial infarction
Management of patients following cardiac surgery
Management of severe preeclampsia
Guide to pharmacologic therapy

Vasopressors
Inotropes
Vasodilators (for patients with pulmonary hypertension)

Guide to nonpharmacologic therapy
Fluid management

Gastrointestinal bleed
Traumatic exsanguination
Burns
Renal failure
Sepsis
Heart failure
Decompensated cirrhosis
Ventilator management (assessment of best PEEP for O

2
 delivery)

(continued)

Table 28.1 (continued)

Complications of central venous catheterization
Immediate
Bleeding
Arterial puncture
Arrhythmia
Air embolism
Thoracic duct injury (with left SC or left IJ approach)
Catheter malposition
Pneumothorax or hemothorax

Delayed
Infection
Venous thrombosis, pulmonary emboli
Catheter migration
Catheter embolization
Myocardial perforation
Nerve injury

Contraindications
Absolute

Tricuspid or pulmonary valve stenosis
Prosthetic tricuspid or pulmonary valve
Right atrial or right ventricular mass
Cyanotic heart disease
Latex allergy
Previous pneumonectomy

Relative
Severe arrhythmias
Anticoagulation
Proposed pneumonectomy
Attempted floatation during cardiopulmonary bypass
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has shown interventions to correct decreased cerebral 
 oximetry by increasing oxygen delivery via increasing car-
diac output, blood pressure, and hemoglobin; reduce neuro-
logical injury, major organ morbidity, mortality, and duration 
of hospital stay [30].

The BIS monitor is another commonly used monitor by 
anesthesiologists during cardiac surgery. This monitor has 
proved especially useful during rewarming and separation 
from bypass as these are two of the most common times of 
patient awareness. A BIS number less than 60 is associated 
with general anesthesia and thus a low risk of awareness [31].

Intraoperative transesophageal echocardiography (TEE) 
has become an invaluable tool to anesthesiologists and sur-
geons during cardiac surgery, especially surgery involving the 
valves and aorta. A comprehensive TEE exam allows the anes-
thesiologist to confirm and refine the preoperative diagnosis, 
detect new or unsuspected pathology, adjust the anesthetic and 
surgical plan, and assess results of the surgical intervention. 
Unique and critical information is able to be obtained in the 
TEE exam that was not available previously in the operating 
room [32]. In fact, the American Society of Anesthesiologists 
and American Society of Echocardiography recommend the 
use of TEE in all open heart and thoracic aortic surgical proce-
dures and should be considered in coronary artery bypass graft 
surgery as well [33]. Studies have found that TEE influences 
cardiac surgical decisions in almost 10% of cases [34].

Epiaortic ultrasound is an ultrasound modality, which 
allows better detection of artheromatous disease in the aorta 
than either TEE or direct palpation. Cerebral embolism risk 
from aortic artheroma has been repeatedly described through-
out the history of cardiac surgery [35]. One study showed a 
25% risk of stroke in patients with mobile atheromatous 
plaque in the aortic arch compared with 2% rate in those with 
limited disease [36]. This modality may be employed as a 
way to avoid atheromas during cannulation, cross clamp, and 
vein graft placement. A study by Rosenberger found that the 

overall stroke rate in patients in whom epiaortic ultrasound 
was used was lower when compared with all patients under-
going surgical procedures. The use of epiaortic ultrasound 
was also found to influence surgical decision making in 
greater than 4% of cardiac surgical patients [37]

Drugs

Sedative Hypnotics

The induction of anesthesia for cardiac surgery is at times the 
most stressful part of the procedure for the anesthesiologist. 
Abrupt changes in coronary perfusion pressure, preload or 
contractility can lead to a patient’s demise. It is especially 
important to remember that the elderly patient is more 
 dependent on sympathetically mediated vasoconstriction to 
control their SVR; thus any inhibition of the sympathetic ner-
vous system, as often occurs with anesthetic drugs, will have a 
more profound hypotensive effect on these patients when 
compared with younger patients. It is also important to remem-
ber that the elderly patient has a decreased central volume of 
distribution, decreased systemic clearance, and decreased 
intercompartmental clearance of drugs [17]. The elderly car-
diac patient requires judicious, slow dosing of anesthetic drugs 
to prevent untoward effects (Tables 28.2 and 28.3).

There are many anesthetic drugs available for use in car-
diac surgery. A study by Tuman et al. demonstrated no dif-
ference in outcome, based on the anesthetic drug chosen for 
cardiac surgery [38, 39]. With this in mind, some of the more 
commonly used drugs for induction and maintenance will be 
addressed.

Propofol is one of the most common drugs used for induc-
tion of anesthesia. It may be used in the elderly patient for 
induction for cardiac surgery; however, one must beware of 

Table 28.2 Hemodynamic goals for induction of anesthesia

Preload HR Afterload

Aortic stenosis Full Avoid extremes Elevated
Aortic regurgitation Full Increased Decreased
Mitral stenosis Full Slow Decreased
Mitral regurgitation Balanced Fast Decreased
Ischemia Balanced Slow Decreased

Table 28.3 Hemodynamic effects of induction agents

SVR HR Stroke volume PVR

Propofol Decreased Decreased Decreased Decreased
Etomidate Decreased Increased Decreased Increased
Midazolam Decreased Unchanged Decreased Unchanged
Thiopental Increased Increased Decreased Unchanged
Opiates Decreased Decreased Unchanged Unchanged
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the drop in blood pressure caused by a decreased SVR, 
 preload, and contractility associated with propofol. These 
effects are more pronounced in elderly patients as propofol 
impairs the already decreased baroreceptor response. Despite 
these cardiovascular changes, they can be diminished if 
propofol is given slowly over a long period of time [40].

Thiopental is another commonly used induction agent. 
Like propofol, thiopental causes a decrease in blood pressure 
through peripheral venodilation and a decrease in contractil-
ity. When compared with propofol, thiopental also causes an 
increase in heart rate, which may be deleterious in patients 
with impaired coronary arteries as this will increase myocar-
dial oxygen consumption. Thiopental also causes a decrease 
in cardiac output and blood pressure in hypovolemic patients; 
however, these decreases are typically not as pronounced as 
that seen with propofol [41–43].

Etomidate is yet another sedative hypnotic used for induc-
tion of anesthesia. Etomidate is structurally unrelated to all 
other induction medications. Unlike other induction agents, 
etomidate has very little effect on the cardiovascular system. 
It does cause a mild decline in blood pressure secondary to 
decreased SVR; however, it does not appear to have any 
depressant effects on the myocardium. This may be the drug 
of choice for induction in a patient with low intravascular 
volume, coronary artery disease, or decreased ventricular 
function. Despite these advantages, etomidate does cause a 
high incidence of nausea and vomiting and also pain on 
injection. A single bolus dose also has been found to cause 
widespread adrenal inhibition in critically ill patients, which 
is reversible in 48 h [44]. Considering cortisol levels peak 
24 h after CPB, steroid supplementation may be required in 
patients who are induced with etomidate.

Benzodiazepines are also used for anesthesia induction. 
Midazolam has a quick onset and is short acting compared 
with alprazolam and diazepam, which makes it a better 
choice in the elderly population. Midazolam causes a dose-
related decrease in SVR. In spite of this, midazolam has been 
safely used for induction even in patients with severe aortic 
stenosis [45]. It must be kept in mind that induction with 
high dose midazolam will take longer than with propofol or 
thiopental [46]; however, the amnesic properties of midazo-
lam are more reliable thus making it a good choice for car-
diac surgery. There has been found to be an increased 
incidence of postoperative delirium in elderly patients who 
receive benzodiazepines, even when they are given prior to 
admission to the ICU [2]. The elimination half life of benzo-
diazepines is also increased by CPB, hence the anesthesiolo-
gist must be judicious in dosing these medications [47].

Dexmedetomidine is a novel alpha2-adrenergic agonist. It 
is able to produce sedation and analgesia without respiratory 
depression. This medication has been found to lower the 
requirements of other anesthetic agents, and at high enough 
doses can be used as a complete anesthetic. Side effects 

include decreases in heart rate and cardiac output, which is 
more pronounced at higher doses thus making it a less than 
ideal choice as the sole anesthetic for cardiac surgery. Despite 
this, studies have shown that dexmedetomidine does no influ-
ence hemodynamics after surgery. May be its most important 
attribute is how it can reduce postoperative delirium after 
cardiac surgery [48, 49].

Opiates

High-dose opiate anesthesia has been a mainstay of cardiac 
anesthesia for decades. With the exception of meperidine, all 
opiates produce some degree of bradycardia, which is bene-
ficial to the patient with coronary artery disease. The most 
commonly used opiates used in cardiac anesthesia will be 
discussed here.

Fentanyl and its analogs, sufentanyl, remifentanyl, alfenta-
nyl, have been in use in cardiac anesthesia since the late 1970s 
[50]. These synthetic narcotics lack cardiovascular depression, 
which is especially important during induction. They also have 
the advantage of being highly lipid soluble; have a more rapid 
onset of action, increased anesthetic potency, absence of hista-
mine release, and independence of renal function for drug 
clearance. Opiate drugs have amnesic properties; therefore, it 
is important to use a concurrent sedative hypnotic agent. Side 
effects of these medications, like all narcotics, include pruritis, 
constipation, urinary retention, and nausea.

Morphine is a naturally occurring opiate that has been 
coming back into vogue in cardiac anesthesia. Morphine was 
the first opiate used in high doses for cardiac anesthesia; 
however, it had fallen out of favor due to the fact that it causes 
histamine release, which leads to hypotension. It also may 
cause muscle rigidity at high doses, which may impair venti-
lation immediately after induction. However, a recent study 
by Murphy et al. demonstrated that morphine provided supe-
rior postop recovery in patients who had received it intraop-
eratively when compared with those who received fentanyl. 
Patients who received morphine had lower pain scores, 
required less analgesics, and had fewer febrile reactions [21]. 
This is most likely due to both the longer duration of action 
and the antiinflammatory affects of morphine when com-
pared with that of the fentanyl group of opiates.

Muscle Relaxants

The choice of muscle relaxant in cardiac anesthesia for the 
elderly patient is an important one as many of these drugs effect 
more than just the nicotinic receptors on skeletal muscles. 
One must also remember that the elderly have a smaller  volume 



37328 Cardiac Anesthesia in the Elderly

of distribution and typically have less muscle mass; therefore, 
the dose of all muscle relaxants should be reduced in this group 
of patients.

Succinylcholine is the only depolarizing muscle relaxant still 
in use. This drug is typically reserved when a rapid sequence 
intubation is required as it tends to cause an increase in heart 
rate. This drug is also not optimal in the elderly population as 
they typically have decreased renal function, and succinylcho-
line causes an increase in potassium. This increase (0.5 mMol) 
usually is not enough to make the patient hyperkalemic; how-
ever, it should be kept in mind that these patients may have 
decreased excretion of potassium due to their renal function.

The other muscle relaxants used in cardiac anesthesia are 
nondepolarizing muscle relaxants. Pancuronium is an older 
muscle relaxant not used very often in adult cardiac anesthe-
sia secondary to undesirable tachycardia. It is also important 
to keep in mind that it is very long acting and is cleared mainly 
by the kidneys, making it a suboptimal choice. Vecuronium is 
commonly used in cardiac surgery and is well suited for the 
elderly patient. It is intermediate acting without muscarinic 
affects and is excreted through the bile and kidney. Rocuronium 
has a similar side effect profile to vecuronium. It should be 
kept in mind that rocuronium is shorter acting so more fre-
quent redosing is necessary. Cisatracurium is unlike vecuro-
nium, rocuronium, or pancuronium in that it is not cleared by 
the kidneys at all. It is cleared in the blood by the Hoffman 
Reaction. Because it does not depend on renal or hepatic 
excretion, it is the muscle relaxant of choice in patients with 
hepatic or renal failure. Its side effect profile is similar to 
those of vecuronium and rocuronium.

Volatile Anesthetics

All volatile anesthetics are able to produce amnesia, some 
degree of analgesia, and some degree of muscle paralysis 
making them ideally suited as a sole anesthetic. However, the 
volatile anesthetics also produce decreases in blood pressure 
from arterial vasodilatation and depression of myocardial con-
tractility at their general anesthetic doses. It is important to 
keep in mind that volatile anesthetics have a greater myocar-
dial depressant effect on diseased myocardium so when used 
on patients undergoing cardiac surgery the circulatory effects 
will be much more profound. Volatile anesthetics also affect 
the pacemaker cells in the heart, at times causing a junctional 
rhythm, which may not be tolerated in the cardiac surgical 
patient. These effects are dose dependent; therefore, the vola-
tile anesthetics are typically used in lower doses than that 
which is required for general anesthesia and combined with an 
opiate for pain control and a muscle relaxant for paralysis.

Although any of the commonly used volatile anesthetics 
can be used in cardiac surgery, desflurane should be used 

with caution as it may cause tachycardia. Both isofluane and 
sevoflurane are appropriate to use; however, isoflurane has 
the benefit of being able to be run with lower fresh gas flows 
in the ventilator, which preserves moisture and prevents heat 
loss through the airway.

It is important to keep in mind that all volatile anesthetics 
possess vasodilatory and cardiac depressant effects. These 
are typically not well tolerated in the elderly cardiac patient 
at higher doses. For this reason, the volatile anesthetic is 
typically used at a lower dose and supplemented with a nar-
cotic. A high-dose narcotic anesthetic has the benefit of not 
only providing potent analgesia and blunting the sympathetic 
response to surgery, but also may decrease heart rate via its 
vagotonic effect, which is beneficial in ischemic and stenotic 
heart lesions.

Maintenance of Anesthesia

Prebypass

After induction of anesthesia and placement of lines and moni-
tors, the patient is turned over to the surgeon for their cardiac 
procedure. It is at this time baseline labs are checked. A baseline 
ACT is checked to help assess anticoagulation for bypass and a 
baseline ABG is also checked. Any electrolyte abnormalities 
are corrected and glucose is also managed. It is important to 
keep in mind that the elderly patients have a higher incidence of 
diabetes [51] making them more prone to hyperglycemia than 
the younger population. Much has been studied regarding peri-
operative glucose control. Hyperglycemia increases risk after 
myocardial infarction, stroke, and cardiac surgery [52, 53]. 
Therefore, glucose control is important in this surgical popula-
tion; however, overly aggressive glucose control in diabetic 
patients increases hypoglycemia risk, which carries severe con-
sequences if not detected and treated early [54].

Acid–base management is also important. It has long been 
debated whether alpha-stat or pH stat acid–base management 
is superior. Alpha-stat management helps to maintain normal 
cerebral auto regulation via the coupling of cerebral metabo-
lism to CBF. Alpha-stat monitoring allows adequate cerebral 
perfusion while avoiding an increased cerebral perfusion that 
is seen with pH stat monitoring [55]. Any increase in blood 
flow above what is necessary for cerebral metabolism 
increases the risk for emboli. Alpha-stat monitoring has also 
been found to improve neurocognitive outcomes in bypass 
surgery [56].

The goal of anesthesia maintenance at this time is to 
keep the patient hemodynamically stable to provide organ 
protection. This is accomplished typically through the use 
of a volatile anesthetic and narcotic technique, or via total 
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intravenous anesthesia (TIVA). The inhaled, volatile 
 anesthetics are preferred agents in cardiac surgery because 
of the anti-ischemic preconditioning that they provide. 
Recent studies have shown desflurane and sevoflurane 
reduce postoperative mortality and incidence of myocardial 
infarction following cardiac surgery and also decrease post-
operative cardiac troponin release, the need for inotrope 
support, mechanical ventilation time, time spent in the ICU, 
and overall hospital stay [57].

Both infusions and boluses of vasoactive drugs are uti-
lized to achieve the desired blood pressure and heart rate in 
the prebypass period. Short acting drugs, which are easily 
titratable, are preferred such as phenylephrine, ephedrine  
(an indirect acting cholinergic), nitroglycerin, and esmolol.

Bypass

During the bypass period, careful monitoring of the mean 
arterial pressure is imperative for both end organ and cere-
bral protection. It is also important to make sure that an ade-
quate anesthetic depth is achieved to prevent awareness and 
to keep the patient comfortable. Titrating a volatile anesthetic 
or a sedative hypnotic infusion to a BIS of less than 50 will 
ensure that the patient is at an appropriate level of anesthesia. 
Muscle relaxants are also given during the bypass period to 
ensure the patient does not move or have subclinical shiver-
ing, which could increase oxygen consumption during a time 
when oxygen delivery may be impaired.

Blood gasses are serially monitored and adjusted once 
again with alpha-stat interpretation to achieve a neutral acid–
base balance. Blood sugars are also checked and an insulin 
infusion is adjusted accordingly. Patients often become insu-
lin resistant and hypoglycemic while hypothermic and on 
CPB so the insulin requirements are greatly increased during 
this time. Close glucose monitoring is especially important 
when rewarming begins as a rebound effect is often seen and 
a precipitous drop in glucose may occur. Our practice is often 
to decrease the insulin dose by half at the start of rewarming 
to avoid hypoglycemia. Further adjustments to the insulin 
infusion are then made based on glucose measurements.

Separation from Bypass

Weaning and separation from bypass takes a coordinated 
effort between surgery, anesthesia, perfusion, and nursing. 
The condition of the patient preoperatively oftentimes dic-
tates how they will separate from bypass. Patients with dia-
stolic dysfunction typically require higher inotropic support 
[12]. The elderly patient with hypertension also has a higher 

risk of systolic dysfunction [13], which would increase the 
need for inotropic support of the heart when separating from 
bypass.

The anesthesiologist has a checklist in his or her head for 
separation from bypass to ensure that weaning and separa-
tion from bypass will be successful (Table 28.4).

Post Bypass

Once the patient is successfully weaned from bypass, hepa-
rin is reversed and labs are evaluated to check for coagulopa-
thy and assess that the patient’s blood gas, electrolytes, and 
glucose are all optimized. It is imperative for the anesthesi-
ologist to remain vigilant during this time as hemodynamics 
may abruptly change with chest closure.

New anesthetic techniques take advantage of short acting 
sedative hypnotics such as propofol and dexmedetomidine 
postoperatively so that excessive sedation does not hinder 
extubation. These drugs provide the benefits of rendering 
patients comfortable while intubated, and also being easily 
titratable and having a short half life.

Postoperative Period

After the elderly cardiac surgical patient is stable and extu-
bated, it is important to keep in mind the higher incidence of 
postoperative central nervous system dysfunction this popu-
lation has. Delirium is the most common form of cognitive 
impairment in hospitalized patients with positive predictors 
including age greater than 70, preexisting cognitive impair-
ment, a history of delirium, comorbidities, cardiac surgery, 
and poor functional status. This patient population is inher-
ently more at risk for delirium and other forms of postopera-
tive cognitive dysfunction because of the positive predictors 
they possess. For this reason it is prudent as anesthesiologists 
to avoid drugs such as benzodiazepines and anticholinergics, 
which have been found to contribute to postoperative 

Table 28.4 Separation from bypass checklist

Adequate anesthesia and paralysis
Stable rhythm, preferable sinus with synchronized atrial contraction
Normothermia
Potassium, calcium, and other electrolytes within normal range
Serum glucose within normal range
Normal acid–base status
Acceptable hematocrit
Normal SVR
No evidence of intracardiac air by TEE
Inotropes, vasopressors, and vasodilators available
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 cognitive dysfunction to reduce the already high risk as much 
as possible [57].

The elderly cardiac surgical patient presents many chal-
lenges to the anesthesiologist all the way from the preopera-
tive visit until they are discharged from the hospital. Tailoring 
anesthetic technique to this unique population helps to not 
only guide them safely through the perioperative period, but 
also contribute to overall patient safety and satisfaction. 
Despite the increasing age of cardiac surgical patients and 
the increased morbidity and mortality associated with this 
aging, operative mortality has not substantially increased. 
This can be attributed to multiple factors including improved 
surgical techniques, dedicated cardiac anesthesiologists, bet-
ter CPB machines, improved pharmacologic interventions, 
and better anesthetic techniques and technology [58].

References

 1. Keefover RW. Aging and cognition. Neurol Clin. 1998;16(3):635–48.
 2. Pandharipande P, Cotton BA, Shintani A, Thompson J, Pun BT, 

Morris Jr JA, et al. Prevalence and risk factors for development  
of delirium in surgical and trauma intensive care unit patients.  
J Trauma. 2008;65(1):34–41.

 3. Larsen SF, Zaric D, Boysen G. Postoperative cerebrovascular accidents 
in general surgery. Acta Anaesthesiol Scand. 1988;32(8):698–701.

 4. Parikh S, Cohen JR. Perioperative stroke after general surgical pro-
cedures. NY State J Med. 1993;93(3):211–5.

 5. Kim J, Gelb AW. Predicting periopeative stroke. J Neurosurg 
Anesthesiol. 1995;7(3):211–5.

 6. Kam PC, Calcroft RM. Peri-operative stroke in general surgical 
patients. Anesthesia. 1997;52(9):879–83.

 7. Limburg M, Wijdicks EF. LiH. Ischemic stroke after surgical proce-
dures: clinical features, neuroimaging, and risk factors. Neurology. 
1998;50(4):895–901.

 8. Landercasper J, Merz BJ, Cogbill TH, et al. Perioperative stroke 
risk in 173 consecutive patients with a past history of stroke. Arch 
Surg. 1990;125:986–9.

 9. Zile MR, Brustsaert DL. New concepts in diastolic dysfunction and 
diastolic heart failure: part II: Causal mechanisms and treatment. 
Circulation. 2002;105:1503.

 10. Vasan R, Larson M, Benjamin E, et al. Congestive heart failure in 
subjects with normal versus reduced left ventricular ejection frac-
tion: prevalence and mortality in a population-based cohort. J Am 
Coll Cardiol. 1999;33:1948–55.

 11. Ebert TJ, Rooke GA. Alterations in circulatory function. In: Silverstein 
JH, Rooke GA, Reves JG, McLeskey CH, editors. Geriatric anesthesi-
ology. 2nd ed. New York: Springer; 2008. p. 137–48.

 12. Groban L, Dolinski SY. Transesophageal echocardiographic evalu-
ation of diastolic function. Chest. 2005;128(5):3652–63.

 13. Vinch CS, Aurigemma GP, Simon HU, et al. Analysis of left ven-
tricular systolic function using midwall mechanics in patients >60 
years of age with hypertensive heart disease and heart failure. Am J 
Cardiol. 2005;19:59–64.

 14. Turner MJ, Cm M, Spina RJ, et al. Effects of age and gender on 
cardiovascular responses to phenylephrine. J Gerontol Med Sci. 
1999;54A:M17–24.

 15. Brodde O-E, Leineweber K. Autonomic receptor systems in the 
failing and aging human heart: similarities and differences. Eur J 
Pharmacol. 2004;500:167–76.

 16. Carti-Ceba R, Spring J, Gajic O, Warner D. The aging respiratory 
system: anesthetic strategies to minimize perioperative pulmonary 
complications. In: Silverstein JH, Rooke GA, Reves JG, McLeskey 
CH, editors. Geriatric anesthesiology. 2nd ed. New York: Springer; 
2008. p. 149–64.

 17. McEvoy MD, Reves JG. Intravenous hypnotic anesthetics. In: 
Silverstien JH, Rooke GA, Reves JG, McLeskey CH, editors. Geriatric 
anesthesiology. 2nd ed. New York: Springer; 2008. p. 229–45.

 18. Epstein M. Aging and the kidney. J Am Soc Nephrol. 1996;7:1106–22.
 19. Cogliati AA, Vellutini R, Nardini A, Urovi S, Hamdan M, Landoni 

G, et al. Fenoldopam infusion for renal protection in high-risk car-
diac surgery patients: a randomized clinical study. J Cardiothorac 
Vasc Anesth. 2009;23(1):128.

 20. Jack Jr L, Boseman L, Vinicor F. Aging Americans and diabetes.  
A public health and clinical response. Geriatrics. 2004;59:14–7.

 21. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-
2025: prevalence, numerical estimates, and projections. Diabetes 
Care. 1998;21:1414–31.

 22. Finfer S, Chittock DR, et al. Intesnsive versus conventional glucose 
control in critically ill patients. N Engl J Med. 2009;360(13):1283–97.

 23. Phillips PA, Rolls BY, Ledingham JG, Forsling ML, Morton JJ, 
Crowe MJ. Reduced thirst after water deprivation in healthy elderly 
men. N Engl J Med. 1984;311:753–9.

 24. Weidmann P, Demyttenaere-Bursztein S, Maxwell MH, DeLima J. 
Effect of againg on plasma rennin and aldosterone in normal man. 
Kidney Int. 1975;8:325–33.

 25. Robin ED. Defenders of the pulmonary artery catheter. Chest. 
1988;93:1059.

 26. Dalen JE, Bone RC. Is it time to pull the pulmonary artery catheter? 
JAMA. 1996;276:916.

 27. Roberts KW, Crnkowic AP, Linneman LJ. Near-infrared spectros-
copy detects critical cerebral hypoxia during carotid endarterec-
tomy in awake patients. Anesthesiology. 1998;89(3A):A934.

 28. Cho H, Nemoto E, Yonas H. Cerebral monitoring by means of oxi-
metry and somatosensory evoked potential during carotid endart-
erectomy. J Neurosurg. 1998;89:533.

 29. Monk TG, Reno KA, Olsen BS, et al. Postoperative cognitive 
 dysfunction is associated with cerebral oxygen desaturations. 
Anesthesiology. 2000;93:A167.

 30. Vohra HA, Modi A, Ohri SK. Does use of intra-operative cerebral 
regional oxygen saturation monitoring during cardiac surgery lead 
to improved clinical outcomes? Interact Cardiovasc Thorac Surg. 
2009;9(2):318–22.

 31. Myles PS, Leslie K, McNeil J, et al. Bispectral index monitoring to 
prevent awareness during anaesthesia: the B-Aware randomized 
controlled trial. Lancet. 2004;363:1757.

 32. Kahn RA, Shernan SK, Konstadt SN. Intraoperative echocardiogra-
phy. In: Kaplan JA, Reich DL, Lake CL, Konstadt SN, editors. 
Kaplan’s cardiac anesthesia. 5th ed. Philadelphia: Saunders Elsevier; 
2006. p. 437–88.

 33. Thys DM, et al. Practice guidelines for perioperative transesopha-
geal echocardiography. Anesthesiology 2010;112(1).

 34. Eltzschig HK, Rosenberger P, Loffler M, Fox JA, Aranki SF, 
Shernan SK. Impact of intraoperative transesophageal echocardiog-
raphy on surgical decisions in 12, 566 patients undergoing cardiac 
surgery. Ann Thorac Surg. 2008;85(3):845–52.

 35. Hartman GS, Yao FS, Bruefach 3rd M, et al. Severity of aortic 
atheromatous disease diagnosed by transesophageal echocardiogra-
phy predicts stroke and other outcomes associated with coronary 
artery surgery: a prospective study. Anesth Analg. 1996;83:701.

 36. Katz ES, Tunick PA, Rusinek H, et al. Protruding aortic atheromas 
predict stroke in elderly patients undergoing cardiopulmonary 
bypass: experience with intraoperative transesophagela echocar-
diography. J Am Coll Cardiol. 1992;20:70.

 37. Rosenberger P, Shernan SK, Loffler M, Shekar PS, Tuli FJA, JK NM, 
et al. The influence of epiaortic ultrasonography on intraoperative 



376 E.W. Nelson and J.H. Abernathy III

surgical management in 6051 cardiac surgical patients. Ann Thorac 
Surg. 2008;85(2):548–53.

 38. Tuman KJ, McCarthy RJ, Spiess BD, Ivankovich AD. Comparison 
of anesthetic techniques in patients undergoing heart valve replace-
ment. J Cardiothorac Anesth. 1990;4(2):159–67.

 39. Tuman KJ, McCarthy RJ, Spiess BD, DaValle M, Dabir R, Ivankovich 
AD. Does choice of anesthetic agent significantly affect outcome 
after coronary artery surgery? Anesthesiology. 1989;70(2):189–98.

 40. Schnider TW, Minto CF, Gumbus PL, et al. The influence of method 
of administration and covariates on the pharmacokinetics of propo-
fol in adult volunteers. Anesthesiology. 1998;88(5):1170–82.

 41. Ball C, Westhorpe R. The history of intravenous anaesthesia: the 
barbiturates. Part 1. Anaesth Intensive Care. 2001;19(2):97.

 42. Ball C, Westhorpe R. The history of intravenous anaesthesia: the 
barbiturates. Part 2. Anaesth Intensive Care. 2001;29(3):219.

 43. Ball C, Westhorpe R. The history of intravenous anaesthesia: the 
barbiturates. Part 3. Anaesth Intesive Care. 2001;29(4):323.

 44. Vinclair M, Broux C, Faure P, Brun J, Genty C, Jaquot C, et al. 
Duration of adrenal inhibition following a single dose of etomidate 
in critically ill patients. Intesive Care Med. 2008;34(4):714–9.

 45. Reves JG, Fragen RJ, Vinik HR, et al. Midazolam: pharmacology 
and uses. Anesthesiology. 1985;62:310.

 46. Harper KW, Collier PS, Dundee JW, et al. Age and nature of opera-
tion influence the pharmacokinetics of midazolam. Br J Anesth. 
1985;57:866.

 47. Ishikawa S, Kugawa S, Neya K, Suzuki Y, Kawasaki A, Hayama T, 
et al. Hemodynamic effects of dexmedetomidine in patients after 
cardiac surgery. Minerva Chir. 2006;61(3):215–9.

 48. Maldonado JR, Wysong A, van der Starre PJ, Block T, Miller C, 
Reitz BA. Dexmedetomidine and the reduction of postoperative 
delirium after cardiac surgery. Psychosomatics. 2009;50(3):206–17.

 49. Stanley TH, Webster LR. Anesthetic requirements and cardiovascu-
lar effects of fentayl-oxygen and fentanyl-diazempam-oxygen 
anesthesia in man. Anesth Analg. 1978;57:411.

 50. Murphy GS, Szokol JW, Marymont JH, et al. Morphine-based 
 cardiac anesthesia provides superior early recovery compared with 
fentanyl in elective cardiac surgery patients. Anesth Analg. 
2009;109(2):311–9.

 51. Ouattara A, Lecomte P, LeManach Y, et al. Poor intraoperative 
blood glucose control is associated with a worsened hospital out-
come after cardiac surgery in diabetic patients. Anesthesiology. 
2005;103:4.

 52. Egi M, Bellomo R, Stachowski E, et al. Variability of blood glucose 
concentration and short-term mortality in critically ill patients. 
Anesthesiology. 2006;105:2.

 53. van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin ther-
apy in the surgical intensive care unit. N Engl J Med. 2001;345:1359.

 54. Nauphal M, El-Khatib M, Taha S, Haroun-bizri S, Alameddine M, 
Baraka A. Effect of alpha-stat vs. pH-stat strategies on cerebral oxi-
metry during moderate hypothermic cardiopulmonary bypass. Eur J 
Anaesthesiol. 2007;24(1):15–9.

 55. Patel RL, Turtle MR, Chambers DJ, et al. Alpha-stat acid-base reg-
ulation during cardiopulmonary bypass improves neuropsychologic 
outcome in patients undergoing coronary artery bypass grafting. J 
Thorac Cardiovasc Surg. 1996;111:1267.

 56. Landoni G, Fochi O, Tritapep L, Garracino F, Belloni I, Bignami E, 
et al. Cardiac protection by volatile anesthetics. A review. Minerva 
Anestesiol. 2009;75(5):269–73.

 57. Culley DJ, Monk TG, Crosby G. Postoperative central nervous sys-
tem dysfuncion. In: Silverstein JH, Rooke GA, Reves JG, McLeskey 
CH, editors. Geriatric anesthesiology. 2nd ed. New York: Springer; 
2008. p. 123–36.

 58. Abernathy JH. Cardiac procedures. In: Silverstien JH, Rooke GA, 
Reves JG, McLeskey CH, editors. Geriatric anesthesiology. 2nd ed. 
New York: Springer; 2008. p. 229–45.

 59. Reves JH, Reeves S, Abernathy JH, editors. Atlas of cardiotho-
racic anesthesia. 2nd ed. New York: Current Medicine Group, 
Springer; 2009.



377M.R. Katlic (ed.), Cardiothoracic Surgery in the Elderly, DOI 10.1007/978-1-4419-0892-6_29,  
© Springer Science+Business Media, LLC 2011

Abstract As the population of our country continues to 
age, the number of elderly patients requiring cardiac surgery 
is inevitably going to rise. The limited functional and physi-
ological reserve of the elderly provides additional challenges 
in the perioperative care of these patients. However, there is 
still much benefit and quality of life to be gained by provid-
ing expert cardiac surgical care to the elderly. To do this 
effectively, close attention must be paid to their preoperative, 
intraoperative, and postoperative care. In addition, aggres-
sive postoperative cardiac rehabilitation is necessary to 
achieve our goal of returning our elderly patients to a normal 
life expectancy with reasonable quality of life.

Keywords Coronary artery bypass grafting • Off-pump 
coronary artery bypass • Aortic stenosis • Aortic valve 
replacement • Acute renal failure • Glomerular filtration 
rate • Carotid endarterectomy • Forced expiratory volume 
• Forced vital capacity • Mediastinitis • Cardiac 
rehabilitation

Introduction

The average age of cardiac surgery patients continues to 
increase as the population of the United States ages. Over the 
next 25 years, the population aged above 65 will grow at a 
rate 5 times than that of those under 65. The population aged 
above 85 will grow even more rapidly, making it the fastest 
growing segment of the population. In fact, between 2000 
and 2050, the elderly population over 65-years-old will more 
than double [1]. Although the indications for surgery do not 
necessarily change based on a patient’s age, the elderly 
patients have a lower functional reserve and a higher preva-
lence of comorbidities. Therefore, greater attention to their 

preoperative risk stratification and postoperative care is 
required.

Clearly, the goal of surgery for all patients, including the 
elderly, is to return them to a normal life expectancy with a 
reasonable quality of life when compared with their peers. In 
fact, major improvements in surgical and anesthetic tech-
niques, cardiopulmonary bypass (CPB), and postoperative 
critical care management have resulted in improved survival 
and decreased morbidity for elderly patients undergoing car-
diac surgery [2]. Nevertheless, the inevitable loss of reserve 
in each organ system that accompanies the aging process 
creates an increased vulnerability to postoperative complica-
tions. Elderly patients have a higher risk for neurologic 
impairment including not only stroke, but also postoperative 
delirium, depression, and subtle neurocognitive deficits. 
A higher prevalence of obstructive pulmonary disease and 
general decline in pulmonary function result in longer venti-
lator dependence and increased length of stay. A slow but 
steady decline in renal glomerular filtration rate, as we age, 
results in higher rates of renal insufficiency, and therefore 
difficulty in managing electrolytes and fluid status postoper-
atively. Suboptimal nutrition and osteoporosis lead to 
increased rates of sternal dehiscence and wound complica-
tions. All of these factors necessitate a more intense approach 
to risk factor assessment and management in the elderly, 
both pre- and postoperatively.

The importance of age as a risk factor in cardiac surgical 
outcomes cannot be underestimated. The Society of Thoracic 
Surgery Risk Calculator can provide a concrete example of 
this: consider a theoretical male patient of medium height 
and weight, with hypertension, diabetes, and a previous his-
tory of a myocardial infarction. He has stable angina, known 
three vessel disease and normal left ventricular function. If 
this patient presents for first time, elective, isolated coronary 
artery bypass grafting at age 50, his risk of mortality is 0.3%. 
If this same patient were to present for surgery at age 65, his 
mortality risk doubles to 0.6%, and increases by a factor of 
5–1.5% at age 80. The overall risk of morbidity or mortality 
in this 50-year-old patient almost doubles from 5.8 to 11.2% 
as his age increases to 80. The individual risk of renal failure 
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and stroke also triples in this theoretical patient (see 
Table 29.1) [3]. These are quite impressive statistics when 
you consider that the only variable is the patient’s age. 
However, despite the physiologic challenges posed by the 
elderly, there is good evidence that the current practice of 
cardiac surgery allows them to experience a meaningful 
improvement in functional capacity and quality of life 
postoperatively.

Operation-Specific Risk Factors

Cardiovascular disease is the leading cause of death in the 
US. As the population continues to age, the prevalence of 
elderly patients with symptomatic coronary artery disease 
requiring bypass is also increasing. Historically, studies have 
shown the morbidity and mortality of elderly patients under-
going cardiac surgery to be significantly higher when com-
pared with their younger counterparts. Independent predictors 
of mortality for patients of any age following coronary artery 
bypass grafting (CABG) are shown in Table 29.2: age, gen-
der, prior CABG, vascular disease, COPD, history of CHF, 
shock or emergency procedure, impaired left ventricular 
ejection fraction (LVEF), renal insufficiency, and preopera-
tive MI. The National Cardiovascular Network (NCN) revas-
cularization database is a collaboration of 22 US high volume 
centers. A recent report from this database reviewed 64,467 
patients undergoing CABG alone, and compared patients 
<80 (n = 60,161) with those ³80-years old (n = 4,306) [2]. 
Both groups had a similar preoperative LVEF. However, the 
patients aged ³80-years had more extensive coronary artery 
disease, a higher frequency of preoperative shock, left ven-
tricular assist device placement, and surgery under emer-
gency circumstances. The elderly patients had a significantly 

higher operative mortality at 8.1% vs. 3% in the younger 
patients (see Fig. 29.1). Postoperative renal failure and neu-
rologic complications were also twice as high in the patients 
³80-years old (see Fig. 29.2).

Another study evaluating predictors of mortality and out-
comes following CABG in the elderly analyzed 3,683 
patients at a single institution in the UK over a 5-year period. 
Risk factors for operative mortality were female gender, severe 
angina, prolonged CPB time, preoperative arrhythmias, and 

Table 29.1 The impact of age on the incidence of postoperative 
complications following coronary artery bypass in a low risk, idealized 
patient, based on the Society of Thoracic Surgery Risk Calculator

Age (years) 50 (%) 65 (%) 80 (%)

Risk of mortality 0.3 0.6  1.5
Morbidity or mortality 5.8 7.3 11.2
Renal failure 0.8 1.3  2.5
Permanent stroke 0.4 0.7  1.2

Table 29.2 Independent predictors of mortality for patients following 
CABG

Age Gender
Prior CABG Vascular disease
COPD History of CHF
Shock or emergency procedure Impaired ejection fraction
Renal insufficiency Preoperative MI

Fig. 29.1 Observed in-hospital mortality after cardiac surgery among 
all patients. Diamond = CABG; solid square = CABG/AVR; 
 triangle = CABG/MVR. AVR aortic valve replacement; CABG coronary 
artery bypass grafting; MVR mitral valve repair or replacement 
(reprinted from Alexander et al. [2], Copyright Elsevier 2000, with 
 permission from the American College of Cardiology)

Fig. 29.2 In-hospital mortality, postoperative neurologic complica-
tions and postoperative renal failure after CABG by age. 
Diamond =  mortality; square = renal failure; triangle = neurologic events 
(reprinted from Alexander et al. [2], Copyright Elsevier 2000, with 
 permission from the American College of Cardiology)
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renal impairment. The elderly group, ³75-years old, com-
prised 18% of the cohort (659) and had a 1-year mortality of 
9% compared with 4% in the 60–74 age group [4]. However, 
this mortality in the elderly group dropped from 15%, in the 
first year of the study, to 7%, in the last year of the study, 
while the mortality rate remained relatively stable in the 
younger population. The authors attributed the 50% drop in 
mortality to improved CPB management and more experi-
ence in the postoperative care of these elderly patients.

One of the goals of cardiac surgery has been to minimize 
the morbidity and mortality in all patients, but most notably 
the elderly, as they are most at risk. Out of this effort sprang 
“off pump” coronary bypass surgery. Off-pump coronary 
artery bypass (OPCAB) avoids hypothermia, CPB, aortic 
cannulation, and in some cases even eliminates significant 
manipulation of the aorta. All of these features have signifi-
cant theoretical advantages for the elderly. In fact, many 
studies report lower incidences of morbidities such as post-
operative renal failure and stroke with OPCAB when com-
pared with conventional CABG [5]. However, long-term 
clinical outcomes with OPCAB in the elderly show trends 
toward lower survival and higher rates of repeat revascular-
ization [6]. Yet another obvious way to continue to improve 
survival is through earlier intervention in the elderly patients 
prior to acute deterioration of symptoms and left ventricular 
impairment.

The surgical treatment of elderly patients with valvular 
heart disease will inevitably come under new scrutiny as 
well, with the advent of percutaneous valve implantation 
techniques. Aortic valve stenosis (AS) is the most commonly 
acquired heart valve lesion in the elderly, with a prevalence 
of 2% in Americans over 65-years old, caused by degenera-
tive changes with complex calcification of the native leaflets 
and annulus. Aortic valve replacement (AVR) in the elderly 
has been demonstrated to have excellent functional outcomes 
with satisfactory long-term survival rates. A review of 247 
patients >70-years old undergoing AVR at Johns Hopkins 
Hospital demonstrated a 6.1% operative mortality, with a 
1-year actuarial survival of 89.5% [7]. Some of the most 
commonly quoted risk factors for operative mortality with 
valvular heart disease as seen in Table 29.3 are as follows: 
older age, reduced ejection fraction, NYHA functional class, 
pulmonary hypertension, respiratory dysfunction, peripheral 
vascular disease, urgent surgery, renal dysfunction and 

 previous cardiac surgery [8]. Long-term survival has been 
shown to be detrimentally influenced by aortic valve regurgi-
tation, postoperative renal failure, stroke, and intra-aortic 
balloon pump usage [9].

Combining valve surgery with coronary revascularization 
leads to additional mortality risk. The 345 octogenarians in 
the NCN revascularization database undergoing combined 
CABG/AVR had a mortality rate of 10.1% vs. 7.9% for those 
<80-years old [2]. Interestingly, the addition of an AVR 
appears to increase mortality by the same increment regard-
less of age category, whereas MVR adds increasingly to 
operative mortality risk with advancing age (see Fig. 29.1). 
Those patients ³80-years old undergoing combined CABG/
MVR (n = 92) had a mortality of 19.6% (11.5% higher than 
CABG alone), whereas in the group <80-years old, the mor-
tality was 12.2% (9.2% higher than a CABG alone). Despite 
their increased age, aggressive surgical treatment is still war-
ranted in the symptomatic, elderly patient, at least until more 
data are available on newer less invasive percutaneous 
techniques.

Renal Insufficiency

Acute renal insufficiency is a serious complication of cardiac 
surgery and is associated with significant morbidity and mor-
tality when renal replacement therapy becomes necessary. 
Acute renal failure (ARF) requiring dialysis occurs in 1–5% 
of patients following cardiac surgery and is dependent on 
many preoperative, intraoperative, and postoperative factors. 
The mortality of ARF requiring dialysis following cardiac 
surgery is upwards of 50% in some studies [10]. Some of the 
most significant risk factors for postoperative ARF include 
preoperative renal insufficiency, diabetes, prolonged CPB 
time, postoperative hypotension, and age [11].

As we age, many structural and functional changes 
occur to our kidneys, which lead to diminished nephron 
reserve and a reduced capacity of renal autoregulation. 
Chronic diseases such as hypertension, diabetes, and car-
diovascular disease also become more prevalent in the 
elderly, which promotes renal damage. Anatomic changes 
to the kidneys with age include a decrease in volume and 
weight due to glomerulosclerosis and tubulointerstitial 
fibrosis. These structural changes that occur with advanc-
ing age result in functional alterations and a concomitant 
decrease in glomerular filtration rate (GFR) (see Fig. 29.3) 
[12]. The Cockcroft-Gault equation is a simplified estima-
tion of GFR based on the patient’s age, weight, gender, and 
creatinine:

(140 age) (wgt in kg) (0.85 for females)
GFR = .

72 creatinine

− × ×
×

Table 29.3 Risk factors for operative mortality with valvular heart 
disease

Age Reduced ejection fraction
NYHA functional class Pulmonary hypertension
Respiratory dysfunction Peripheral vascular disease
Urgent surgery Renal dysfunction
Reoperative cardiac surgery
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The significant impact of age on GFR can be observed 
with this formula. Roughly speaking, for every year of life 
you lose 1 cc of glomerular filtration. For example, a 40-year 
old, 75 kg male patient with a creatinine of 1.0 mg/dL has a 
GFR of 104 mL/min. Using the Cockcroft-Gault equation, 
this same patient 40 years later, at 80 years of age, would 
have a GFR of only 62 mL/min. In addition to this loss of 
glomerular filtration, there is also a decrease in the autoregu-
latory vascular defense and an increase in renal tubular fra-
gility [13]. All of these factors combine to make the elderly 
patient less capable of withstanding the acute nephrotoxic 
insults incurred in the perioperative period.

The detrimental effects on kidney function specific to 
CPB can be attributed to renal hypoperfusion, nonpulsatile 
flow, hypothermia, and stimulation of the systemic inflam-
matory response. Bypass in and of itself is associated with a 
mild decrease in GFR, filtration fraction, and renal vascular 
resistance, and at the same time increases the fractional 
excretion of sodium and free water clearance. There is also a 
concomitant release of renin, aldosterone, angiotensin II, and 
vasopressin. In an effort to minimize the hormonal and phys-
iological chaos that is detrimental to kidney function, off-
pump surgery has been proposed as a means of minimizing 
this renal insult. Unfortunately, studies have failed to demon-
strate a reduction in renal morbidity with off-pump when 
compared with conventional on-pump cardiac surgery [14].

The Society of Thoracic Surgery database defines postop-
erative ARF as a rise in the serum creatinine to greater than 
2.0 mg/dL associated with at least a doubling of the patient’s 
preoperative creatinine, not as a need for renal replacement 
therapy. Perhaps an even more sensitive way of defining 
postoperative renal dysfunction would involve estimation of 
postoperative GFR, a more accurate assessment of renal 
function. Preoperatively, once the GFR falls below 60 mL/
min, there is a significant increase in the risk of postoperative 
renal dysfunction. To reduce these risks preoperatively, all 
potentially nephrotoxic medications should be discontinued 
and the patient should be adequately hydrated. Perioperatively, 

hemodynamics should be optimized to avoid any periods of 
hypotension. Ischemic acute tubular necrosis (ATN) most 
often results from hypotension and a low cardiac output state, 
and is the most common etiology of postoperative ARF. It is 
often due to hypovolemia or the use of vasoconstricting alpha 
agents, which overwhelm the ability of the kidney to auto-
regulate GFR and maintain perfusion and filtration. 
Postoperative volume administration must be aggressive to 
maintain adequate intravascular volume, to ensure an appro-
priate cardiac output and renal perfusion. However, it must 
simultaneously be judicious, so as to avoid jeopardizing pul-
monary function. As patients age, the tipping point is even 
narrower.

Postoperative renal insufficiency and failure, as is the case 
in all instances of renal dysfunction, can be categorized as 
nonoliguric or oliguric. Nonoliguric renal failure creates a 
more easily negotiated balance regarding volume overload 
and electrolyte homeostasis. In this situation, it is paramount 
to avoid further insults to the kidneys while awaiting sponta-
neous recovery of function. In oliguric renal failure, high-
dose diuretics are often used to try to convert to a nonoliguric 
phase with the hope of minimizing the impact of fluid reten-
tion and volume overload on pulmonary function and tissue 
edema. However, in this situation, renal replacement therapy 
often becomes necessary as a result of hypervolemia, hyper-
kalemia, uremia, and metabolic acidosis. Correction of elec-
trolytes can be achieved with either intermittent hemodialysis 
or with continuous venovenous hemodialysis, which is fre-
quently used as a result of the commonly associated hemo-
dynamic instability in this patient population. However, renal 
replacement therapy is not benign, and its use is associated 
with a close to 50% mortality in this postoperative popula-
tion. In fact, in our population, renal replacement therapy in 
octogenarians was required in over 4% of patients, 2–3 times 
that seen in a typical population of open heart surgery patients 
viewed as a whole, and was associated with a mortality of 
over 60% [15].

Gastrointestinal Complications

Gastrointestinal (GI) complications occur in 0.5–4% of post-
operative cardiac surgery patients and cause significant 
morbidity and mortality [16]. Complications include GI 
bleeding, mesenteric ischemia, pancreatitis, cholecystitis, 
perforated ulcers, as well as ileus/obstruction. The pathophys-
iologic mechanism for many of these complications is 
vasoconstriction and hypoperfusion of the splanchnic bed in 
the perioperative period. Contributing factors include 
hemodilution and nonpulsatile flow, which are usually 
unavoidable during CPB, but postoperative low cardiac out-
put and the use of vasopressors must be viewed as significant 

Fig. 29.3 Estimated GFR vs. age
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contributors as well. Decreased visceral and mucosal perfu-
sion of the GI tract leads to bacterial translocation, sepsis, 
and multiorgan failure. Older age has been shown in many 
studies to be an independent predictor of GI complications 
after cardiac surgery [16–18].

In addition to age, other independent risk factors for GI 
complications include renal failure, prolonged CPB time, and 
urgent/emergent operative status. Patients developing GI com-
plications postoperatively have been shown to require addi-
tional procedures, have a higher incidence of postoperative 
arrhythmias, and are more likely to develop neurologic, pulmo-
nary, renal, and sternal wound complications [19]. These 
patients predictably spend more time in the ICU, have pro-
longed ventilator times and overall length of hospitalization. 
The development of any GI complication significantly increases 
operative mortality up to fivefold in some studies [16].

Identifying the risks preoperatively for postoperative GI 
complications is important to sensitize the practitioner and 
allow for early recognition of the complications, and earlier 
intervention, with the hope of minimizing the associated 
morbidity and mortality. When patients exhibit signs and 
symptoms of an acute intraabdominal process such as 
abdominal pain/tenderness or gross/occult GI bleeding, sus-
picion and a search for the etiology should be immediate. 
However, frequently the presentation is subtle, with the first 
hint of a problem being an elevated white blood cell count or 
slightly abnormal liver function tests (LFTs). A serum amy-
lase/lipase or random lactate level can be extremely helpful 
in this setting. Successful treatment hinges on early identifi-
cation of the underlying etiology as postoperative cardiac 
patients, particularly the elderly, are usually too fragile to 
withstand the stress of prolonged intestinal ischemia, sepsis, 
or bleeding. The importance of serial abdominal exams 
should not be underestimated, and should be associated with 
timely laboratory evaluations, abdominal imaging with ultra-
sound or computed tomography, as well as endoscopy in the 
case of GI bleeding or possible colonic ischemia. The key to 
therapy is early diagnosis.

Neurologic Impairment

Neurologic complications following cardiac surgery are 
extremely common in the elderly and result in prolonged 
length of hospital stay and subsequent rehabilitation. The 
spectrum of neurologic sequelae ranges from stroke, which 
is seen in up to 6% of patients undergoing CAB, to much 
more prevalent, subtle neurocognitive changes [20, 21]. 
These include mild deficits in memory, attention, concentra-
tion, and language, and can be seen in 60–70% of patients 
undergoing cardiac surgery. The three main etiologic 
factors involved are cerebral embolization, hypoperfusion, 

and generalized perioperative inflammation. Also commonly 
seen in the elderly is the postoperative delirium, a transient 
but global impairment in cognitive function, which occurs in 
up to 80% of the ICU population [22]. It is a major postop-
erative morbidity factor, associated with a significant increase 
in mortality and length of stay (see Fig. 29.4). Delirium is a 
persistent problem in the ICU, without a clearly defined ther-
apy or a well understood etiology, except for being multifac-
torial. Inciting events and risk factors other than age include 
preoperative organic brain disease, metabolic derangements, 
alcohol withdrawal, low cardiac output, hypoxia, sepsis, and 
medications.

Preoperative predictors of neurologic sequelae after car-
diac surgery include the following: advanced age, prior neu-
rologic events, hypertension, diabetes, and peripheral/carotid 
vascular disease [23, 24]. These risk factors identify indi-
viduals with widespread cerebrovascular disease, impaired 
cerebral blood flow, or increased susceptibility to throm-
boembolic events. Studies have also identified intraoperative 
predictors for perioperative neurologic events. These inde-
pendent risk factors include the following: the presence of 
significant aortic arch atherosclerosis, longer duration of 
CPB, and CAB with concomitant carotid endarterectomy 
(CEA) [25]. The issue of performing a concomitant CAB/
CEA in patients with significant (>70%) internal carotid 
artery (ICA) stenosis has been debated in the literature, and 
the benefits remain unclear. However, it is important to iden-
tify those patients with significant carotid disease through 
appropriate screening so that operative decisions can be 
made with regards to a concomitant, vs. staged, CAB and 
CEA. A retrospective analysis of 1,421 consecutive CAB 
patients at Johns Hopkins Hospital was performed to identify 
the potential merits of preoperative carotid screening. The 
study reinforced the notion that significant carotid stenosis 

Fig. 29.4 Kaplan-Meyer analysis of delirium in the intensive care unit 
and 6-month survival (reprinted with permission from Ely et al. [22]. 
Copyright 2004 American Medical Association. All rights reserved)
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was a risk factor for stroke, neurologic injury, and in-hospital 
mortality. The issue of who would benefit from a preopera-
tive workup showed that although 80% of our patients 
 underwent preoperative carotid screening, only 13% had sig-
nificant carotid disease. It was determined that despite the 
importance of preoperative detection of this at-risk popula-
tion, selective screening of only those patients >65-years 
old, those with a carotid bruit, or those with a history of 
cerebrovascular disease would have reduced the screening 
load by nearly 40%, with negligible impact on surgical man-
agement or neurologic outcomes [26].

Identifying both the mechanism of injury, as well as the 
potential modifiable risk factors for unfavorable neurological 
outcomes will allow us to develop strategies to combat these 
complications. Some of the neurophysiologic monitoring 
modalities employed intraoperatively include the following: 
near-infrared cerebral oximetry, jugular bulb oximetry, 
 electroencephalography (EEG), somatosensory evoked 
potentials, and transcranial Doppler ultrasound. These intra-
operative multimodality strategies can help detect cerebral 
hypoperfusion and tissue hypoxia in real time, and may help 
to reduce the incidence of postoperative neurologic compli-
cations [27]. Cerebral oximetry is commonly used and is a 
simple method of measuring cerebral oxygenation. Studies 
have shown that prolonged intraoperative cerebral desatura-
tions are associated with adverse neurological outcomes and 
prolonged hospital stay. Interventions, such as adjustments 
in perfusion pressure, oxygenation, or anesthetic administra-
tion have been shown to decrease postoperative morbidity 
and mortality, length of hospital stay, ICU stay, ventilation 
times, and most importantly have significantly reduced the 
incidence of neurologic complications [28].

Studies in the area of postcardiac surgery neurologic out-
comes have focused on clinically obvious neurologic and 
psychologic dysfunction such as stroke, disorientation, and 
depression. Assessing the degree of neurologic impairment 
in the postoperative period involves neurologic examination 
and cerebral imaging. CT is usually the first line of imaging 
since it can quickly identify hemorrhage and is more readily 
available than MRI. MRI is a more sensitive test and has 
demonstrated cerebral edema as early as 1 h after CAB sur-
gery. However, MRI cannot currently be performed while 
pacing wires are attached to the heart, either internal or exter-
nal. Diffusion-weighted MRI can also help differentiate 
acute from chronic brain ischemia, but there is poor correla-
tion between the presence of lesions on MRI and clinical 
cognitive dysfunction.

With the introduction of neuropsychometric testing, much 
more subtle injury patterns can be detected postoperatively. 
This testing typically includes measures of language, mem-
ory, attention, concentration, and psychomotor performance. 
Many studies have established that the incidence of cognitive 
decline varies among the different domains of cortical 

function, which are tested. Short-term cognitive changes 
have been documented in some patients after CABG, but 
these changes are generally mild and reversible by 3–6 
months after surgery [29]. Although some early observa-
tional studies reported a lower incidence of cognitive decline 
after off-pump CAB surgery, more recent trials have not 
found significant differences between on and off-pump sur-
geries in the degree of early or late cognitive outcomes.  
A prospective, nonrandomized, longitudinal study from 
Johns Hopkins compared neurocognitive outcomes at 72 
months in patients undergoing on-pump CAB (n = 152), off-
pump CAB (n = 75), nonsurgical cardiac comparison sub-
jects (n = 99), and heart-healthy controls (n = 69). No 
significant differences were found in the long-term cognitive 
outcomes among patients with various coronary artery dis-
ease therapies, indicating that underlying disease, and not 
the management strategy, is the most important determinant 
of long-term cognitive outcome [30].

A more sensitive measure of neurologic injury could be 
useful to help identify care issues that lead to neuropsycho-
logical deficits in the elderly. Various molecular markers 
released by the injured brain have been used to measure cere-
bral injury. Neuronal, glial, and endothelial cells of the CNS 
elaborate these substances in response to ischemia/reperfu-
sion injury. Assaying for these biochemical markers provides 
a relatively noninvasive way to measure the degree of injury. 
Brain-specific creatine phosphokinase (CPK-BB) is a bio-
chemical marker, which has been found at higher levels in 
the blood of post CPB patients [31]. However, there has been 
no correlation between CPK-BB concentrations and neuro-
logic dysfunction. Another protein is S100b, which promotes 
axonal growth, glial proliferation, and neuronal differentia-
tion, and is released by injured glial cells after cardiac sur-
gery. It has been shown to correlate with intraoperative 
cerebral microemboli quantified with transcranial Doppler 
sonography [32]. Although not currently used routinely, a 
reliable, noninvasive biochemical test to detect subtle neu-
rocognitive deficits would provide great benefit to surgeons 
searching for improved methodologies to care for these 
patients intraoperatively, as well as postoperatively. As it 
stands, the preoperative recognition of risk with appropriate 
intraoperative management is the most important step in 
reducing the morbidity and mortality associated with periop-
erative strokes and long-term neurocognitive deficits in the 
elderly.

Pulmonary Care

Pulmonary function has been shown to be a strong indepen-
dent risk factor for cardiovascular mortality [33]. Even healthy 
individuals experience a normal decline in pulmonary 
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function with aging, which accelerates after the age of 70 
[34]. These facts account for the increased pulmonary com-
plications encountered during the perioperative period in the 
elderly. Two of the major spirometric values predictive of 
operative outcomes are the forced expiratory volume in 1 s 
(FEV1) and the forced vital capacity (FVC). Both of these 
variables have been shown to decline with age (see Figs. 29.5 
and 29.6). Over 5,200 subjects enrolled in The Cardiovascular 
Health study, a population-based observational study of car-
diovascular disease in the elderly, demonstrated the magni-
tude of the independent association of age on lung function 
to be a mean loss in FEV1 of approximately 50 cc/year [35]. 
The diffusion lung capacity for carbon monoxide 
(DLCO) has also been found to be a prognostic indicator of 

postoperative morbidity and mortality, and may be even 
more sensitive than FEV1. In fact, a recent study of 462 
patients undergoing lung cancer resection, DLCO had a sig-
nificant effect on survival while FEV1 did not [36]. FEV1 
focuses largely on the presence and degree of obstructive 
lung disease while DLCO measures gas exchange, and may 
serve as a better indicator of cardiopulmonary reserve. The 
presence of baseline respiratory insufficiency, in the form of 
COPD (chronic bronchitis, emphysema, or asthma) or smok-
ing, is associated with lower spirometric values and portends 
worse operative outcomes. Some of the potentially modifi-
able risk factors associated with low lung function include 
systolic hypertension, CHF, cigarette smoking, and asthma.

Timely extubation is the primary pulmonary goal follow-
ing any cardiac surgical procedure. Early extubation 
decreases the risks of pulmonary complications such as ven-
tilator associated pneumonia, often improves hemodynam-
ics, and also accelerates patient mobilization and allows for 
transfer out of the ICU. Criteria for extubation in general 
include the following: hemodynamic stability, cessation of 
postoperative bleeding, normothermia, normocapnea with 
no ongoing acidosis, and the ability of the patient to be 
responsive to his or her environment. Delays in achieving 
appropriate mechanical parameters involve the decrease in 
respiratory drive and diaphragmatic function brought on by 
general anesthetics, neuromuscular blockers and narcotics, 
incisional pain, and the discomfort from pleural and medi-
astinal drains. Other patient-related risk factors for prolonged 
ventilator-dependence or pulmonary complications include 
older age, tobacco use, COPD, renal dysfunction, and obe-
sity. Procedure-related risk factors include prolonged CPB 
time, as well as overly aggressive fluid resuscitation or mul-
tiple transfusions. Finally, postoperative delays in extubation 
occur as a result of poor cardiac function with associated 
borderline hemodynamics, postoperative bleeding, and 
stroke or decreased level of consciousness.

The inflammatory response seen in patients following 
CPB is invariably associated with an increased Arterial – 
alveolar oxygen gradient, which if severe enough can delay 
extubation. Increased alveolar capillary membrane permea-
bility leads to increased extravascular water, intra-alveolar 
fluid, and intrapulmonary shunt, with resultant hypoxemia. 
The associated decrease in lung compliance also negatively 
impacts respiratory mechanics, which in the elderly can often 
prevent early extubation. The main management strategy is 
intraoperatively to minimize bypass time, and postoperatively 
to diurese as quickly as the patients’ hemodynamics will 
allow. In patients requiring prolonged ventilation for greater 
than 1 week, consideration should be given to early tracheos-
tomy, to prevent laryngeal damage, swallowing dysfunction, 
and facilitate earlier weaning from the ventilator. In this 
patient population, tracheostomy reduces airway resistance, 
allows for easier suctioning of secretions, and decreases the 

Fig. 29.5 Mean predicted FEV1 by age, stratified by gender (data from 
Griffith et al. [34])

Fig. 29.6 Mean predicted FVC by age, stratified by gender (data from 
Griffith et al. [34])
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risk of pneumonia. A recent study of 205 patients requiring 
prolonged ventilation following a cardiovascular operation 
demonstrated that early tracheostomy (<7 days) had favor-
able effects on the expected mortality and overall infection 
rates in these critically ill patients [37]. Although tracheos-
tomy is often quoted as a potential risk factor for mediastinitis 
following median sternotomy, there are no randomized trials 
supporting this claim. In fact, many studies demonstrate that 
tracheostomy is not a risk factor for deep sternal wound infec-
tions, and merely serves as a surrogate for respiratory failure, 
which may be the true risk factor for mediastinitis [38]. Once 
extubated, aggressive pulmonary care is important, especially 
in the elderly who have diminished strength and reduced pul-
monary reserve. This should include frequent incentive 
spirometry, coughing, and deep breathing, to help maintain 
their functional residual capacity.

Cardiovascular Management

The primary cardiovascular goal following any cardiac sur-
gical procedure is maintenance of the patient’s cardiac out-
put to support adequate perfusion of the brain, heart, and 
body. There are no absolute cutoffs that define sufficient car-
diac output; however, a cardiac index of at least 2.2 L/min/m2 
is often quoted as a minimum goal. The marginal cardiac 
function of many of our patients, as well as the initial myo-
cardial ischemia/reperfusion injury associated with operat-
ing on the quiescent heart, often leads to an initial worsening 
of compliance and contractility, requiring the use of low-
dose inotropic support in the early postoperative period. 
However, this is usually a transient phenomenon, and persis-
tence of a low cardiac output state is a different problem 
entirely. It is more commonly seen in elderly patients, is 
associated with prolonged CPB times, and is exacerbated by 
preoperative, baseline systolic, or diastolic dysfunction. It is 
important to differentiate between early, transient myocar-
dial dysfunction, which invariably responds to low dose ino-
tropes, and more severe cardiac impairment with an associated 
low cardiac output state, which is much less responsive to 
low dose, short-term inotropes. The manifestations are usu-
ally obvious, including hemodynamic instability, poor 
peripheral perfusion/tissue oxygenation, renal dysfunction 
and oliguria, and a persistent metabolic acidosis despite ade-
quate preload and appropriate afterload diminution. Ongoing 
ischemia, which might be amenable to immediate reopera-
tion or a percutaneous intervention, valvular dysfunction, 
unrecognized intraoperatively, as well as tamponade or a 
pneumothorax with some element of tension, must all be 
ruled out immediately.

Mediastinal bleeding with resultant hypovolemia, 
tamponade, or acute anemia is one of the most commonly 

encountered early postoperative complications and will often 
significantly diminish cardiac output and tissue perfusion. 
Postoperative bleeding is problematic in open heart patients 
who bleed for medical and not just surgical reasons. CPB 
induces a coagulopathy with subsequent bleeding resulting 
from hemodilution. This results in insufficient concentration 
of clotting factors, activation of the coagulation cascade with 
plasminogen activation and fibrinolysis, as well as platelet 
dysfunction, which invariably accompanies the exposure of 
these formed blood elements to the bypass machinery. Initial 
management should be focused on maintenance of euvolemia 
and preload with volume replacement, appropriate diagnosis 
and correction of any underlying coagulopathy, and mainte-
nance of an adequate hemoglobin concentration to allow con-
sistent oxygen delivery to the patient. However, the urge to 
administer blood products must be tempered by the potential 
negative consequences, which most notably include the fol-
lowing: transfusion reactions, immunosuppressive effects, a 
negative impact on right ventricular function, respiratory insuf-
ficiency from worsening oxygenation, and possible transmis-
sion of infectious agents. Administration of blood to 
postoperative open heart surgery patients has clearly been 
shown to be associated with increased morbidity and mortality 
[39]. However, “surgical bleeding” must always be considered 
as the etiology, despite the everpresent background coagulopa-
thy, and should be the surgeon’s first thought in the presence of 
persistently high drainage, after an initial attempt at correction 
of the coagulopathy. In many instances, immediate mediastinal 
reexploration is an appropriate option. When done in a timely 
fashion, it has minimal associated morbidity, and can avoid the 
negative consequences of unnecessary transfusion [40].

Wound Complications

Significant sternal wound complications occur in approxi-
mately 1% of patients following median sternotomy and are 
more commonly seen in the elderly. These complications 
include noninfectious sternal dehiscence or malunion, super-
ficial wound infections, and deep sternal wound infections or 
mediastinitis. All result in markedly increased health care 
costs, increased length of hospital stay, and mortality rates of 
up to 20% in those with postoperative mediastinitis [38, 41, 
42]. Mediastinitis is the most dreaded of the sternal wound 
complications and typically occurs 2 weeks following the 
median sternotomy. Classically, there is associated wound 
drainage, an overlying cellulitis, and sternal instability. A CT 
scan can be very sensitive for sternal separation with 
mediastinal air and a posterior mediastinal fluid collection. 
Treatment consists of immediate drainage with intraoperative 
cultures, sternal debridement, and intravenous antibiotics. 
Wound closure at the time of the initial debridement is 
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frequently possible, depending upon the degree of tissue 
involvement and necrosis, and can be accomplished with a 
direct sternal closure or the rotation of myocutaneous flaps 
for improved coverage with vascularized tissue [43].

Many independent risk factors for sternal wound infec-
tions have been identified, including host factors, intraopera-
tive variables, and postoperative complications. Host factors 
include elderly age, diabetes, chronic renal insufficiency, poor 
nutritional status, and obesity. Intraoperative variables include 
emergent operation, reoperations, prolonged CPB time, and 
bilateral harvesting of internal mammary arteries, especially 
in diabetics. Postoperative complications include mediastinal 
bleeding, prolonged ventilation, and poor glucose control. 
Mediastinitis may even produce long-term adverse effects on 
cardiac, pulmonary, and renal function, which already have 
limited reserve in the elderly population. This has been shown 
to result in a two to fourfold increased risk of death anywhere 
from 1 to 10 years after the initial cardiac operation [42]. 
Independent predictors of 1-year mortality have been shown 
to include age >65 years, creatinine >2.0 mg/dL, ICU admis-
sion prior to sternal debridement, delay in sternal closure fol-
lowing debridement >3 days, not receiving flap closure, and 
MRSA as the causative organism [38].

Osteoporosis, commonly seen in elderly females, is also a 
significant risk factor for sternal malunion and subsequent 
infection, which has led to various sternal closure techniques. 
If the sternum is fragile, the conventional peri/trans-sternal 

wiring technique may easily cut through the bone with 
 transverse fragmentation of the sternum. Bilateral and longi-
tudinal parasternal wiring as described by Robicsek is an 
alternate method utilized by many to decrease this complica-
tion (see Fig. 29.7) [44]. However, a recent prospective ran-
domized trial of 815 patients comparing conventional closure 
vs. the Robicsek technique did not show a significant differ-
ence in sternal instability or rate of wound infection [45]. 
Various other anterior sternal plate fixation techniques have 
also been employed with mixed results. Attention to surgical 
technique, performance of sternotomy without significant 
deviation from the midline, gentle handling of tissues, and a 
closure that maintains sternal immobility in the face of 
coughing and weight bearing are essential elements in the 
prevention of wound complications.

Cardiac Rehabilitation

Cardiac rehabilitation/secondary prevention programs are an 
integral component of the comprehensive care of patients 
with cardiovascular disease. These programs are recom-
mended as useful and effective (Class I) by the American 
Heart Association and the American College of Cardiology 
in the treatment of patients with coronary artery disease and 
chronic heart failure [46]. Though the number of new and 
recurrent coronary events has remained relatively stable in 
the past several years, the death rate from cardiovascular dis-
ease declined by 26% from 1995 to 2005 [47]. Thus, the bur-
den of chronic cardiovascular disease remains high, and a 
growing number of patients, including older patients who 
have undergone open heart surgery, will be candidates for 
cardiac rehabilitation [48].

According to the American Heart Association’s scientific 
statement on cardiac rehabilitation in the elderly, an increas-
ing number of octogenarians undergo CABG surgery, with 
many of them undergoing reoperations [48, 49]. Older 
patients are more likely to have unstable and severe angina, 
to be women, and to have hypertension, heart failure (HF), 
and other vascular diseases. Nonrandomized comparisons 
show a 3-year survival rate of 77% with elective CABG, vs. 
54% for medical therapy [50]. Five-year survival is improved 
with CABG vs. percutaneous transluminal coronary angio-
plasty (PTCA) (66% vs. 55%) [51]. The Society of Thoracic 
Surgery database describes a 4.7% CABG mortality rate for 
octogenarians [52]. However, there is an excess of postop-
erative arrhythmias (particularly atrial fibrillation), stroke, 
and protracted hospital stay, despite subsequent excellent 
anginal relief and improved functional status. One series 
showed the survival after CABG in octogenarians to be 
comparable to that for the US octogenarian population as a 
whole. A more recent study of the elderly cardiac surgery 

Fig. 29.7 Robicsek sternal closure technique (reprinted with permis-
sion from Robicsek et al. [44], Copyright Elsevier 1998)
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patient found that despite the higher prevalence of comor-
bidities at the start of cardiac rehabilitation, age was not a 
factor in the extent of physiological and risk factor improve-
ments that accrued through participation in a cardiac reha-
bilitation program [53].

A review by Stewart et al. highlights the scientific and 
clinical evidence for cardiac rehabilitation in patients who 
have undergone percutaneous revascularization, heart trans-
plant, and heart valve surgery [54]. Across these diagnoses, 
regardless of age, there is considerable benefit of cardiac 
rehabilitation and supervised exercise training for increasing 
functional capacity, favorably modifying disease-related risk 
factors, decreasing symptoms, detecting signs and symptoms 
of disease before they become serious complications, and 
improving quality of life. The available evidence for this 
component of cardiovascular disease management, albeit not 
perfect, still warrants its more widespread application.

In 2007, the American Heart Association and the American 
Association of Cardiovascular and Pulmonary Rehabilitation 
recommended that cardiac rehabilitation programs provide 
several important core components consisting of baseline 
patient assessment, nutritional counseling, risk factor man-
agement (lipids, hypertension, weight, diabetes, and smok-
ing), psychosocial management, physical activity counseling, 
and exercise training [46]. The American Heart Association 
also recommends these cardiac rehabilitation components for 
the elderly [48]. Although secondary prevention therapies 
such as pharmacological management of atherosclerosis risk 
factors and depression are provided by clinicians in their 
offices, cardiac rehabilitation is often the most advantageous 
setting for bringing many of these core components together 
in a comprehensive approach to provide exercise training, 
patient education, behavioral counseling, and psychosocial 
support. Studies of efficacy and effectiveness of cardiac reha-
bilitation document reductions in mortality and improvements 
in clinical and behavioral outcomes beyond the improvements 
in morbidity and mortality already available through revascu-
larization and optimal pharmacotherapy. Yet cardiac rehabili-
tation, like many preventive measures, is underutilized [55].

Unfortunately, it is estimated that only 10–40% of eligible 
patients participate in cardiac rehabilitation programs [56, 
57]. These rates of participation are even less for older 
patients, a group with the highest prevalence of cardiovascu-
lar disease [58, 59]. Medicare provides payment for cardiac 
rehabilitation for the diagnoses of myocardial infarction, 
coronary artery bypass surgery, stable angina, and more 
recently, percutaneous revascularization, heart transplant, 
and heart valve surgery. Thus, cardiac rehabilitation services 
are generally available for the Medicare population who has 
undergone cardiac revascularization procedures. Insurance 
coverage by other third-party payers varies considerably 
throughout the US, although most payers generally follow 
Medicare policy. One review found that the lower rates of 

participation in older patients was primarily due to less 
aggressive rates of referrals from physicians rather than lack 
of benefit accruing to the older patients [60]. This problem is 
even worse for women who have a decreased likelihood of 
receiving a physician referral to cardiac rehabilitation after 
revascularization, despite being matched for age and under-
going the same procedure [61]. Thus, there is the need for 
education initiatives of all healthcare providers on the com-
prehensive nature and benefits of cardiac rehabilitation in the 
secondary prevention of cardiovascular disease, with a par-
ticular emphasis on women.

A review of all components of cardiac rehabilitation and 
secondary prevention (such as smoking cessation, behavioral 
counseling, and pharmacotherapy) is beyond the scope of 
this section. To some extent, the scope is also limited by the 
studies on cardiac rehabilitation, which uses supervised exer-
cise training as the primary treatment modality. Although not 
fully evaluated in large-scale trials, a comprehensive 
approach to cardiac rehabilitation should be more than just 
exercise training, and presumably would produce greater 
improvements in health and functional status for patients 
than is evident in the literature [62]. A structured exercise 
program may be novel to older individuals, or in some 
instances, an activity in which they have not participated in 
for many years. Furthermore, for older persons with coro-
nary heart disease, the clinical manifestations represent the 
effects of the disease superimposed on the physiological 
effects of age, which too often leads to decreases in exercise 
capacity and overall physical activity. Nevertheless, there is 
considerable evidence that exercise training by itself pro-
duces substantial physiological benefits, improves risk fac-
tors, reduces mortality, and increases aerobic capacity, 
muscle strength, and functional performance.

Contemporary cardiac rehabilitation programs are also 
experienced in addressing the educational deficiencies of 
older patients including the special needs of those with car-
diac pacemakers and implanted defibrillators, chronic heart 
failure, diabetes, peripheral arterial disease, and other comor-
bidities. In recent years, there is also increased recognition of 
the importance of resistance training for individuals with and 
without cardiovascular disease. The American Heart 
Association recently updated its Scientific Advisory on 
“Resistance Exercise in Individuals with and without 
Cardiovascular Disease,” which noted that after appropriate 
screening, resistance training is an effective method for 
improving muscular strength and endurance, preventing and 
managing a variety of chronic medical conditions, modifying 
cardiac risk factors, enhancing psychosocial well-being, and 
increasing functional capacity [63]. This latter benefit is of 
particular importance for older patients, many of whom are 
slower to recover from surgical procedures and have reduced 
functional capacity before surgery. A key benefit of resistance 
exercise training is an increase in muscle mass and strength, 
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and improved flexibility and balance, all of which reduces the 
risk of falls. Though weight machines are most commonly 
used in cardiac rehabilitation programs, alternative modes of 
resistance training are calisthenics, isometrics, and use of 
elastic stretch bands. These modalities are commonly used 
when the older patient lacks the initial strength or has ortho-
pedic limitations that preclude use of weight machines.

Most activities requiring lifting and straining, such as 
weight training, have a large static component. In such activi-
ties, there is increased peripheral vascular resistance, with an 
expected increase in blood pressure but much less of an 
increase in heart rate or cardiac output compared with aero-
bic exercise. Nevertheless, brief periods of moderate resistive 
exercise appear safe and may pose less of a cardiac burden 
than aerobic exercises of similar effort. In fact, studies show 
that cardiac patients who were required to carry or lift weights 
or to perform isometric exercise after a myocardial infarction 
had fewer ischemic electrocardiographic changes and 
arrhythmias during resistance exercise than during aerobic 
exercises. There is no evidence that short term increases in 
blood pressure during resistance training is of concern, even 
in older patients, who commonly have higher baseline blood 
levels secondary to greater arterial stiffness. Gradual involve-
ment in resistance training may, therefore, be beneficial and 
desirable, especially for older patients for whom preventing 
or reversing sarcopenia is of great concern.

Exercise prescription for increasing functional capacity 
and enhancing recovery from open heart surgery has been a 
core component of cardiac rehabilitation for decades [64, 65]. 
The expected outcomes are similar to those for younger per-
sons, though the levels of functional capacity are less in the 
older patient and achieving positive benefits may require lon-
ger program participation. The specific methods for prescrib-
ing exercise for cardiac patients have been published and 
generally do not require significant modification for the older 
patient [48, 64, 65]. The main need for modification depends 
primarily on existing comorbidities that might limit mobility. 
After open heart surgery, light stretching and calisthenics are 
used to maintain flexibility and range of motion of the upper 
torso. However, heavier forms of resistance training should 
be avoided until there is sufficient healing of the sternum, as 
determined by physical examination by the surgeon. 
Participation in lower body exercise can be undertaken sooner, 
in addition to aerobic exercise such as walking or cycling.
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Abstract As the elderly population grows each year, so does 
the number of these patients referred for cardiac intervention. 
The morbidity and mortality associated with these procedures 
have substantially decreased since the 1980s, but judicious 
patient selection and optimization can lower perioperative 
risks even further. The older the patient, the more likely the 
presence of multiple chronic noncardiac diseases, increased 
tissue fragility, and limited organ reserves for stressful events. 
Systematic assessment of cognitive and other functions, when 
possible, will help predict the operative risk and guide for the 
optimization of the preoperative elderly patient. During the 
process of deciding whether to offer cardiac surgical inter-
vention to elderly patients, the relief of symptoms and 
improved quality of life should assume more importance than 
the issue of increased life expectancy. Comorbidities and 
concerns raised by the patient and family should be acknowl-
edged and factored into the decision-making process. The 
overall goal is to select the least morbid and most effective 
procedure that is currently available.

Keywords Elderly • Ischemic coronary disease • Comor
bidities • Mortality and morbidity risk • Optimization  
• Quality of life

As the elderly population rises steadily each year, so does the 
number of patients referred for cardiac surgical procedures. 
The US Census Bureau predicted that the population would 
contain approximately 7.4 billion people above the age of 80 
by 2008, when compared with 6.2 billion in 2000 [2]. Recent 
data reported that elderly patients aged above 70 with no 
functional limitations can be expected to live 14.3 years lon-
ger, when compared with 11.6 years for those with limitation 

in at least one activity of daily living [3]. A formidable 
challenge being faced by the cardiologists and the cardiac 
surgeons is the appropriate treatment of the 40% of the grow-
ing elderly population suffering from symptomatic cardio-
vascular disease [4]. The morbidity and mortality associated 
with cardiac surgical procedures in the elderly has substan-
tially decreased since the late 1980s [5], although it is still 
higher than that of younger counterparts less than 70 years of 
age [6]. Reports of acceptable mortality rates and improved 
long-term quality of life justify cardiac operations in most 
symptomatic elderly patients. Only recently, large studies 
have been focused on risk analyses and outcomes in an effort 
to provide the clinician with as much evidence-based litera-
ture as possible to make the most appropriate decisions for 
many of these complex elderly patients.

Characteristics of the Elderly Cardiac  
Surgery Population

Despite the lack of consensus regarding the definition of 
“elderly,” it has been found that perioperative cardiac surgery 
mortality rates rise significantly with patients older than 75 
years of age [7]. For instance, an individual older than age 80 
has more than three times the risk of death after coronary artery 
bypass than does a similar 50-year-old patient [8]. The increased 
risks of death and major complications are not only due to the 
natural processes of aging that result in associated comorbidi-
ties, but also due to the fact that cardiovascular disease, the 
major cause of death and disability among elderly patients, is 
diagnosed at a more advanced state in this older population.

The aging process is influenced by a variety of genetic and 
environmental factors and occurs at somewhat different rates 
in every individual. The older the patient, the more likely the 
presence of multiple chronic noncardiac diseases, increased 
tissue fragility, and limited organ reserves for stressful events 
[8]. Also, postoperative complications such as pneumonia, 
renal failure, stroke, and dementia are especially prevalent 
and contribute significantly to perioperative morbidity and 
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mortality. More than 50% of elderly individuals have at least 
one or more chronic medical conditions [9]. In addition to the 
routine preoperative assessment, other issues that must be 
evaluated include the degree of cognitive, neurologic, renal, 
respiratory, and immune impairment and the presence of 
other noncoronary atherosclerosis. Approximately one in 
three patients older than age 80 has some degree of cognitive 
dysfunction [10], and it is important to establish a baseline 
level of performance prior to surgical intervention [11]. Tests 
with age-specific normative standards include the Wechsler 
Adult Intelligence Scale, the Controlled Oral Word Association, 
and the Multilingual Aphasia Examination [12]. Patients  
with previously compromised cognitive function are at high-
est risk for such postoperative complications such as delirium 
and progressive cognitive dysfunction. Depression is a com-
mon problem in patients of all ages, especially in those who 
have undergone cardiac surgery. It is significantly more pro-
nounced in the elderly patient who may live alone and have 
few social support systems.

By age 80, there is a 25% decrease in kidney mass and 
40% reduction in glomerular filtration rate (GFR) [11]. 
Because of the decrease in lean muscle mass, a decrease in 
GFR may not be reflected by an increase in serum creatinine 
concentration, and therefore a “normal” creatinine level in an 
octogenarian may be misleading. A more useful assessment 
of renal function in the elderly patient is the age-related crea-
tinine clearance (Ccr)

Ccr(mL/min)

(140 age) (ideal body weight in kilograms)
,

72 serum creatinine

− ×
=

×

where normal values range from 75 to 125 mL/min. Renal 
function should be evaluated both before and after cardiac 
catheterization, and the amount of renally excreted dye used 
during angiography should be kept to an absolute minimum, 
employing nonionic contrast materials. The transient epi-
sodes of hypotension that inevitably occur during cardiopul-
monary bypass may worsen any preexisting renal dysfunction; 
in this age group, perioperative renal insufficiency is a strong 
positive predictor of postoperative mortality [7, 13–15].

Older patients have declining cellular immunity and are 
therefore more predisposed to developing invasive bacterial 
and viral infections [11]. In addition to the bacterial coloni-
zation of the respiratory, urinary, and gastrointestinal tracts, 
there is a risk of infection from other monitoring lines and 
catheters used during cardiac surgery, such as central lines, 
Swan-Ganz catheters, and mediastinal drainage tubes. 
Leukocytosis is frequently absent or depressed in an elderly 
patient, who otherwise commonly exhibits atypical signs of 
infection such as hypothermia or confusion. Although most 
cardiac surgery patients are not cachexic or nutritionally 
depleted due to their cardiac disease, it is important to assess 
the preoperative nutritional status of an elderly individual 

whose other organ reserves are already limited. Adequate 
nutrition is vital for wound healing and for avoiding infec-
tion and ventilatory dependence. Ideally, the serum albumin 
concentration should be >3.5 mg/dL, and there should be no 
history of recent significant (>5%) weight loss.

Numerous physiologic changes affect the cardiovascular 
system with advancing age. There is a decrease in vascular 
elasticity: the aorta and large arteries become much less com-
pliant, resulting in an increase in peripheral vascular resis-
tance. Left ventricular stiffness increases [16], as does the 
ventricular septal thickness [17], and may require higher fill-
ing pressures to maintain adequate forward flow. During 
exercise, there is a decrease in peak heart rate and ejection 
fraction, likely because of reduced responsiveness to circulat-
ing catecholamines [18–20]. Autopsy studies of octogenari-
ans revealed that atherosclerotic heart disease with more than 
75% narrowing in at least one major coronary vessel was the 
most common abnormality (present in 60% of patients). In 
fact, coronary disease was the most common single cause of 
death, with the most frequent manifestation being acute myo-
cardial infarction (MI) [17]. Finally, compared with younger 
age groups, the heart of the elderly individual has smaller 
ventricular cavities and tortuous coronary arteries [21–23]. In 
light of these morphologic findings, it is not surprising that by 
age 80, at least 20% of this population has an established 
clinical diagnosis of coronary artery disease and that eventu-
ally, 67% of elderly patients die from this disease.

Elderly patients tend to have more advanced coronary 
artery disease than their younger counterparts by the time 
they are referred for cardiac surgery. Compared with the 
Coronary Artery Surgery Study (CASS) with a patient popu-
lation of mean age 68 years [24], octogenarians were found to 
have a higher incidence of three-vessel coronary disease (87 
vs. 61%; p < 0.05), left main or left main-equivalent disease 
(50 vs. 3%, p < 0.0001), and significant left ventricular dys-
function (19 vs. 4% had an ejection fraction <35%, p < 0.01) 
[25]. Older patients are more symptomatic on presentation; 
many series report that more than 90% of octogenarians are 
New York Heart Association (NYHA) functional class III–IV 
preoperatively [14, 26–32]. When compared with younger 
patients, a significantly higher percentage of elderly patients 
are referred for more urgent or emergent procedures, which 
carry substantially increased risks of major morbidity and 
mortality [8, 14, 25, 30, 32–35]. This underscores the need to 
prevent emergent and urgent surgical interventions.

A common finding in elderly patients is calcification and 
intimal disease of the aorta, which can crack and embolize 
when the ascending aorta is clamped or manipulated during 
coronary bypass operations. Such plaque embolization to 
cerebral vessels is the principal cause of perioperative stroke 
in this age group [36]. Another cause of surgery-related neu-
rologic deficits is transient systemic hypotension during car-
diopulmonary bypass and air embolism from procedures that 
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necessitate opening great vessels, such as aortic valve opera-
tions. Aortic valve calcification is present in more than 55% 
of patients aged above 90, but only 5% eventually develop 
significant hemodynamic valvular stenosis [37]. Davis et al. 
[38] noted that 29% of elderly patients with significant aortic 
valve disease had concomitant disease of two or more coro-
nary vessels. Concomitant aortic valve replacement (AVR) 
and coronary bypass surgery would increase stroke risk due 
to possible air embolization.

Predictors of Perioperative Morbidity  
and Mortality

As experience with the surgical treatment of cardiac disease 
in septuagenarians has grown, the resulting literature has 
focused on the surgical outcome in octogenarians (Table 30.1). 
Many of these studies have reported predictors of periopera-
tive morbidity and mortality based on extensive univariate 
and multivariate analyses. This information has proved vital 
in identifying specific factors that may be optimized preop-

eratively and has provided physicians and patients with the 
ability to make timely treatment decisions based on expected 
short-term and long-term outcomes.

Several studies have shown that a decreased ejection frac-
tion is a significant predictor of hospital mortality following 
coronary artery bypass surgery. This is even more predictive 
of an adverse outcome in octogenarians. A number of series 
have reported hospital mortality rates of 3–6, 5–13, and 
24–43% in patients with normal, moderately impaired, and 
severely impaired (ejection fraction <0.30) left ventricular 
function, respectively [49–51]. In a multivariate analysis of 
factors involving 159 octogenarians who underwent isolated 
coronary artery bypass, Mullany et al. [45] found that an 
ejection fraction less than 0.50% was the most important pre-
dictor of adverse survival (p < 0.01). Ko et al., who analyzed 
100 consecutive octogenarians undergoing isolated coronary 
artery bypass, also found a decreased ejection fraction to be 
the most significant predictor of perioperative mortality 
(p < 0.002). In fact, an ejection fraction less than 30% was 
associated with a mortality rate of 43% [29].

High NYHA functional cardiac class was highly predic-
tive of hospital mortality in numerous studies [14, 17, 20, 23, 

Table 30.1 Cardiac surgical procedures in the octogenarian: results and average length of hospital stay

Study Year No. Procedure Mortality (%) Complication rate (%) Mean postop. LOS % Survival (years)

Deiwick et al. [35] 1997 101 Mixed 8 73 88 (1)
73 (5)

Gehlot et al. [39] 1996 322 AVR mixed 14 53 11.0 83 (1)
60 (5)

Sahar et al. [40] 1996 42 Mixed 7 24
Logeais et al. [41] 1995 200 Mixed 12 35 12.7 82 (1)

75 (2)
57 (5)

Cane et al. [13] 1995 121 Mixed 9 49
Klima et al. [42] 1994 75 Mixed 8 21
Yashar et al. [43] 1993 43 Mixed 9 38
Glower et al. [27] 1992 86 CABG 14 29 10.0 64 (3)
Freeman et al. [32] 1991 191 Mixed 20 30 16.4 92 (1)

87 (2)
82 (3)
78 (4)

Tsai et al. [44] 1991 157 CABG 7 20 85 (1)
62 (5)

Ko et al. [29] 1991 100 CABG 12 24
Mullany et al. [45] 1990 159 CABG 11 73 84 (1)

71 (5)
Naunheim et al. [34] 1990 103 Mixed 17 71 90 (1)
Kowalchuk et al. [46] 1990 53 Mixed 11 38 81 (2)
Fiore et al. [47] 1989 25 Mixed valve 20 72 18.0 79 (1)

69 (2)
Naunheim et al. [25] 1987 23 Mixed 22 67 14.3 94 (1)

82 (2)
Rich et al. [48] 1985 25 Mixed 4 92 19.5 84 (2)

Mixed, series includes valve and coronary bypass procedures and/or valve + coronary bypass procedures
AVR aortic valve replacement; CABG coronary artery bypass grafting; LOS length of stay in hospital
Source: Reprinted with permission from Camacho and Raval [1]
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26, 27, 32, 46]. In their series of 76 octogenarians undergo-
ing a variety of cardiac surgery procedures, Tsai et al. [49] 
found that 94% of the hospital deaths were in patients who 
presented in NYHA functional class IV. In a study of 24,461 
patients 80 years and older who underwent isolated coronary 
artery bypass, measures of more acute coronary disease, such 
as acute MI before bypass surgery, predicted higher proce-
dural and long-term mortality rates [50]. This relation with 
acute coronary artery disease has been confirmed by numer-
ous other authors [25, 27, 29].

Combined coronary surgical procedures and mitral valve 
replacement have been shown to carry significantly higher 
hospital mortality rates in the elderly population [20, 28, 33, 
37, 38, 40, 43, 46]. In the early 1990s, Davis et al. reported 
operative mortality rates of 5.3% for AVR, 20.4% for mitral 
valve replacement, and 5.8% for isolated coronary artery 
bypass [38]. Several years earlier, Naunheim et al. reported 
even higher hospital mortality rates of 50% for mitral valve 
replacement, 9% for AVR, and 67% for double valve replace-
ment combined with coronary revascularization [34]. More 
recent outcomes for those ages 75 and above at Newark Beth 
Israel Medical Center, a participant in The Society of 
Thoracic Surgeons 2004–2008 database, reveal mortality 
rates of only 4.8% for isolated AVR, 0% for isolated MVR, 
and 3.0% for isolated CABG (personal communication).

In addition to presenting with more advanced disease than 
their younger counterparts, a higher percentage of octoge-
narians are referred for urgent or emergent surgical interven-
tion. As noted in Table 30.2, urgent and emergent operations 
are associated with extremely high mortality rates. These 
increased mortality rates reflect the progression and severity 
of the cardiac disease and the lack of functional reserve for 
stressful events in this older population. Another related fac-
tor, preoperative hemodynamic instability, was described by 
several authors as the need for an intraaortic balloon pump 
(IABP) [16, 20, 25, 26, 34, 40], preoperative admission to 
the coronary care unit [35, 39, 45], and preoperative use of 
inotropes and vasoactive medications [34, 51]. Each was 
found to be a significant predictor of hospital mortality. 
Multivariate analyses by Williams et al., who studied a group 

of 300 octogenarians who underwent isolated coronary artery 
bypass, revealed that preoperative renal dysfunction (creati-
nine >2.0 mg/dL), pulmonary insufficiency, and postopera-
tive sternal wound infection were strong predictors of hospital 
mortality [14]. Tsai et al. found that 67% of the elderly 
patients with postoperative mediastinal bleeding necessitat-
ing reoperation ultimately died [49].

In a prospective study of 2,000 patients undergoing coro-
nary artery bypass, Tuman et al. [52] studied the effect of age 
on neurologic outcome. The rate of neurologic complica-
tions rose significantly with age; patients <65-years old had 
a 0.9% stroke rate, whereas those of ages 65–74 and >75 had 
rates of 3.6 and 8.9%, respectively (p = 0.0005). Suspected 
causes of serious neurologic events (in patients unresponsive 
for more than 10 days) include atheromatous emboli 
from the ascending aorta, hypotension or low-flow state 
during cardiopulmonary bypass, and preexisting critical 
extracranial or intracranial cerebrovascular disease. The 
mortality rate in this group of patients who sustained 
significant strokes was 74% (Fig. 30.1) [52]. Perioperative 

Table 30.2 Comparison of mortality rates by procedure status (elective vs. urgent vs. emergent)

Study Year No. Procedure

Mortality (%)

Overall Elective Urgent Emergency

Deiwick et al. [35] 1997 101 Mixed 7.9 4.7 23.5
Williams et al. [14] 1995 300 CABG 11.0 9.6 11.0 33.3
Diegeler et al. [30] 1995 54 Mixed 9.2 6.1 40.0
Freeman et al. [32] 1991 191 Mixed 18.8 35.9
Ko et al. [29] 1991 100 CABG 12.0 2.8 13.5 33.3
Naunheim et al. [34] 1990 103 Mixed 16.5 10.0 29.0
Naunheim et al. [25] 1987 23 Mixed 22.0 11.0 75.0

See Table 49.1 for explanation of abbreviations
Source: Reprinted with permission from Camacho and Raval [1]

Fig. 30.1 Effect of advanced age on the predicted probability of 
 neurologic and cardiac morbidity (reprinted with permission from 
Tuman et al. [52], Copyright Mosby 1992)
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mortality associated with perioperative stroke in younger 
patients, although still formidable, was less than half of this 
frequency (24–26%).

Quality of Life

Although the short-term and intermediate-term survival for 
elderly patients undergoing cardiac surgery is somewhat less 
than their younger cohorts, the long-term survival for octo-
genarians after open heart surgery compares favorably with 
survival for the general United States population of similar 
age. In a series of 600 consecutive patients 80 years or older 
undergoing various open heart procedures, the 5-year actu-
arial survival, including hospital mortality, was 63 ± 2%. 
Survival in this group was identical to that for the simultane-
ous general U.S. octogenarian population [15]. Excellent 
long-term results have been achieved by several groups in 
octogenarians after mitral valve surgery, aortic valve surgery, 
and coronary artery bypass surgery [41, 53, 54].

Of as great importance to the elderly as survival is the 
associated quality of life. Several authors have shown that 
most (81–93%) of the octogenarians who survive open heart 
surgery “feel” as good and frequently better than as they did 
before their operations [15, 30, 41, 54]. An equally high per-
centage (75–84%) of octogenarians believed in retrospect 
that deciding to have a cardiac surgical procedure after age 
80 had been a good choice [15, 55]. The precise and objective 
measurements of quality of life may be difficult to quantify. 

Based on the well-studied populations, it is possible to 
construct instruments that reliably assess the various domains 
of daily living, thereby producing a meaningful reproducible 
measurement of quality of life [56–58].

The NYHA angina functional class and cardiac failure 
functional class reflect symptom-free living with regard to 
chest pain and dyspnea. Octogenarians have consistently 
demonstrated substantial improvement in their NYHA 
angina functional class and cardiac failure functional class 
after open heart surgery. In several reports, most (68–92%) 
of the octogenarians who survived open heart surgery were 
in NYHA functional class I or II during the long-term fol-
low-up. This improvement was seen after isolated coronary 
artery bypass operations, valve operations, and combined 
operations (Table 30.3). When a well-validated health care 
index, the SF-36, was employed to prospectively study a 
cohort of elderly and nonelderly patients, those above 75 
years of age enjoyed an identical long-term improvement in 
each of the seven domains of the SF-36. Indeed, as many of 
the elderly patients had low quality of life SF-36 scores pre-
operatively as their younger cohorts, the improvements in 
the older patients were even greater, as both populations pro-
duced with statistically identical SF-36 scores 6 months fol-
lowing surgery. Any neurologic injury associated with the 
diagnostic and surgical process dramatically affected their 
quality of life adversely when compared with those old 
patients who did not suffer any neurologic injury.

Many octogenarian patients live alone and consequently 
have impaired ability to carry out activities of daily living, 
which places them at a significant disadvantage. Karnofsky 

Table 30.3 Change in functional class after cardiac surgical procedures

Study Year No. Procedure

Functional class change (%)

Preoperative FC III–IV Postoperative FC I–II

Deiwick et al. [35] 1997 101 Mixed 88 83
Morris et al. [26] 1996 474 CABG 93 92
Gehlot et al. [39] 1996 322 Mixed 86 82
Sahar et al. [40] 1996 42 Mixed 87 90
Williams et al. [14] 1995 300 CABG 98 98
Logeais et al. [41] 1995 200 Mixed 74 99
Cane et al. [13] 1995 121 Mixed 69 84
Diegeler et al. [30] 1995 54 Mixed 100 92
Adkins et al. [59] 1995 42 Mixed 64 97
Tsai et al. [28] 1994 528 Mixed 99 70
Yashar et al. [43] 1993 43 Mixed 98 79
Tsai et al. [44] 1991 157 CABG 96 73
Ko et al. [29] 1991 100 CABG 100 94
McGrath et al. [31] 1991 54 Mixed 96 94
Mullaney et al. [45] 1990 159 CABG 97 89
Merrill et al. [60] 1990 40 Mixed 100 100
Edmunds et al. [61] 1988 100 Mixed 90 98
Naunheim et al. [25] 1987 23 Mixed 94 83

FC functional class
Source: Reprinted with permission from Camacho and Raval [1]
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dependency category (KDC) and social support index (SSI) 
reflect the degree of help needed by the patients. Using the 
KDC, Glower et al. showed that the median performance sta-
tus in a group of octogenarians undergoing isolated coronary 
artery bypass grafting improved from 20% preoperatively to 
70% at hospital discharge, with 89% of survivors being dis-
charged home [27]. Kumar et al. showed that when there was 
a significant decrease in the level of social support needed by 
octogenarians after open heart surgery, the mean KDC and 
mean SSI decreased significantly at the short-term follow-up 
(less than 2 years) [55]. These improvements were also pres-
ent but significantly less evident at the long-term follow-up 
(more than 5 years). It is likely that significant comorbid 
conditions limit the ability of octogenarians to live indepen-
dently long term, although they remain symptom-free from a 
cardiac point of view and thrive in the short term.

As mentioned earlier, the subjective indicators of quality 
of life for octogenarians after open heart surgery are complex 
and involve a number of modalities relating to various 
domains of life. In the study by Kumar et al., indices for sat-
isfaction with marriage, children, and overall life, feelings 
about the present life, and general affect were assessed. In 
the short term, the indices for satisfaction with overall life 
and eight bipolar items assessing general affect showed sig-
nificant improvements, although all these improvements 
became less evident at long-term follow-up [55]. Perhaps the 
symptomatic benefits and the value of cardiac surgery as 
seen subjectively by the patients lie in the question, “would 
you choose to undergo cardiac surgery again?” Virtually, all 
the current studies have shown that most octogenarians 
would have made the same decision to undergo open heart 
surgery retrospectively.

Possible Strategies to Decrease  
Operative Risk

Improvements in surgical techniques and anesthesia have 
increased the confidence of cardiac surgeons performing 
operations on an elderly population with increased periop-
erative risk. Awareness of the problems unique to this grow-
ing population of elderly patients, along with recent statistical 
data highlighting the impact of these problems on morbidity 
and mortality, can help the medical team recommend the 
most appropriate treatment choice and timing of intervention 
in each individual case.

The two principal causes of perioperative cerebrovascular 
accidents (CVAs) in elderly patients undergoing cardiac sur-
gery are embolization (air, atheroma, calcific debris) and 
hypotension resulting in inadequate perfusion of the central 
nervous system. Preoperative evaluation of the ascending 
aorta and carotid arteries and intraoperative assessment of 

the proximal aorta using transesophageal or epiaortic 
echocardiography may alter the conduct of the procedure, 
minimize intraoperative manipulation, and thereby signifi-
cantly reduce the incidence of stroke [35, 36, 40, 52, 62]. 
Such information enables the surgeon to avoid cannulation 
or direct manipulation of heavily diseased portions of the 
aorta where atheromas may dislodge or where plaque disrup-
tion may cause aortic dissection. The presence of extensive 
atheromatous or calcific disease, which precludes safe 
manipulation of the ascending aorta in patients with advanced 
coronary disease, leaves the surgeon with several choices.

 1. Abandon the surgical procedure and consider nonopera-
tive or nonbypass revascularization, such as angioplasty, 
transmyocardial revascularization, or angiogenesis.

 2. Perform surgical revascularization on a beating heart, 
using one or both internal thoracic arteries or non-aortic-
based grafts.

 3. Establish cardiopulmonary bypass via the femoral, axil-
lary, or other systemic nondiseased artery and perform 
graft replacement or endarterectomy of the ascending 
aorta [35, 36]. The latter alternative is an aggressive, com-
plex procedure, and in the elderly population should be 
reserved for the very good risk patients with no significant 
comorbidities.

Diffuse systemic atherosclerosis is more prevalent in the 
elderly than in younger patients; as such, special precautions 
should be taken to ensure adequate cerebral and renal perfu-
sion perioperatively. Maintaining high perfusion pressures 
while on cardiopulmonary bypass can help decrease the inci-
dence of ischemic stroke [63, 64]. Control of atrial arrhyth-
mias and avoidance of episodes of sustained arterial 
hypotension due to hypovolemia or medications are impor-
tant during the immediate postoperative period. Although 
there is still controversy regarding the management of 
asymptomatic carotid disease, it is believed that known 
carotid disease in the elderly population is a risk factor for 
postoperative CVA [15, 35, 45, 52]. Morris et al. [26] recom-
mended routine preoperative assessment of carotid artery 
disease in octogenarians and advocated carotid endarterec-
tomy if significant disease is found. If symptomatic carotid 
artery disease is diagnosed prior to cardiac surgical interven-
tion, consideration should be given to performing a staged or 
a combined procedure. If asymptomatic significant carotid 
disease is discovered by Doppler preoperatively (>75% 
stenosis bilaterally or lesser degrees of unilateral stenosis in 
the presence of an occluded contralateral artery), concomi-
tant carotid endarterectomy may decrease the risk of periop-
erative stroke [62].

Because of the significant increase in mortality associated 
with urgent or emergent operative procedures (Table 30.2), 
all possible measures must be taken to optimize the elderly 
patient preoperatively and possibly convert an urgent or 
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emergent situation to a more elective predicament. Careful 
selection of elderly patients in this setting is critical, and one 
must evaluate the patient’s mental status and existing comor-
bidities when determining the potential for meaningful 
 survival before recommending operation. Aggressive preop-
erative medical management includes the use, when needed, 
of intravenous nitroglycerin or heparin (or both), inotropic 
and ventilatory support, and if absolutely necessary, the 
IABP. Although numerous studies have reported that preop-
erative use of the IABP is a significant predictor of periopera-
tive mortality [13, 15, 34, 51], it likely reflects the severity of 
the elderly patient’s underlying cardiac disease, rather than 
any inherent risk in using the device. Sisto et al. [65] reported 
that in 25 consecutive octogenarians requiring IABP inser-
tion, there were no significant complications related to device 
insertion; and of 20 patients who eventually underwent sur-
gery after IABP, only 2 patients (10%) died in hospital. This 
operative mortality rate is significantly better than that 
reported by others for urgent/emergent cases (Table 30.2).

Prolonged ventilatory dependence can develop quickly in 
the elderly patient. As soon as the patient awakens from gen-
eral anesthesia, respiratory muscles must be exercised. 
Pulmonary hygiene and physiotherapy must be aggressive with 
early and progressive ambulation. Unlike their younger coun-
terparts, elderly patients have much less functional reserve, and 
therefore a successful first attempt at extubation and mobiliza-
tion ensures the best outcome. Intraoperatively, exquisite care 
must be taken to avoid injury to the phrenic nerve during har-
vesting of the internal thoracic artery, and use of bilateral inter-
nal thoracic arteries should generally be avoided [66].

Nephrotoxic drugs should be also avoided or, if neces-
sary, doses should be adjusted in light of the decreased renal 
function in elderly patients. Intravenous renal dosage dop-
amine hydrochloride (1–2 mg/kg/min) may prove to be ben-
eficial when used for any patient with preexisting renal 
insufficiency. Because of the high mortality associated with 
perioperative renal failure in this population [14, 39, 44, 67, 
68], an aggressive approach to optimize preoperative renal 
function is essential. Although rigorous studies demonstrat-
ing the benefit of “renal dopamine” are inconclusive, many 
centers use this drug to enhance urine flow during and imme-
diately after cardiac surgery.

Cognitive function is one of the most important factors 
affecting overall outcome and is one of the most difficult 
neurologic outcome parameters to measure and assess. 
Delirium and confusion are common in the postoperative 
elderly individual and can hinder important initial attempts 
to extubate and mobilize a patient. Encephalopathy changes 
are seen in as many as 30% of all bypass patients and 50% of 
the elderly patients. Sensory deficits such as those due to 
hearing or vision impairments can be addressed as soon as 
the patient awakens by providing hearing aids and eyeglasses. 
Invasive lines and monitoring equipment should be removed 

as soon as medically possible to facilitate mobilization. 
Transfer out of an intensive care unit (ICU) setting, when 
possible, helps restore the sleep–wake cycle. Family mem-
bers should stay with confused patients to offer reassurance 
and encouragement. Long-acting benzodiazepines should be 
avoided or other sedative/hypnotic medications should be 
altered to prevent excessive sedation, confusion, and respira-
tory depression. Haloperidol is a more appropriate drug for 
management of delirium in this patient population because 
of its short-acting effect and safety margin in the postopera-
tive cardiothoracic patient. Small doses are usually effective, 
and the patient can be rapidly weaned in conjunction with 
professional and family encouragement.

Octogenarians are more likely to develop sternal dehis-
cence because of osteoporosis of the sternum. The use of 
bilateral internal thoracic arteries should be avoided. Sternal 
wound infection has been shown to be a positive predictor of 
mortality in this group of patients [14].

Aggressive management is essential and includes early 
institution of intravenous antibiotics, timely débridement, 
and either primary reconstruction or secondary closure with 
a wound vacuum device. Adequate nutrition and pulmonary 
physiotherapy are critical to success. Staged closures are to 
be avoided in this population, other than for the most 
advanced infections, which should then undergo coverage 
and secondary closure as rapidly as possible.

Utley and Leyland described a highly selective group of 
25 patients above the age of 80 who underwent coronary 
artery bypass with no hospital deaths [69]. Patients were 
chosen on the basis of their ability to achieve acceptable 
functional recovery after operation. All patients were living 
at home alone or with relatives preoperatively, and they were 
ambulatory and capable of caring for their own personal 
needs. They were counseled preoperatively regarding the 
importance of early ambulation and self-care postoperatively. 
Four patients were rejected for surgery based on their mental 
or physical senility, previous debilitating strokes, or a history 
of long-term institutional care. Anesthetic management 
included the use of short-acting agents and minimal use of 
postoperative sedation. Patients were extubated within 
9–48 h postoperatively, and many were ambulatory and eat-
ing on the first postoperative day. Although this restrictive 
degree of patient selection is not appropriate in most cases, it 
illustrates how outcome can be strongly influenced by preex-
isting functional status and meticulous perioperative care.

Nonsurgical Alternatives

During the current era of health care reform, there is consider-
able interest in providing the most appropriate care for patients 
aged above 80 at an “acceptable” cost [70]. As  coronary bypass 
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surgery is the most common major operation  performed in 
the United States (more than 300,000 performed annually), the 
use of coronary bypass in the very elderly is an important issue 
in the present cost-conscious environment. Medicare data from 
1987 to 1990 indicated that the use of this operation in patients 
more than 80 years of age increased by 67% during that time 
period [50]. The projected rise in the number of coronary 
bypass procedures to be done in these patients and associated 
costs is impressive [50]. Numerous studies have shown a con-
siderable increase in length of stay (3–4 days longer) and hos-
pital costs ($3,000–$6,000 more) in patients above 80-years 
old vs. their younger counterparts. However, failure to provide 
this service often results in repeated and prolonged hospital-
ization, the need for multidrug therapy, and poorer quality of 
life, not to mention the emotional impact on patients and their 
families [8, 50].

In one series of octogenarians, when coronary surgery was 
compared with medical therapy, the overall cost, annual rein-
terventions, coronary disease-associated readmissions, and 
mortality were favored in the surgical group. Several studies 
have attempted to compare the treatment results of less expen-
sive alternatives to coronary bypass surgery. In elderly 
patients, percutaneous transluminal coronary angioplasty 
(PTCA) has the advantages of shorter hospital stay, less 
immobilization, and lower cost compared with coronary 
artery bypass; however, coronary bypass confers greater and 
more durable freedom from angina, less need for future repeat 
interventional measures, and overall improved quality of life 
[37, 71, 72]. Whereas Mick et al. [73] reported that the proce-
dural complication rates in matched groups of patients under-
going coronary bypass vs. PTCA were similar, Braunstein 
et al. [71] observed that PTCA in the setting of unstable 
angina was associated with high initial morbidity but long-
term survival roughly equivalent to that after coronary bypass 
surgery. As mentioned earlier, compared with medical non-
interventional therapy, coronary artery bypass provides a 
significant survival advantage and improved quality of life. 
Ko et al. [72] compared 36 octogenarians who underwent 
coronary artery bypass with 29 octogenarians who continued 
medical noninterventional therapy and found that the func-
tional class did not change in the latter group but improved 
significantly in the former group (NYHA functional class 
decreased from 3.4 to 1.2, p < 0.01). The 3-year survival rate 
of 77% for the surgical group was similar to the survival of 
octogenarians in the general US population and was signifi-
cantly better than that of 55% for the medical group. Coronary 
bypass surgery provided improved long-term survival and 
functional benefit compared with medical therapy and 
improved the quality of life compared with PTCA.

More recent analyses by Likosky et al. at Dartmouth 
Medical School [74] and Mamoun et al. at the Cleveland 
Clinic [75] reveal even better outcomes after coronary 
bypass grafting in the very elderly (85 years and older), 

likely because of improved perioperative technology and 
practice. Likosky et al. [74] conducted a large cohort study 
of 54,397 consecutive patients who underwent primary iso-
lated coronary artery bypass between July 1, 1987 and June 
30, 2006. Patients were identified by the voluntary New 
England Cardiovascular Disease Study Group registries and 
mortalities were linked to the Social Security Administration 
Death Master File. Fifteen years after coronary artery sur-
gery, 10.4% of patients aged 80–84 were still alive, and 
9.3% of patients aged 85 and above remained alive. Mamoun 
et al. [75] compared the outcomes after isolated coronary 
artery bypass in 132 patients aged 85 and older with 5,423 
propensity score matched patients aged 55–65. The main 
outcome difference was a higher incidence of atrial arrhyth-
mias in the older age group and longer ICU and hospital 
length of stay. However, major cardiac, neurologic, pulmo-
nary, renal, gastrointestinal, hepatic and infectious morbidi-
ties, as well as hospital mortality, did not differ between the 
two age groups. We have entered a new era where the 
“elderly” population undergoing coronary artery surgery is 
10–15 years older than the population from previous reports. 
In conclusion, coronary surgical revascularization is associ-
ated with acceptable outcomes in the very elderly aged 85 
and older, and should be considered in the properly selected 
patient.

The New Era of Mechanical  
Circulatory Assist

In the mid-1980s, implantable mechanical circulatory assist 
devices were introduced in FDA clinical trials for patients 
with severe left ventricular dysfunction who were awaiting 
transplant and would otherwise not survive without such 
support. The most popular device in this early era, the 
HeartMate pneumatic left ventricular assist device (LVAD), 
enabled patients to ambulate and exercise on treadmills while 
in-hospital. The advantages of LVAD therapy for the often 
debilitated, deconditioned patients were significant and 
resulted in improved outcomes for heart transplant recipients 
who were able to optimize their physical and physiologic 
conditions prior to transplant. Since then, the LVADs have 
become smaller, more durable, and associated with increased 
survival rates than those of the earlier models [76]. The 
smaller size and decreased postoperative complications have 
enabled this technology to be offered to the elderly popula-
tion with acceptable perioperative risk. The oldest patients 
with these smaller LVADs are octogenarians who, like their 
younger counterparts, are leading productive lives outside 
the hospital.

For a selective group of elderly but active patients who 
suffer hemodynamic compromise due to severe cardiac dys-
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function, such as after a large MI, a temporary mechanical 
assist device can be implanted if there is hope of cardiac 
recovery. Newer devices in this category, such as the Thoratec 
CentriMag, have been associated with fewer complica-
tions and improved survival (personal communication). 
Percutaneously inserted assist devices such as the Tandem 
Heart and Impella can be implanted in the cardiac catheter-
ization laboratory and may provide partial support with flow 
rates of 2.5–3.5 L/min (personal communication).

Guidelines for Therapy in the Elderly  
Cardiac Surgery Patient

During the process of deciding whether to offer cardiac 
 surgical intervention to elderly patients, the relief of 
 symptoms and improvement in quality of life should assume 
more importance than the issue of increased life expectancy. 
When surgical revascularization is considered in this patient 
 population, numerous social, ethical, and clinical issues 
arise. Comorbidities, quality of life, and concerns raised by 
the patient’s family should be acknowledged and factored 
into the decision-making process. It is important to integrate 
the patient’s and family’s wishes, but one must focus the 
therapeutic decisions on the patient’s advance directives. 
Emergency cases in these patients may be associated with 
more than 70% mortality risk, and therefore nonoperative 
treatment must be strongly considered. Asymptomatic 
patients should continue medical treatment unless there is 
critical (>70%) left main coronary artery stenosis, which is 
associated with significantly reduced life expectancy. 
Numerous groups (Table 30.2) have observed significant 
increased mortality when combined procedures were per-
formed. One study, comparing the operative mortalities for 
isolated AVR and isolated coronary artery bypass to com-
bined AVR + coronary bypass, demonstrated five to sixfold 
increased operative mortality in the combined-procedure 
group [49]. In situations where two or three disease pro-
cesses exist, the surgical plan should be modified to avoid 
such increased risks. For example, in an elderly patient with 
angina, severe coronary artery disease, and noncritical aor-
tic stenosis, coronary revascularization alone may be the 
best option. Such patients are usually not at risk for a serious 
morbid event due to their aortic stenosis [37]. Conversely, in 
a patient with critical aortic stenosis, congestive heart fail-
ure, preserved or mildly impaired left ventricular function, 
and noncritical coronary lesions (<70–80% stenosis), valve 
replacement alone may be the best alternative. Fiore et al. 
[47] noted that of the early deaths of patients undergoing 
combined AVR + coronary bypass, 60% were due to low 
cardiac output; the patients who had died had little or no 
angina preoperatively, but each had considerable congestive 

heart failure and may have been better served by valve 
 replacement alone.

In patients with advanced coronary artery disease who 
may be at high risk for complications arising from cardiopul-
monary bypass, such as those with severe calcific disease of 
the ascending aorta (precluding safe insertion of cannulas), a 
history of stroke, or end-stage pulmonary or renal failure, an 
alternate option is surgical revascularization on a beating 
heart. Technological advances in pericardial retraction sys-
tems and stabilization devices have enabled the surgeon to 
perform anastomoses on a beating heart with the use of newer 
surgical techniques. However, there is a significant learning 
curve, as the surgical field is not nearly as optimal as that 
produced by cardiopulmonary bypass and ischemic arrest. 
Recent reports have observed a failure rate of 10%, even in 
experienced hands. Although it is a reasonable alternative for 
patients who would otherwise have no interventional options, 
the increased risk of technical failure must be kept in mind 
and discussed with the patient and family.

Finally, for elderly patients in previously good physical 
and mental condition, who suffer from acute or chronic 
severe ventricular dysfunction, both short-term and 
long-term mechanical circulatory assist devices are 
available at an acceptable operative risk, compared with their 
earlier counterparts.

Conclusions

As the elderly population has grown, so have the number of 
elderly patients being referred for cardiac surgery and their 
disease complexity. For the most part, these patients can be 
offered conventional surgical procedures with acceptable 
mortality, morbidity, and long-term quality of life expecta-
tions. Indeed, the perioperative complications are somewhat 
more numerous than for younger patients even when they 
are compared for procedure and matched for other risk 
factors.

This incremental morbidity and mortality is seen across 
the entire population but is most pronounced in emergently 
operated patients. With the availability of new and different 
techniques to accomplish myocardial revascularization, val-
vular repair and replacement, and the recent availability of 
mechanical assist devices, the range of procedures available 
for elderly patients with hemodynamically important heart 
disease is increasing at a rate almost faster than the popula-
tion itself has grown. It is therefore critical that the health 
care professionals caring for these older patients are aware 
of ongoing developments in these areas and carefully strat-
ify the preoperative risk factors to best select the least 
morbid and most effective procedure that is currently 
available.
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Abstract Senile aortic stenosis (AS) remains the most 
frequent acquired valve disease in the elderly population 
and has an estimated prevalence of 4.6% in adults more than 
75 years of age. With the increase in geriatric population, it 
is estimated that the number of patients requiring evaluation 
for surgical treatment for AS will correspondingly dramati-
cally increase. Conventional open aortic valve replacement 
utilizing cardiopulmonary bypass (CPB) remains the stan-
dard of care with excellent results. Newer innovative valve 
replacement techniques which do not require CPB (off-pump 
left ventricular to descending aortic conduits and transcath-
eter aortic valve implantation) may provide adequate relief 
of aortic stenosis with reduced morbidity and mortality.

Keywords Geriatric population • Aortic valve replacement 
• Transcatheter aortic valve implantation

Introduction

The geriatric population is the fastest growing portion of the 
US population. It is estimated that the nearly one in five US 
residents will be at least 65 years of age and that this popula-
tion will increase from 38.7 million in 2008 to 88.5 million 
in 2050. Furthermore, the patients of age 85 years and older 
are expected to more than triple from 5.4 million in 2008 to 
19 million in 2050 [1]. Senile aortic stenosis (AS) remains 
the most frequent acquired valve disease in the elderly popu-
lation and is estimated with a prevalence of 4.6% in adults 
more than 75 years of age [2, 3]. It is estimated that the num-
ber of patients requiring evaluation for surgical treatment for 
AS will correspondingly increase. Compared with that of 

younger patients, the functional reserve of patients 85 years 
and older is diminished, and elderly patients are more likely 
than younger patients to have chronic medical diseases such 
as diabetes, hypertension, and hyperlipidemia. Indications 
for conventional open aortic valve replacement (AVR) utiliz-
ing cardiopulmonary bypass (CPB) remains the standard of 
care with excellent results [4–9]. After onset of symptoms, it 
has been well documented that average survival can be as 
low as 1–3 years without surgical relief of the aortic stenosis 
with an AVR [10, 11]. However, physicians remain reluctant 
to recommend AVR for elderly patients greater than 80 years 
of age or those considered very high risk [4, 6, 12–16]. 
Instead, many patients are continued on medical manage-
ment or undergo a balloon aortic valvuloplasty (BAV). 
Unfortunately, these conservative therapies provide minimal 
or short-lasting symptomatic relief to the patient, eventually 
leading to re-stenosis of the aortic valve or sudden death.

With an increasing life expectancy and high prevalence of 
aortic stenosis in the elderly, surgeons and cardiologists will 
be more frequently confronted with the difficult treat algo-
rithm for this very high risk patient population. Although it 
is well accepted that traditional, sternotomy AVR provides 
the most beneficial outcomes in those with AS, the outcomes 
of patients in the very high risk population remains sparse. 
The advent of transfemoral or transapical techniques for 
AVR is promising as an important adjunct to the treatment of 
aortic stenosis in those very high risk elderly patients pre-
senting for surgical therapy, and has renewed our interest in 
evaluating the traditional surgical outcomes in this patient 
cohort [17–20]. Currently, the Society of Thoracic Surgeons 
(STS) and the European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) risk-stratification systems (devel-
oped from databases of adult cardiac patients from hospitals 
within the United States and Europe) are used to predict in-
hospital mortality (PROM) and remain the basis for identifi-
cation of patients denoted as very high risk [3, 21, 22].

The purpose of this chapter is to review the surgical treat-
ment of aortic valve disease in the elderly population. 
Specifically, we will evaluate actual short-term morbidity 
and mortality and mid- and long-term all-cause survival in 
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these patients. We will also include non-CPB techniques for 
the relief of aortic stenosis including the left ventricle apex-
to-descending aortic conduit and transcatheter aortic valve 
implantation [TAVI, via the transfemoral (TF) or transapical 
(TA) routes].

Nonsurgical Management

The natural history of untreated severe AS strongly suggests 
the need for surgical intervention. In 1968, Ross and 
Braunwald [23] reported that the average survival in AS 
patients is 3 years after the onset of angina or syncope and 
only 1.5 years after the onset of heart failure. More recently, 
the ACC/AHA guidelines estimate a patient’s survival from 
initial AS symptoms to be less than 2–3 years [11]. However, 
the perception by the cardiac surgeon or referring cardiolo-
gist of associated co-morbidities, especially age greater than 
80 years and low ejection fraction, on poor outcomes after 
AVR has led clinicians to pursue other nonsurgical options 
for this patient cohort [3, 24]. It is estimated that approxi-
mately 30–48% of high risk, elderly patients are denied AVR 
despite echocardiographic evidence of severe aortic stenosis 
[3, 24, 25]. In the Euro Heart Survey, it was noted that 33% 
of older patients with severe symptomatic AS were denied 
AVR. Although older age and left ventricular dysfunction 
were the most important factors associated with a decision 
not to operate, neurologic dysfunction also influenced the 
decision for nonoperative therapies [3]. Medical manage-
ment alone is associated with poor outcomes with the large 
majority of symptomatic patients dying within 1–3 years if 
the structural valve disease is not treated surgically.

This has been more recently shown by Varadarajan et al. 
[10], who have noted a dismal survival for 453 nonsurgically 
managed patients with severe aortic stenosis with a 1-, 5-, 
and 10-year survival of 62, 32, and 18%, respectively. 
However, this report does not provide STS PROM scores and 
does not elucidate why such a large population of patients 
were nonsurgically managed. Furthermore, Varadarajan et al. 
[26] examined survival among 277 patients >80 years of age 
presenting with severe AS; 80 underwent AVR. Survival was 
significantly improved in the surgical patients. After AVR, 
1-, 2-, and 5-year survival was 87, 78, and 68%, compared 
with 52, 40, and 22%, respectively, in the patients who were 
managed medically. They concluded that, when possible, 
surgery is the best alternative for survival in octogenarians 
with severe symptoms. Furthermore, Kojodjojo et al. [27] 
have noted a greater than 12-fold increase in mortality in 
patients greater than 80 years of age who were offered, but 
refused, AVR for personal reasons when compared to those 
patients undergoing surgical AVR. Kapadia et al. [28] stud-
ied 92 patients screened at one institution for percutaneous 
AVR. Of these patients, 30 underwent BAV; 8 patients were 

bridged to TAVI, and 3 bridged to surgical AVR. Of the 
remaining 19 patients undergoing BAV, bridging to TAVI 
could not be accomplished because of death (47%), exclu-
sion from the TAVI protocol (32%), and some improved and 
declined TAVI. The most common reasons for no interven-
tion included death while awaiting definitive treatment 
(28%), uninterested in TAVI (28%), and questionable sever-
ity of symptoms or AS (25%). Patients not undergoing AVR 
had higher mortality compared with those undergoing 
AVR (44% vs. 14%) over a mean of 220 days [28].

Past studies have shown that although BAV can result in 
temporary relief of symptoms, restenosis is certain within 
6–12 months [29, 30]. This led to clinical guidelines recom-
mending BAV as a reasonable bridge to surgical intervention 
in hemodynamically unstable patients at high risk for AVR 
or as a palliative procedure in patients with AS at high risk 
for surgical AVR (class IIb indication) [11]. With the advent 
of TAVI and the rapid developments in this field, there has 
been a resurgence of interest in BAV procedures that other-
wise offer little long-term benefit.

While BAV, left ventricular apex-to-descending aorta 
valve conduits, and percutaneous AVR techniques are feasi-
ble treatment alternatives to the traditional AVR in high risk 
surgical patients, these nontraditional techniques have not 
been adequately compared with modern outcomes of tradi-
tional open surgery.

Surgical Technique of Conventional AVR

New and improved pharmacological agents, operative tech-
niques, and improved technology have advanced cardiac surgery 
since the late 1970s. Specifically, advances in cardiac anesthesia 
and myocardial protection during cardiac surgery and in surgical 
techniques have improved morbidity and mortality statistics for 
all patients, especially the elderly. The selection of candidates 
for cardiac operations is at the discretion of individual referring 
physicians, cardiologists, and cardiac surgeons. Meticulous pre-
operative and postoperative care, including aggressive early 
mobilization, is commonly utilized to minimize complications, 
shorten postoperative stay, and optimize survival.

Preoperative Assessment

Bearing in mind that age is an un-modifiable factor, the 
following have to be brought together to achieve this aim: (a) 
establishing a correct indication for surgery as a better 
alternative to other nonsurgical options; (b) identifying 
co-morbidities and the possibility of intervention; (c) assessing 
the suitability of the surgical techniques chosen in relation to 
the individual characteristics of the patient and the experience 
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of the team itself; and (d) having a multi-disciplinary team 
available after the intervention that includes, together with 
healthcare professionals, the family, and a care-taker to 
ensure good short- and long-term follow-up [31]. The preop-
erative assessment in elderly patients with aortic stenosis 
commonly requires a thorough evaluation.

Standard preoperative testing for patients undergoing 
AVR includes a standard laboratory examination, transthoracic 
(TTE) or transesophageal (TEE) echocardiogram, cardiac 
catheterization, panorex, and chest X-rays. In addition, 
carotid duplex testing and pulmonary function testing should 
be performed in these patients. A noncontrast chest com-
puted tomography may be performed to preoperatively assess 
ascending or arch aortic calcifications. Surgery should not be 
performed the day after cardiac catheterization to allow renal 
clearance of contrast dye and minimize postoperative renal 
dysfunction. A thorough discussion with the patient and fam-
ily should include the risks of AVR including bleeding, infec-
tion, myocardial infarction, stroke, need for postoperative 
pacemaker, and renal/lung/liver failure.

Intraoperative Technique

Specific details of surgical technique and valve selection and 
implantation are to be determined by the individual cardiac 

surgeon. Generally, all patients should be performed with 
standard CPB techniques utilizing roller head pumps, mem-
brane oxygenator, cardiotomy suction, arterial filters, cold 
antegrade and retrograde blood cardioplegia, and moderate 
systemic hypothermia (~32–34°C). Direct aortic clamping is 
utilized in all patients. Anti-fibrinolytics should be adminis-
tered to all patients. It is without a doubt that cardiac tissue in 
elderly patients is more often friable; mandating careful han-
dling of the heart and aorta by the surgeon during all aspects 
of the surgical procedure. Adjuncts such as routine intraop-
erative epi-aortic echocardiography, use of axillary artery 
cannulation in complex or redo surgery, soft-flow aortic can-
nulae, and CPB strategies favoring high-perfusion pressures 
in elderly patients may improve postoperative stroke rates.

Postoperative Care

The most common morbidities following AVR in elderly 
patients are similar to those undergoing all valve surgeries 
across the age groups. As expected, morbidity and resource 
utilization among elderly patients remain higher than their 
younger counterparts (Tables 31.1–31.3). In patients under-
going coronary surgery, octogenarians have been shown to 
have significantly higher rates of major adverse events, such 
as stroke, re-operation for bleeding, sepsis, and renal and 

Table 31.1 Preoperative demographics for each age group

Characteristic Ages 60–69 (n = 206) Ages 70–79 (n = 221) Ages 80–89 (n = 88) p Value

Age (mean ± SD) 64.1 ± 2.9 74.1 ± 2.8 82.8 ± 2.4 <0.001
Status

Elective 192 (93.2%) 209 (94.6%) 80 (90.9%) 0.51
Urgent 13 (6.3%) 11 (5.0%) 8 (9.1%)
Emergent 1 (0.5%) 1 (0.5%) 0

Female gender 84 (40.8%) 115 (52.0%) 47 (53.4%) 0.03
Ejection fraction (mean % ± SD) 55.4 ± 12.9 54.6 ± 13.0 52.5 ± 12.2 0.29
Caucasian 164 (81.2%) 179 (83.3%) 71 (84.5%) 0.75
CCS class 4 4 (2.0%) 9 (4.3%) 3 (3.6%) 0.42
NYHA class 4 17 (12.8%) 19 (13.3%) 12 (21.1%) 0.29
Congestive heart failure 89 (43.2%) 99 (44.8%) 46 (52.3%) 0.35
Previous myocardial infarction 12 (5.8%) 28 (12.7%) 7 (8.0%) 0.05
Angina 46 (22.3%) 50 (22.6%) 27 (30.7%) 0.26
Preoperative CVA 12 (5.8%) 19 (8.6%) 9 (10.2%) 0.36
Cerebrovascular disease 23 (11.2%) 31 (14.0%) 15 (17.1%) 0.37
Peripheral vascular disease 6 (2.9%) 8 (3.6%) 3 (3.4%) 0.92
Chronic lung disease 30 (14.6%) 36 (16.3%) 10 (11.4%) 0.54
Current smoker 26 (12.6) 21 (9.5) 0 (0) 0.003
Diabetes mellitus 52 (25.2%) 57 (25.8%) 15 (17.1%) 0.24
Hypertension 139 (67.5%) 172 (77.8%) 62 (70.5%) 0.05
Infectious endocarditis 7 (3.4%) 0 (0) 3 (3.4%) 0.02
Last creatinine level (mean ± SD) 1.37 ± 1.4 1.31 ± 1.3 1.31 ± 1.0 0.90
Renal failure 24 (11.7%) 13 (5.9%) 7 (8.0%) 0.10
Dialysis 11 (5.3%) 4 (1.8%) 2 (2.3%) 0.10

CCS Canadian Cardiovascular Society classification; NYHA New York Heart Association; CVA cerebrovascular accident
Source: Thourani et al. [5]
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respiratory failure than younger patients. However, in patients 
undergoing isolated aortic valve surgery, we have not shown 
a statistically significant increase in major adverse events in 
octogenarians compared to younger patient populations [5]. 
However, we have shown trends toward prolonged ventilator 
dependence, intensive care unit stay, and postoperative hos-
pital length of stay. Similarly, Filsoufi et al. [4] and 
Chukwuemeka et al. [7] have shown similar morbidity in 
octogenarians undergoing AVR compared to younger 
patients. It is important to note that the increased resource 
utilization of octogenarians may translate into increased 
overall costs and may be an important consideration when 
projecting healthcare expenditures [5].

Respiratory failure is the main postoperative complica-
tion in patients aged 80 years and older and has been esti-
mated to be under 12.6 compared to 7.4% for those younger 
than 80 [4]. Aggressive pulmonary toilet is necessary to min-

imize this complication. A plausible rationale could be overt 
or micro-aspiration and it is advisable for speech therapy to 
get involved routinely in the postoperative care of these 
patients.

Atrial fibrillation occurs commonly following valve sur-
gery in the geriatric population. With advancing age, fibrosis 
in the atria increases, a situation that leads to side-to-side 
uncoupling of myocardial fiber bundles and development of 
nonuniform anisotrophy, ultimately leading to re-entrant 
excitation and atrial fibrillation [32]. The management of 
atrial fibrillation should be based on the severity and signs 
and symptoms. In most instances, initial treatment focuses 
on controlling the ventricular response with pharmacological 
treatment [e.g., class IC (amiodarone)]. Judicious decision 
making is required for initiating anticoagulation (e.g., warfa-
rin) in those patients with rate-controlled atrial fibrillation 
lasting longer than 24 h. In those patients who are not high 

Table 31.3 Short-term postoperative outcomes for each age group

Outcomes Ages 60–69 (n = 206) Ages 70–79 (n = 221) Ages 80–89 (n = 88) p Value

MI 4 (1.9%) 1 (0.5%) 0 (0%) 0.18
CVA 3 (1.5%) 12 (5.4%) 3 (3.4%) 0.08
Re-exploration for bleeding 8 (3.9%) 16 (7.2%) 6 (6.8%) 0.30
Mediastinitis 1 (0.5%) 5 (2.3%) 2 (2.3%) 0.28
Postoperative AF 55 (26.7%) 83 (37.6%) 30 (34.1%) 0.05
Renal failure 7 (3.4%) 8 (3.6%) 4 (4.6%) 0.89
Dialysis 4 (1.9%) 3 (1.4%) 1 (1.1%) 0.84
GI bleeding or complications 3 (1.5%) 6 (2.7%) 3 (3.4%) 0.53
Postoperative ventilator (h)(mean ± SD) 20.4 ± 66.8 (median: 6.0) 30.3 ± 88.3 (median: 8.0) 36.6 ± 82.0 (median: 11.0) 0.25
Total ICU stay (h) (mean ± SD) 66.4 ± 162 (median: 24.9) 74.0 ± 129 (median: 27.0) 107 ± 242 (median: 48.0) 0.13
Postoperative LOS (days) (mean ± SD) 7.7 ± 9.1 (median: 5.5) 8.0 ± 6.3 (median: 6.0) 9.8 ± 10.7 (median: 7.0) 0.08
Discharged to nonhome facility 

(survivors)
7 (3.7%) 10 (5.5%) 10 (9.9%) 0.44

In-hospital mortality 7 (3.4%) 9 (4.1%) 5 (5.7%) 0.66

MI Myocardial infarction; CVA cerebrovascular accident; AF atrial fibrillation; GI gastrointestinal; ICU intensive care unit; LOS length of stay
Source: Thourani et al. [5]

Table 31.2  Operative characteristics for each age group

Operative data Ages 60–69 (n = 206) Ages 70–79 (n = 221) Ages 80–89 (n = 88) p Value

Implant type
Mechanical valve 83 (40.3%) 18 (8.2%) 2 (2.3%) <0.001
Bioprosthetic valve 123 (59.7%) 202 (91.8%) 86 (97.7%)

Valve size implanted (mm) (median: 23) (median: 23) (median: 21) <0.001
19 9 (4.4%) 18 (8.2%) 21 (23.9%)
21 50 (24.4%) 72 (32.7%) 25 (28.4%)
23 68 (33.2%) 76 (34.6%) 30 (34.1%)
25 59 (28.8%) 46 (20.9%) 8 (9.1%)
³27 19 (9.3%) 8 (3.6%) 4 (4.6%)

Intraoperative intraaortic balloon pump 4 (1.9%) 1 (0.5%) 1 (1.1%) 0.36
Body mass index (mean ± SD) 29.9 ± 6.7 (median: 28.7) 28.0 ± 5.7 (median: 27.4) 25.8 ± 4.3 (median: 25.2) <0.001
Aortic cross clamp time (min) (mean ± SD) 75.7 ± 23.5 (median: 73) 71.8 ± 17.9 (median: 70) 66.3 ± 20.3 (median: 64) 0.002
Cardiopulmonary bypass (CPB) time (min) 

(mean ± SD)
104.9 ± 28.9 (median: 99.0) 101.2 ± 21.8 (median: 99.5) 98.9 ± 27.3 (median: 96.5) 0.13

Source: Thourani et al. [5]
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risk for falls, warfarin should be considered for 1 month 
postoperatively.

Cerebrovascular accidents (CVA) are important compli-
cations of surgery in elderly patients. The increased inci-
dence of strokes is expected in octogenarians because 
compared with younger persons, the elderly tend to have 
more advanced cerebral vascular disease, a greater incidence 
of preoperative CVA, and more advanced aortic atheroscle-
rosis. Aortic calcification, older age, peri-operative hypoten-
sion, and prolonged bypass time are important determinants 
of peri-operative strokes.

To prevent postoperative renal failure in this elderly popu-
lation, judicious use of nephrotoxic drugs should be consid-
ered. Central venous catheters are removed as soon as 
possible to avoid sepsis, and enteral feeding is begun early in 
the postoperative period.

Elderly cardiac surgery patients need targeted discharge 
planning to answer questions about medications, infection, 
pain, and scheduling of follow-up appointments with physi-
cians. The overall focus for cardiac rehabilitation and exer-
cise training in elderly patients should be to enhance 
healthrelated conditioning while simultaneously reducing 
risk factors for chronic diseases and improving the overall 
quality of life [33].

Predictive Models

The performance of high risk surgical intervention in patients 
presenting for cardiac surgery remains a highly debated and 
quite varied practice scenario. Risk scoring models may aid 
the cardiologist and cardiac surgeon in predicting morbidity 
and mortality leading to a more balanced discussion not only 
among the physicians involved in the patient’s care but also 
with the patient and his family. The EuroSCORE and STS 
PROM are two commonly used risk scoring models that are 
used to identify the appropriate patient population for tran-
scatheter valve therapies. The EuroSCORE has been criti-
cized when evaluating patients undergoing valve surgery 
since it was predominantly derived from a population of 
patients undergoing coronary artery bypass grafting (CABG) 
as the baseline risk [34]. Consequently, overestimation com-
monly occurs in those patients with higher risk surgery and 
is not an adequate predictive model for high-risk patients 
undergoing AVR [16, 22, 35–38]. Kalavrouziotis et al. have 
evaluated 1,421 patients undergoing AVR including 237 
patients (16.7%) who had a logistic EuroSCORE >20. 
Among these patients, the mean predicted operative 
mortality was 38.7 ± 18.1%; while the actual mortality was 
significantly lower (11.4%, p <0.05) [37]. In an eloquent 
study comparing the STS and EuroSCORE models, Dewey 
et al. [39] noted a similar trend demonstrating that the 

STS PROM was the most accurate in predicting actual 
peri-operative mortality in high-risk patients undergoing 
AVR. Similarly, Wendt et al. [36] have noted a similar supe-
riority of the STS PROM accuracy compared to the logistic 
EuroSCORE in those patients undergoing AVR. Further 
improvements in the prediction by the STS database should 
be forthcoming. The last published STS model for isolated 
valve surgery was based on data from 1994 to 1997; but an 
expansion of the peri-operative mortality and morbidity risk 
models for isolated valve surgery has been incorporated to 
the STS risk model using 67,292 AVR patients [40]. In a 
multi-institutional study, Thourani et al. studied in-hospital 
and mid-term survival in 159 very high risk operative patients 
(STS PROM ³10%) undergoing isolated AVR. They noted 
an excellent correlation of the observed to STS PROM 
expected ratio (1.0, 16.4% vs. 16.3%) [41]. It is our belief 
that in high-risk patients, mostly the elderly, undergoing 
AVR, the STS PROM is an adequate risk predictive model.

Outcomes

In-Hospital Mortality

Most clinical series reporting on the outcome of surgery in 
patients aged 80 years and older have included heteroge-
neous patients undergoing a variety of cardiac surgical pro-
cedures. Uniformly, age has been perceived a major 
determinant for increased mortality, despite well-published 
reports on the success in elderly patients undergoing isolated 
AVR. Although we and others [4–6, 42–45] have reported 
lower mortality rates in octogenarians with early mortality 
rates between 5 and 10%, those groups did not further strat-
ify their patients to a STS PROM of ³10%. Most recently, 
Likosky et al. [45] reporting for the Northern New England 
Cardiovascular Disease Study Group noted a 6.9–10.3% in-
hospital mortality for 575 patients older than 80, but do not 
report a STS PROM for their patients. They do report that 
survivorship among octogenarians is favorable, with more 
than half of the patients surviving more than 6 years after 
their surgery. Concomitant CABG surgery does not diminish 
median survivorship among patients >80 years of age [45]. 
Further papers, evaluating in-hospital outcomes should 
report STS PROM in patients undergoing valve surgery, so 
that the reader is able to more clearly define the patient popu-
lation. In a recent multi-institutional study, Thourani et al. 
[41] evaluated a very high risk surgical isolated AVR patient 
population with an estimated STS PROM ³10%; they noted 
an observed overall in-hospital mortality rate of 16.4% in the 
159 patients compared favorably to reported series and an 
observed to expected ratio of 1.0. Furthermore, adjusted 
peri-operative mortality rates for octogenarians (16.3%) did 
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not differ compared to the younger counterparts aged £69 
(15.4%) or 70–79 (17.5%) years (p = NS). The data remain 
clear that traditional AVR can be performed safely in the 
geriatric population with acceptable morbidity and short-
term mortality. In a recent study comparing octogenarians 
(age 83 ± 3 years) and those less than 80 years of age (age 
61 ± 14 years), Filsoufi et al. [4] have reported on 82 octoge-
narians with an isolated AVR and 110 with concomitant 
AVR + CABG. They noted a similar in-hospital mortality 
between age groups (octogenarians: 6.1% vs. younger 
patients: 4.4%, p = 0.34) in isolated AVR patients and for 
those undergoing concomitant CABG (octogenarians: 2.7% 
vs. younger patients: 4.5%, p = 0.32). Multivariable analysis 
revealed that renal failure, ejection fraction less than 30%, 
peripheral vascular disease, and CPB time longer than 
180 min were independent predictors of hospital mortality 
for the overall population. Age of 80 years and older was not 
found to be an independent predictor of hospital mortality 
(OR = 0.7, CI = 0.2–2.3, p = 0.5) [4].

Mid- and Long-Term Survival

A handful of investigators have evaluated the long-term sur-
vival in elderly patients undergoing AVR [5–7, 42, 43]. It is 
difficult to make direct comparisons among these studies 
since the predicted in-hospital STS PROM is not reported in 
the majority of these papers. Similarly, Thourani et al. [5] 
noted survival estimates for the octogenarian group at 1 year 
were 87%, 68% at 3 years, 61% at 5 years, and 30% at  
10 years undergoing isolated AVR at a single institution 
(Fig. 31.1). In this study, the Kaplan–Meier estimate of 

median survival for octogenarians was an impressive 7.4 
years. However, this population represents a less high-risk 
population with an in-hospital STS PROM of 6.3%. In 
patients greater than 80 years of age undergoing isolated 
AVR, Likosky et al. [45] noted a 72–75% 3-year and 51–55% 
6-year survival. In one of the largest studies to date, pub-
lished in 1997, Asimakopoulos et al. [13] reported from the 
UK Heart Valve Registry on 1,100 octogenarians who under-
went AVR. They found actuarial survival to be 68.7% at  
5 years and 45.8% at 8 years. They noted that 42 of the 73 
early (30 days) deaths were attributable to cardiac origins. 
However, late deaths tended to be for noncardiac reasons 
(only 61 of 205 deaths were due to a cardiac cause), with 
malignancy, stroke, and pneumonia the most common. 
Chiappini et al. [43] reported an 86.4% actuarial survival rate 
at 1 year and 69.4% at 5 years; while Melby et al. [42] noted 
an 82% survival at 1 year and 56% at 5 years. Stoica et al. [8] 
recently published long-term survival for octogenarian 
patients undergoing cardiac surgery to far exceed the life 
expectancy of their peers. These authors noted that long-term 
survival was significantly better in the patients having under-
gone cardiac surgery than the general population with the 
same age–sex distribution (5-year survival 82% vs. 56%,  
p <0.001). However, a STS PROM was not reported in the 
aforementioned patient cohorts. We agree with this notion as 
a Kaplan–Meier estimate of median survival was at least 5.6 
years (but was unobservable because less than half of the 
octogenarians have died). Filsoufi et al. [4] found that long-
term survival in older patients undergoing AVR is similar to 
that of older subjects in the general population. In large stud-
ies reporting long-term survival after AVR in subjects aged 
80 years and older, 1-year survival rates ranged from 80 to 

Fig. 31.1 Kaplan–Meier curves for long-term survival among patient age groups (— = ages 60–69; – –– = ages 70–79; — – – — = ages 80–89) 
(From Thourani et al. [5]. Reprinted with permission)
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90%, 3-year from 68 to 80%, 5-year from 55 to 63%, and 
10-year approximately 30% [4, 5, 13, 46, 47].

Quality of Life and Cost

Not only do elderly patients undergoing AVR have an 
extended life expectancy but they also enjoy an improved 
quality of life. Fruitman et al. [14] reported that approxi-
mately 83% of octogenarians undergoing cardiac surgery 
were living in their own home and 74% rating their current 
health as good or excellent. Similarly, in the current study, 
90.1% of our octogenarians were discharged to home. Huber 
et al. [48] reported that 81% of octogenarians undergoing 
cardiac surgery had little disability in daily activities and 
93% were free or significantly less symptomatic. While, 
Sundt et al. [6] noted that quality of life for octogenarians 
undergoing AVR as assessed with the Medical Outcomes 
Study Short Form-36 was comparable to that predicted for 
the general population >75 years of age. Furthermore, they 
noted a mean NYHA functional class improvement from 3.1 
to 1.7 [6].

Alternative to Sternotomy AVR

Left Ventricular Apex to Descending  
Aortic Conduits

Another important and often challenging patient cohort 
includes those elderly patients with severe AS following 
prior CABG or a hostile mediastinum [49, 50]. When appli-
cable and available, these patients can be treated by tran-
scatheter aortic valve implantation [18–20, 51]. However, in 
the United States, certain patients are not candidates for, and 
surgeons do not have access to these technologies. Surgeons 
have therefore sought alternatives to median sternotomy and 
traditional AVR utilizing CPB for high-risk individuals with 
severe AS.

Left ventricular apex to descending aortic bypass via a 
left thoracotomy has been proposed as a suitable alternative 
for the treatment of these patients. Although Carrel [52] first 
conceived of the construction of an apico-aortic conduit 
(AAC) to treat AS, it was first performed by Sarnoff et al. 
between the 1950 and 1960s [53, 54]. The AAC operative 
procedure was first employed in adults, its renaissance cen-
tered on the treatment of congenital disease for left ventricu-
lar outflow obstruction (LVOT) in the 1980s [55–60].

Since that time, adult cardiac surgeons have utilized AACs 
for the treatment of AS in those patients considered suboptimal 
candidates for the conventional median sternotomy AVR 

utilizing CPB. These patients may include those with a 
porcelain ascending aorta in which the surgeon deems the risk 
too prohibitive for a safe AVR and concomitant replacement 
of the ascending and/or arch aorta. Those patients with hostile 
re-entry situations including patent coronary arteries crossing 
the midline (e.g., right internal mammary artery to left ante-
rior descending artery anastomosis) or attached to the under-
surface of the sternum, small calcified aortic roots, and 
previous radiation to the chest. Furthermore, patients who are 
at particularly high risk for the detrimental consequences (e.g., 
severe cirrhosis) may also benefit from an AAC, especially if 
performed without the utilization of CPB. An additional ben-
efit of the AAC includes the avoidance of: injury to the con-
duction system, the need for root enlargement techniques, and 
the avoidance of myocardial ischemia and the secondary need 
for myocardial protection. Several series have demonstrated 
that advantages afforded by the AAC lessens the LV aortic 
pressure gradients, preserves or improves ventricular func-
tion, and maintains normally distributed blood flow through 
the systematic and coronary circulation [56, 61, 62].

Surgical Technique

In the published literature, the majority of these procedures 
have been performed with the aid of the CPB circuitry. At 
Emory University, we have performed our patients without 
the use of CPB in 21 patients [63].

Preoperatively, an extensive work-up is performed includ-
ing: (1) TTE and/or TEE; (2) carotid duplex scanning; 
(3) pulmonary function tests; (4) computed tomography of 
the chest, abdomen, and pelvis; and (5) coronary angiogram. 
Patients with >3+ aortic regurgitation or left ventricular 
thrombus are not candidates for the AAC bypass. Generally, 
those patients with FEV1 <0.8 were deemed unsuitable for 
surgery since these patients most likely will not tolerate sin-
gle-lung ventilation. Those patients with a porcelain descend-
ing thoracic aorta with no anterior partial clamp site are 
deemed inoperable.

Anesthetic management consists of placement of a dou-
ble-lumen endotracheal tube for single-lung ventilation. 
Intraoperative TEE echocardiography confirms aortic 
stenosis, minimal aortic regurgitation, and no LV thrombus. 
External defibrillator pads are placed appropriately. The 
patient is positioned for an anterolateral thoracotomy and the 
left pleural cavity is entered in the sixth intercostal space. 
The inferior pulmonary ligament is divided and the lung 
retracted superiorly to expose the descending thoracic aorta. 
Commonly a retraction stitch is required to displace the dia-
phragm inferiorly. The descending thoracic aorta is dissected 
free of adjoining medial and lateral tissue located inferior to 
the left inferior pulmonary vein. The pericardium is opened 
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and the entire apex of the heart is exposed. Careful dissection 
is required to avoid injury to previous CABG when applica-
ble. A left ventricular pacing wire is placed in the epicar-
dium. The patient is heparinized to maintain an activated 
clotting time >250 s.

The AAC conduit is first assembled using a Hancock® 
apical connector interspersed with a 21 Freestyle® stentless 
porcine valve root (both from Medtronic Inc., Minneapolis, 
MN) (Fig. 31.2) using a 4-0 Prolene running suture. A partial 
occluding clamp is placed on the descending thoracic aorta 
above the diaphragm. An aortotomy is made and the distal 
end of the conduit is anastomosed end-to-side with the aorta 
using a 3-0 prolene suture. The conduit is de-aired by mak-
ing the valve incompetent and through needle holes within 
the graft.

For the proximal end of the conduit, six pledgeted hori-
zontal mattressed sutures (0 Ethibond, MH needle) are 
placed in a circular pattern around the apex of the heart 
allowing a central coring space equivalent to the 16 mm 
Hancock Trocar Blade Coring Device (Medtronic Inc., 
Minneapolis, MN) diameter. The 4 mattressed sutures are 
placed through the inferior portion of the sewing cuff of the 
apical connector so as to facilitate tying down of the knot 
after insertion of the connector into the LV. At this point, the 
two anterior suture sets are not placed through the sewing 
cuff to allow coring of the LV without entangling within the 
suture sets. Intravenous lidocaine (100 mg) is administered 
prior to placement of the left ventricular sutures. A stab inci-
sion is made into the LV with a size 11 blade through which 
a 12F Foley catheter is introduced. TEE echocardiography 
confirms that the Foley is within the left ventricle and not 
intertwined within the mitral apparatus [64]. Rapid left ven-
tricular pacing is initiated at 180 beats/min and the LV cor-
ing device is placed over the Foley to remove an LV apex 
plug, which is sealed by inflating the catheter balloon with 
9 cc of saline. After coring, the inflow cannula is placed into 
the LV apex and the rapid ventricular pacing is discontinued. 
The four sutures already placed within the sewing cuff are 
tied, followed by placing the anterior sutures within the sew-
ing cuff. The heparin is reversed and the chest closed in rou-
tine fashion (Fig. 31.3). Although we had previously used a 
size 20 inflow cannula, in the past 11 cases more recently we 
have shifted to utilize a size 16 or 18 inflow device. On final 
evaluation, the transgastric 2-chamber TEE view tends to be 

the most helpful since it allows clear visualization of the 
mitral sub-valvular apparatus and to ensure the cannula is in 
the center of the LV and unobstructed by papillary muscles 
or the septum [64].

Outcomes

In our series of 21 patients, the majority of patients were in 
their mid-70s and male. AACs were utilized for a porcelain 
aortas alone in 6 (28.6%) patients, previous CABG in 4 
(19.0%), or both in 10 (47.6%). One patient (4.8%) had an 
AAC for severe cirrhosis and was thought not to be a candi-
date for CPB.

Postoperative complications were common among 
patients (61.9%). The most common morbidities were of 
pulmonary origin: pneumonia (23.8%) and prolonged venti-
lation (47.6%). Two patients had postoperative ventricular 
fibrillation and cardiac arrest and we have changed our prac-
tice such that lidocaine intravenous drip is administered till 
extubation and amiodarone 200 mg by mouth per day was 
administered for 1 month postoperatively. Since utilization 
of this regimen, no significant arrhythmias have occurred. In 
out 21 patients, the postoperative median length of stay was 
9 days. Three patients died within hospitalization: one died 
of a pulmonary embolus prior to transfer to the wards, one 
died of a ventricular arrhythmia, and one died from multisys-
tem organ failure secondary to sepsis.

In the adult population, a vast recent experience and 
excellent results with AAC have been reported from Indiana 
University and the University of Maryland [55, 57]. 
Collectively, they have performed 31 AAC patients in very 
high risk adult patients presenting with aortic stenosis. 
Similar to the Emory Series, the majority of patients were 

Fig. 31.3 Completed AAC with interposed freestyle root via a left 
thoracotomy

Fig. 31.2 Apical-aortic conduit (AAC) with interposed freestyle root
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either prohibitive high risk for median sternotomy 
secondary to prior CABG or presented with a porcelain 
aorta. All three centers have a similar in-hospital mortality 
of 13–14%. In their most recent series, Gammie et al. [57] 
noted that 61% required CPB; however, they have used the 
CPB circuitry for a short period of time with a mean CPB 
time of 19 min. With similar mortality, it remains to be 
seen if off-pump AAC provides a significant benefit in 
mortality. It is plausible that in patients who have contra-
indications to CPB (as in the patient with severe cirrhosis), 
off-pump AAC may provide expansion of the use of this 
technique.

Given the recent success several groups have experienced 
in implanting AACs in high-risk populations, we expect the 
indications for AAC to expand. With the avoidance of CPB 
documented by our technique, off-pump AAC insertion has 
evolved into an excellent option in patients who are unlikely 
to survive CPB or are not candidates for transcatheter valve 
implantation. For those patients who can tolerate CPB but 
have a porcelain aorta, AAC insertion offers the possibility 
of not only the avoidance of CPB but also deep hypothermic 
circulatory arrest and its associated complexities and added 
risks. Finally, AAC insertion may evolve into the procedure 
of choice in patients with aortic stenosis who have under-
gone prior CABG via a median sternotomy and have patent 
bypass grafts. Not only does AAC via left anterolateral tho-
racotomy avoid the use of CPB in this situation but, more 
importantly, the approach obviates any dissection whatso-
ever of pre-existing venous or arterial bypass grafts and thus 
prevents graft manipulation, plaque or atheroma emboliza-
tion, or graft injury and thus avoids tissue ischemia or 
infarction.

Transcatheter Aortic Valve Implantation

In 1992, Andersen et al. [65] published their first results from 
experiments in which a balloon expandable stent valve was 
implanted into the descending aortas of pigs. This technol-
ogy seemed promising for the treatment of degenerative aor-
tic stenosis except for two major obstacles: removal of the 
native valve, which is often heavily calcified in the adult, and 
impedance of the coronary ostia by the stent valve [66]. The 
resurgence of interest in the balloon expandable stent valve 
for the treatment of aortic disease followed the first human 
implantation in an elderly patient with inoperable aortic 
stenosis by Cribier et al. [51]. The transcatheter heart valve, 
manufactured by Edwards LifeSciences (Fig. 31.4), was 
implanted safely in the sub-coronary position, using the cal-
cified native valve as an anchor for the stent frame. Cribier 
had realized that removal of the native valve was not neces-
sary to implant the percutaneous heart valve, and that the 

distance between the coronary ostia and the aortic annulus was 
larger and more forgiving in humans than in animals [66].

Since the first implant in 2002, TAVI has been limited to 
elderly patients with excessive co-morbidities who have been 
deemed ineligible for surgical valve replacement. The advent 
of TAVI (transfemoral and transapical) represents a tremen-
dous advance in our ability to treat high-risk patients with 
severe AS. By avoiding the risks associated with aortic cross-
clamping and CPB, it provides a treatment alternative for 
patients deemed too high risk for conventional AVR. Early 
implantation was accomplished by peripheral venous access, 
transseptal puncture and antegrade deployment [51]. 
However, technical difficulties associated with the complex-
ity of this approach necessitated the development of alterna-
tive routes. Currently, there are two methods which represent 
the standard operative approaches. The transfemoral route 
utilizes arterial access through the femoral vessels and retro-
grade passage of the delivery system to the level of the aortic 
valve. Conversely, the transapical (TA) approach utilizes a 
small anterior left thoracotomy and direct access to the aortic 
valve through the left ventricle. Thus far the majority of 
clinical experience has been with two different valve pros-
theses: the Edwards SAPIEN® Valve and the Medtronic 
CoreValve®.

The SAPIEN® valve is a tri-leaflet pericardial valve 
mounted in a stainless steel stent, which is then balloon 
expanded and seated into place (Fig. 31.4). Currently avail-
able in 23 and 26 mm sizes which allows placement in any 
annulus ranging from 18 to 25 mm in size. The 26 mm 
requires a 24 fr introducer to be placed transfemorally while 
the 23 mm needs a 22 fr introducer. Clinical results using 
the SAPIEN® valve via both approaches have been promising. 

Fig. 31.4 Edwards SAPIEN® bioprosthetic valve
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In a study utilizing the transfemoral approach, Webb et al. [20] 
successfully implanted prosthetic aortic valves in 43 out of 50 
high-risk patients who were not candidates for open surgery. 
As operator experience improved, rate of successful implan-
tation increased to 96% among the second 25 patients. Treated 
patients demonstrated improved ventricular function as mea-
sured by left ventricular ejection fraction as well as improved 
functional status by NYHA class over the follow-up period. 
The overall 30-day mortality among treated patients was 12% 
which compared favorably to the expected mortality of 28% 
with open surgery. In successful implantations, the aortic 
valve area increases to 1.7 cm2 and the mean transvalvular 
gradient is less than 10 mmHg [67, 68]. These results are 
already much better than those seen with BAV, where valve 
area increases to 1.0–1.1 cm2 and mean transvalvular gradi-
ents are in the order of 50% of starting gradients (£30 mmHg) 
[69–72]. Paravalvular leak is generally grade 2 insufficiency 
or less after valve implantation [68]. Long-term results have 
been tempered by the premorbid state of the patients, and no 
death has occurred as a result of device failure [67, 68].

In those patients with unsupported femoral or iliac arter-
ies, the Edwards SAPIEN® valve is also available in a 
transapical implantation technique. Initial success with the 
transapical approach was reported in a series of 7 high-risk 
patients in 2006. Observed mortality in these patients was 
more than half the estimated mortality with open AVR (14% 
vs. 35%). Additionally, there were no procedural deaths and 
improvements in cardiac hemodynamic function paralleled 
that seen with the TF approach. A multi-center experience 
using the TA approach in 59 patients validated these findings 
and confirmed the potential benefit of this procedure. The 
authors reported a 93.2% successful implantation rate. 
Observed mortality was 13.6% compared to the expected 
rate of 26.8% for conventional AVR. The use of CPB in this 
series was 47.5% but was used disproportionately during the 
early, learning curve portion of the series.

A multi-center randomized trial involving over 20 North 
American centers recently completed enrolling high-risk AS 
patients. The Edwards LifeSciences US PARTNER trial 
(Placement of AoRTic traNscathetER) compares two groups 
of patients: inoperable patients who are randomized to either 
BAV or medical therapy, versus TAVI and high-risk patients 
who are randomized to open AVR or TAVI. The final compari-
son of over 1,000 high-risk patients with AS is expected within 
the next 6 months and will represent the definitive study in the 
literature to date regarding these complicated patients.

The second most commonly used valve, the Medtronic 
CoreValve® is also a tri-leaflet pericardial valve but is 
mounted in a Nitinol® stent (Fig. 31.5). The Medtronic 
CoreValve® is longer than the Edwards SAPIEN® valve, 
55 mm for the 26 mm valve and 53 mm for the 29 mm valve. 
Initial results using the Medtronic CoreValve® demonstrated 
an early procedural learning curve as well [73]. Once initial 
design changes were implemented and the valve could be 

introduced via the TF approach using an 18 fr sheath the 
need for bypass was obviated and the procedure became 
truly percutaneous. Early results from the multi-center 
European registry demonstrated excellent procedural suc-
cess (97%) and an impressive procedural mortality (1.5%). 
However, cardiac conduction abnormalities appear to be 
more common with the Medtronic CoreValve® (when com-
pared with the Edwards SAPIEN® valve), with a subsequent 
series describing a 20% incidence of permanent pacemaker 
placement versus 7%, respectively.

Although both devices hold real promise in the treatment 
of valvular aortic disease, some of the limitations for their 
use are related to the size of the delivery systems that are 
used currently (18–24F introducers) in patients with periph-
eral arterial disease. Advances in nanotechnology might, 
however, provide another solution to this problem. With this 
new method of construction, a collapsible, mechanical aortic 
valve is compatible with an 8F system. Future devices might 
also have the advantage of retrievability before deployment, 
which is particularly important in cases of size mismatch or 
poor anchoring.

Pre-procedural planning is of paramount importance 
regardless of the planned placement route. High-quality 
computed tomography, echocardiography, and coronary 
angiography are all valuable tools to screen prospective TAVI 
patients. Accurate measurements of annular diameter by 
either CT or echocardiography are used for valve selection. 
Intraoperative echocardiography by an experienced operator 
is mandatory during valve positioning and deployment. 
When considering the TF route, special attention must be 
paid to the size and disease burden of the aorta over its entire 
length from the aortic valve down to both femoral arteries.

The major limitation affecting transfemoral deploy-
ments is related to vascular access. The minimal required 
diameter of the iliac and femoral arteries limits the use of 
the deployment sheaths required for the Edwards SAPIEN® 

Fig. 31.5 Medtronic CoreValve® bioprosthetic valve
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valve. Vascular complications account for the majority 
adverse events related to the TF approach. Even when the 
smaller sheath utilized by the Medtronic CoreValve® is 
employed, vascular complications still can be as high as 
20% [17, 73].

Transcatheter aortic valves are steadily yet surely shift-
ing the paradigm in the clinical management of aortic 
stenosis. Though currently limited to high-risk patient 
population, the technology is gaining popularity among 
the clinical community due to the ease of use and mini-
mally invasive nature of the implantation. Both the Edwards 
SAPIEN® and Medtronic CoreValve® are CE mark in 
Europe and are under clinical investigation in the US. As 
access to this technology increases and is adopted in low-
risk patients and patients with congenital bicuspid aortic 
valves, there is a need to characterize, understand, and 
address the long-term outcomes and engineering concerns 
with the current technologies.

Conclusions

Very important in selecting octogenarians for cardiac surgery 
is the surgeon’s subjective impression after interviewing and 
examining the patient. Family history of longevity, intellec-
tual function, and general level of fitness and activity are 
important predictors of outcome that cannot be easily quanti-
fied or reported. In summary, we believe that based on age 
alone, with minimal co-morbidities, conventional primary, 
isolated AVR remains the standard of care and can be per-
formed with low morbidity and in-hospital mortality, and 
acceptable long-term survival. It is plausible that in patients 
with advanced age and additional co-morbidities, transcath-
eter (transfemoral or transapical) AVR or left ventricular api-
cal to descending aorta conduits may provide potential 
benefits in postoperative morbidity and mortality.
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Abstract Demographic change presents great challenges to 
medicine. Especially, heart disease has become more com-
mon as people live longer. In addition to other age-related 
physiological changes to the coronary vasculature, mitral 
valve disease in elderly has become center of attention for a 
rapidly expanding research in this field. The etiology in such 
population refers to the cause of the disease or syndrome 
(e.g., degenerative, rheumatic, ischemic), to the abnor-
malities of components of the mitral valve apparatus (e.g., 
chordal rupture, elongated chordae, excess leaflet tissue, 
dilated annulus) and the combinations of lesions leading to 
different types of valve dysfunction (e.g., leaflet prolapsed 
or restriction). Today, increasing numbers of elderly patients 
are referred for mitral valve surgery but still it has been 
unclear whether the results offset the risk of intervention in 
such patient population. The current chapter will examine, 
in elderly patients, the myriad surgical options with focus on 
clinical outcomes, advantages of repair versus replacement, 
the quality of life and survival benefits of surgery compared 
to medical management. Notably, an open question that con-
cerns is the disease-independent influence of the biological 
aging process and therefore associated operative risk. This is 
also focused in this chapter by examining selected literature.

Keywords Surgery • Mitral valve disease • Degenerative 
regurgitation • Mitral leaflets • Replacement • Alfeiri repair 
• Mitral valve repair • Octogenarians • Carpentier’s triad 
• Endocarditis

Introduction

The mitral valve is the “inflow valve” for the left side of the 
heart. Blood flows from the lungs and delivers oxygenated 

blood into the left atrium. When it opens, the mitral valve allows 
blood to flow from the left atrium to left ventricle. It then closes 
to keep blood from leaking back into the lungs when the ven-
tricle contracts to push blood out to the body. Mainly mitral 
valve is comprised of two leaflets (Fig. 32.1).

Surgery becomes necessary when the valve opens or 
closes incompletely. A stenotic valve does not let the blood 
easily into the heart causing blood to “back up” and pressure 
to build up in the lungs causing pulmonary hypertension. 
This makes it difficult for the heart to increase the amount of 
blood that it pumps with exercise, and may produce symp-
toms of shortness of breath especially with activity. The pul-
monary vasculature responds to this pressure overload by 
increasing the thickness of the smooth muscle layer result-
ing in “fixed” pulmonary hypertension. Fixed pulmonary 
hypertension does not improve after correction of the mitral 
valve problem. Patients are difficult to get through surgery 
and their symptoms persist even after corrective surgery. If 
the leaflets do not meet correctly for any reason (and many 
things may cause this), blood may leak backward into the 
lungs each time the heart pumps. Since some of the blood 
leaks backwards, the heart has to pump more blood with 
each contraction in order to push the same amount of blood 
forward causing volume overload. The heart can compen-
sate for this overload for many months or years, provided 
that the leakage came on slowly and progressively. The left 
ventricle responds by enlarging and becoming thick. 
Eventually, this compensatory mechanism results in 
increased wall tension and decreased contractility. The heart 
begins to fail and patients show symptoms of shortness of 
breath, fatigue, and fluid overload. Surgical intervention 
should be initiated prior to these end stage events. Again, 
surgery in these patients is very high risk and often symp-
toms persist after corrective surgery.

Observational studies in general population estimate the 
prevalence of mitral valve (MV) disease (mainly mitral regur-
gitation) at 10–20% with the Framingham Heart Study detect-
ing MR in 19% of the population mostly due to degenerative 
valve disease [1–4]. Increasing numbers of elderly patients 
are now referred for mitral valve operations with MV disease 
[5]. It has been reported that the number of octogenarians 
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undergoing cardiac operations rose significantly over 10 
years with acceptable outcomes [6–8], though controversial. 
Patients with ages greater than or equal to 65 years or greater 
than or equal to 75 years have been associated with high post-
operative risk following MV surgery [9–13] and the presence 
of considerable co-morbidities may potentially provide an 
explanation regarding these reported poor outcomes.

Pathophysiology

In the elderly, the cause of the MV disease is degenerative, 
rheumatic, or ischemic in etiology. Generally, degenerative 
disease leads to the abnormalities of the components of MV 
apparatus such as chordal rupture, elongated chordae, excess 
leaflet tissue, and dilated annulus. Rheumatic disease causes 
thickened leaflets, calcification of leaflets and chordae, and 
shortened and fused chordae. Ischemic disease causes 
tethering of leaflets and chordae due to retraction of the pap-
illary muscles in the infarcted region. Combinations of these 

lesions thus lead to different types of valve dysfunction rang-
ing from leaflet prolapse or restriction [1].

Carpentier’s triad [1] suggests that MV disease most com-
monly involves degenerative pathology and results in type II 
leaflet dysfunction characterized by increased leaflet motion 
and leaflet prolapse. In type I dysfunction, which is less com-
mon and seen in some connective tissue disorders and car-
diomyopathy, leaflet motion is normal and regurgitation is a 
result of annular dilatation. Type III dysfunction, resulting 
from restricted leaflet motion, is rare in degenerative diseases 
of the MV; however, there may be a small element of type III 
dysfunction in situations such as advanced Barlow’s disease 
where calcification of the papillary muscle may restrict chor-
dae and leaflet motion. The commonest causes of degenera-
tive MV disease are MV prolapse (MVP), Barlow’s disease, 
fibroelastic deficiency, and Marfan’s syndrome. MVP is 
characterized by abnormally thickened and redundant MV 
leaflets which are displaced into the left atrium during sys-
tole. This can affect one or both leaflets. Long-standing atrial 
fibrillation with significant atrial dilatation can cause type I 
dysfunction. This all manifest as mitral regurgitation (MR). 
Untreated severe MR progresses to heart failure and death. 
Hence degenerative MV disease encompasses a heteroge-
neous collection of diseases and lesions which may require a 
wide repertoire of operative techniques for correction.

An important consideration for surgery on the mitral valve 
in the elderly is mitral calcification. Approximately 10% of 
elderly patients suffer from severe mitral annular calcifica-
tion (MAC) which often is an inconsequential degenerative 
change. MAC is believed to be accelerated by hypertension, 
diabetes mellitus or hyperlipidemia and chronic renal failure 
that requires dialysis [14, 15], and involves the annulus to 
varying degrees, extending into the adjoining myocardium or 
even into the papillary muscle (Fig. 32.2) [16]. The annular 

Fig. 32.1 The mitral valve with its two leaflets (anterior and posterior) 
is highlighted on this illustration of a heart. The mitral valve acts as an 
“inflow inlet” for the left side of the heart (printed with permission from 
J. Rhead Medical Illustration, Inc)

Fig. 32.2 Massive calcific deposits at the posterior annulus are seen. 
Some chordae tendinae appear to have ruptured and residual stumps are 
seen (reprinted from Butany et al. [71], with permission from Pulsus 
Group, Inc)
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lesion can lead to significant manifestations such as mitral 
regurgitation, mitral stenosis, or a combination of the two. 
Massive annular calcification has been reported to simulate 
an intracardiac tumor [17]. Ulceration of the calcific masses 
through leaflet tissues can lead to thrombosis and infective 
endocarditis [18].

Natural History

Hemodynamically significant MR, if untreated, has three 
stages: (1) the asymptomatic patient with remodeled left 
atrium and left ventricle; (2) the asymptomatic patient with 
decreased left ventricular (LV) systolic function; and (3) the 
symptomatic patient with decreased LV function [19]. The 
remodeling of the left atrium and left ventricle is caused by 
LV volume overload; the left atrium becomes enlarged, and 
the left ventricle becomes dilated with eccentric hypertro-
phy. In eccentric hypertrophy, new sarcomeres are laid down 
in series increasing the length of individual myocardial 
fibers. This results in a compensatory increase in LV end-
diastolic volume permitting an increase in total stroke vol-
ume and restores forward cardiac output. The increase in left 
atrial (LA) size means that the regurgitant volume can be 
accommodated at lower filling pressures, preventing pulmo-
nary congestion. Here we have to appreciate that higher 
regurgitant volumes and presence of atrial fibrillation (linked 
to LA size and LA volumes greater than 40 mL/m2) are the 
most powerful determinants of atrial enlargement.

Once the continued burden of volume overload leads to 
LV dysfunction, contractile dysfunction reduces ejection and 
end-systolic volume increases. The LV may dilate further, 
and filling pressures may increase resulting in reduced for-
ward output and pulmonary congestion. As LV dysfunction 
worsens, symptoms may appear and progress rapidly, caus-
ing heart failure and death if untreated. It has been suggested 
that annual mortality with severe MR approaches 6.3%. 
In patients with New York Heart Association (NYHA) class 
I to II and those with NYHA class III to IV symptoms, annual 
mortality is 4 and 35%, respectively [20]. Ninety percent of 
all patients with severe MR at 10 years will either have died 
or had MV intervention [20].

Assessment

Transthoracic echocardiography (TTE) with Doppler assess-
ment allows evaluation of the mechanism and severity of 
MR. Transesophageal echocardiography (TEE) to assess the 
reparability of the MV may aid the timing of surgical inter-
vention for repair or replacement [21]. The severity of MR is 
determined by various parameters including maximal jet 

length/area, ratio of jet area to LA area, and vena contracta 
width [21]. Jet direction must also be assessed as it is typi-
cally opposite to the prolapsing segment and is indirect evi-
dence of segmental involvement. The MR severity is graded 
as mild, moderate, or severe as defined by the American 
College of Cardiology [21]. Quantitative grading using the 
proximal isovelocity surface area to determine the effective 
regurgitant orifice area and the regurgitant volume is advis-
able. These can also be determined by volumetric measure-
ments of aortic and mitral stroke volumes. Although TEE 
has been demonstrated to be superior for assessment of the 
functional MV anatomy, current generation of transducers 
and imaging technology has improved the diagnostic capa-
bility of TTE, leading to a significant reduction of patients 
requiring preoperative TEE assessment [22]. For example in 
Fig. 32.3, severe calcification around the mitral valve leaflet 
and annulus can be visualized by TEE.

Recent evidence suggests that 3-dimensional (3D) TTE 
echo is similar to 2-dimensional TEE in patients where good 
quality images can be obtained [23–25]. It is suggested that 
the feasibility of 3D reconstruction at 94% and accuracy of 
3D TTE for etiology, for mechanisms, for prolapse, for flail 
segments, and for defect location are 91, 92, 94, and 88%, 
respectively, when compared to intra-operative assessment 
[23]. It is also reported that patients with type II dysfunction 
show similar results with 91% sensitivity, 100% specificity, 
and 94% accuracy of identification of diseased segments 
with 3D TTE as compared to 94, 100, and 96%, respectively, 
for TEE [24, 25]. More recently, quantification of MR sever-
ity and detection of leaflet prolapse by cardiovascular mag-
netic resonance has been studied to be comparable to TTE 
evaluation [26]. Generally, surgeons were slow to adopt 3D 

Fig. 32.3 Echocardiography shows severe calcification (white band of 
calcium between left ventricle [LV] and left atrium [LA] marked in the 
figure) around the mitral valve leaflet and annulus (adopted from Bito 
et al. [72])
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technology for intra-operative TEE due to the lack of real 
time imaging. This problem has been solved and the pre-
repair and post-repair intra-operative 3D TEE has proven a 
significant advancement for mitral valve repair surgery.

Management

Medical Therapy

Medical treatment of MR has limited efficacy although vaso-
dilators and angiotensin-converting enzyme inhibitors have 
been used in the presence of hypertension and/or heart fail-
ure. In patients with severe LV dysfunction (ejection fraction 
[EF] <30% and/or end-systolic dimension >55 mm) and 
inability to repair the valve or preserve the subvalvular 
apparatus, patients may be managed medically as surgical 
intervention could lead to worsening or even fatal LV 
dysfunction.

Surgical Treatment

An attempt to preserve the native MV apparatus to maintain 
the normal shape, volume, and function of the LV by repara-
tive surgery is always preferred to valve replacement. If suc-
cessful, the risk of long-term anticoagulation and prosthetic 
valve complications are also avoided. Mitral valve repair 
leads to improved survival as compared to MV replacement. 
Mitral valve replacement with preservation of the subvalvu-
lar apparatus gives significantly better results as compared to 
MV replacement without preservation. Resection of the 
entire subvalvular apparatus should almost never be contem-
plated except in severely calcified valves. The Society of 
Thoracic Surgeons (STS) in 2005 reported an increase in 
MV repair in elderly and for the first time the number of MV 
repaired (3,966) exceeded the number replaced (3,854) [27]. 
For concomitant coronary artery bypass grafting (CABG), 
the same threshold was reached earlier in 2001 (3,171 mitral 
repair + CABG, 2,812 mitral replacement + CABG) [27]. 
Since 2003, for interventions involving the aortic and MV, 
MV repair exceeds MV replacement (8,386 MV repaired 
overall, 8,039 MV replaced) [28].

At the other end of the spectrum, with recent advances in 
surgical techniques and reduction in postoperative morbidity 
and mortality, asymptomatic elderly patients with severe MR 
and preserved LV function may benefit from surgical inter-
vention. The recent American College of Cardiology/
American Heart Association guidelines recommend surgical 
intervention for asymptomatic patients with any degree of 

LV dysfunction (defined as EF <60% and/or ESD (end 
systolic dimension) >40 mm), and those with normal LV 
function (EF >60% and ESD <40 mm) with new-onset atrial 
fibrillation or pulmonary hypertension [16]. They also rec-
ommend that if MV repair is likely, that is, greater than 90% 
probability, asymptomatic patients with normal LV function 
and no atrial fibrillation or pulmonary hypertension should 
be referred for surgical intervention.

Surgical Techniques

Mitral Valve Replacement

Initially, mitral valve replacement with a mechanical or tis-
sue prosthesis involved complete excision of the subvalvular 
apparatus, but subsequent studies revealed a detrimental 
effect on LV function with this technique [29]. Preservation 
of the entire subvalvular apparatus can usually be performed 
in MR patients because the MV leaflets and chordae are thin 
and pliable (Fig. 32.4). Subvalvular preservation results in 
maintenance of annulo-ventricular continuity and improved 

Fig. 32.4 Retention of the subvalvular apparatus during mitral valve 
replacement as described by Calafiore et al. [73]. Only a small portion 
of the anterior leaflet (shaded area) is resected. Calafiore et al. [73] 
recommend MV replacement when the distance between the coaptation 
point of the leaflets and the plane of the mitral annulus exceeds 10 mm 
(reprinted from Calafiore et al. [73], with permission from The Society 
of Thoracic Surgeons)
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preservation of LV function [30]. An exception is in patients 
with rheumatic valvular disease. The secondary and tertiary 
chordae are often shortened and fused to the latter wall of the 
posterior ventricle. Therefore, resection of primary chordae 
and most of the valve leaflets can be done without hindering 
annular–ventricular continuity. Indeed it is often necessary 
to obtain space for an adequately sized valve.

Mitral Valve Repair

MV repair is preferred over replacement to treat mitral insuf-
ficiency with improved short-term and long-term survival 
[31–35]. The STS database indicates that MV repair is per-
formed in only 36.1% of MV operations in patients older 
than 70 years nationally, significantly less than that in 
younger age populations [36]. There is discrepancy in the 
literature regarding the benefit of repair in elderly patients. 
Some authors cite improved in-hospital and long-term sur-
vival in elderly patients aged 70 years or older undergoing 
isolated MV repair [37], whereas others suggest MV 
repair provides no benefit in patients older than the age of 
60 years [38].

The techniques for MV reconstruction were first intro-
duced by Carpentier in the 1970s and these have proven to be 
durable and reproducible [31]. Newer techniques have been 
introduced in recent years such as the use of artificial neo-
chordae (PTFE) and the edge-to-edge repair, leading to 
increased numbers of successful valve repairs worldwide. 
An annuloplasty ring or posterior band is generally used in 
combination with the repair to stabilize and correct annular 
dilatation to a normal size. The size of the annuloplasty ring 
or band is determined by measuring the anterior leaflet, inter-
commissural distance, and/or inter-trigonal distance. If nec-
essary, excision of prolapsing segments can be performed 
using either a triangular or quadrangular resection with or 
without leaflet sliding plasty. Abnormalities of the chordae 
can be treated by lengthening, shortening, transferring from 
a normal opposite leaflet segment, or more commonly, nowa-
days, by replacement (Fig. 32.5). This method has good 
long-term durability and is increasingly used.

Alfieri et al. [39] and Maisano et al. [40] have described 
an edge-to-edge MV leaflet repair technique by approximat-
ing the prolapsing segments of A2 and P2 for many different 
causes of MR. The technique is quick and relatively simple to 
perform. A suture is used to join the center of the anterior and 
posterior leaflets, creating a double orifice MV (Fig. 32.6). 
A mitral annuloplasty ring is inserted because long-term 
results without an annuloplasty ring are suboptimal [40].

In patients with ischemic mitral regurgitation, Messas 
et al. [41] proposed to reduce leaflet tethering by cutting a 
limited number of critically positioned second-order chordae 
tendinae to the anterior leaflet. This resulted in improved 

leaflet coaptation and reduced MR, without leaflet prolapse 
or decline in LV ejection fraction [41]. Liel-Cohen et al. [42] 
devised an infarct placation procedure to reverse LV remod-
eling in sheep. The infarcted region of the LV is plicated with 
mattressed sutures to reduce myocardial bulging and to bring 
the displaced PM tips back toward the anterior mitral annu-
lus. The plication process also reduces the proportion of LV 
circumference occupied by infracted myocardium. Kron 
et al. [43] have described another technique for the treatment 
of MR, particularly in patients with severe restriction of the 

Fig. 32.5 Artificial neochordae can be implanted to repair ruptured or 
elongated chordae (adopted from Amirak et al. [74])

Fig. 32.6 The edge-to-edge (Alfieri) repair [39] (adopted from Amirak 
et al. [74])
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P3 segment of the MV. A suture is used to connect the poste-
rior PM to the mitral annulus, adjacent to the right fibrous 
trigone, and a mitral annuloplasty ring is inserted (Fig. 32.7). 

The suture between the PM and the mitral annulus is 
shortened to alleviate tethering of the P3 segment and to 
increase leaflet coaptation. Kron et al. [43] have performed 
this procedure in 18 patients, with all patients having no or 
trace MR 8 weeks postoperatively.

Fundaro et al. [44] devised a relatively simple tech-
nique to ameliorate posterior leaflet tethering and restore 
normal distance between the annulus and PM. An incision 
is made at the base of the posterior leaflet and the basal 
chordae are transected to increase posterior leaflet mobil-
ity (Fig. 32.8).

The detached portion of the mitral annulus is then pli-
cated and the resulting defect in the posterior leaflet is closed 
with a running suture. The plicated annulus is reinforced 
with a short Gore-Tex strip or posterior annuloplasty band. 
The data on this procedure are sparse. We have done a simi-
lar technique but have additionally augmented the posterior 
leaflet by placing and elliptical patch of autologous pericar-
dium, bovine pericardium, or decellularized pig submucosa 
to close the incision (unpublished). This additional leaflet 
substance creates a much larger zone of coaptation.

Fig. 32.7 Relocation of the posterior papillary muscle (PPM), as 
described by Kron et al. [43] (A anterior mitral leaflet; LA left atrium; 
LV left ventricle; MR mitral regurgitation [arrow]; P posterior mitral 
leaflet) (reprinted from Kron et al. [43], with permission from The 
Society of Thoracic Surgeons)

Fig. 32.8 Posterior mitral valve restoration, as described by Fundaro et al. [44] (reprinted from Fundaro et al. [44], with permission from The 
Society of Thoracic Surgeons)
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Percutaneous MV repair techniques have recently been 
developed in large animal models and are now undergoing 
trials in patients. The Alfieri MV repair technique has been 
applied percutaneously [45] with a double-armed clip device, 
deployed through the femoral vessels. Percutaneous mitral 
annuloplasty has been described in large animal models 
where devices are inserted percutaneously into the coronary 
sinus in sheep [46] and dogs [47]. Both studies revealed 
acute reductions in MR, but long-term animal studies are 
pending. Percutaneous annuloplasty offers the advantage of 
avoiding an operation, but has the potential disadvantage of 
coronary sinus perforation or thrombosis, or injury to the 
adjacent circumflex artery [48]. In addition, the durability of 
this approach may be compromised by the coronary sinus 
having no fibrous connections to the mitral annulus.

MAC may present a formidable technical challenge to 
cardiac surgeons. Extensive calcification can prevent proper 
insertion of the prosthesis and give rise to periprosthetic 
leakage. Moreover, radical debridement of such calcification 
may cause cardiac rupture by atrio-ventricular groove sepa-
ration or injury to the left circumflex coronary artery [18]. 
In these cases, several techniques have been proposed to 

undertake mitral valve replacement, such as enlarging the 
circumference of the prosthetic valve with a Dacron collar 
(polyethylene tereph-thalate fiber; Medi-Tech, Boston 
Scientific Corp, Natick, MA), ring reconstruction with a 
pericardial patch, and the plication of the left atrial wall, 
where the prosthesis is directly sutured for an intra-atrial 
insertion. In some cases, the calcium bar has been excised 
and a new annulus with pericardium has been created 
[49–52]. Using these techniques, the implantation of the 
prosthesis is supra-annular in most cases, which obliges the 
atrial wall to resist all the hemodynamic stress that can pro-
duce a tear of the suture with a consequent perivalvular 
leak. In such situations, Di Stefano et al. [53] suggested 2-0 
polyester pledgeted mattress sutures between the free edges 
of the leaflets and the atrial wall, while avoiding passing 
through the calcified annulus (Fig. 32.9a) and creating a new 
ring inside the native annulus (Fig. 32.9b). The direction of 
the suture is not important and depends on the anatomic dif-
ficulty in accordance with the exposure of the valve, so that 
the placing of the pledget could be intraventricular or intra-
atrial. Depending on the extension of the calcification, the 
technique the authors [53] has described in the valve in its 

Fig. 32.9 Standard polyester 
pledgeted 2-0 U-shaped sutures 
crossing between (a) the free 
edges of the leaflet and the atrial 
wall (b) and the new created ring 
(reprinted from Di Stefano et al. 
[53], Copyright Elsevier 2009)
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totality with both leaflets, or only in the calcified part, when 
normally posterior. Despite this, the anterior atrial wall is 
closely related to the right and left trigones and the inter-
trigonal area, and above the annulus it maintains certain 
motility. Given the proximity of the aorta and the aortic valve 
to this area, special caution must be taken to avoid deep 
sutures in the inter-trigonal area, which could provoke injury 
to these structures. Both trigones can be used to anchor and 
give stability to the sutures.

Results of Surgery

Results of MV surgery continue to improve and in-hospital 
mortality especially in elderly patients with NYHA class I 
and II continue to decline. The STS reports overall mortality 
for isolated MV repair as less than 2% and for isolated MV 
replacement as 5% with a significant increase in mortality if 
either procedure is combined with CABG (7 and 11%, 
respectively, for repair and replacement) [27].

Mitral Repair vs. Replacement in Elderly

Major centers have documented an increase in the ability to 
repair valves in more recent times [54]. Though earlier, older 
patients are often not considered to be candidates for mitral 
repair because of (1) concerns of poor tolerance with return 
to cardiopulmonary bypass in the case of a failed repair,  
(2) unclear benefit of repair in elderly patients, and (3) the 
fact that valve repair can be difficult [55]. In our series, 
elderly patients fared better with MV repair compared with 
replacement with better 30-day and late survival [56]. 
Surgery performed in an early stage preceding the develop-
ment of left ventricular dysfunction was associated with an 
improved freedom from late cardiac complications [56]. The 
improved late survival in elderly repair patients was admit-
tedly in large part attributable to better operative mortality 
compared with replacement. Stroke, complication rate, and 
length of stay were improved in elderly patients undergoing 
repair compared to those undergoing replacement [56]. 
Enriquez-Sarano et al. [33] reported significantly less hospi-
tal mortality with MV repair over replacement for degenera-
tive MV disease (2.6% vs. 10.3%). Ten-year survival rate 
was better for repair than replacement (68 ± 6% vs. 52 ± 4%; 
p = 0.0001). A report from Gillinov et al. [32] supported 
long-term durability of MV repair for degenerative disease 
with 10-year freedom from reoperation of 93%. Patients with 
ischemic MR have also seen benefit to valve repair although 
this has been less well studied in part because of intrinsic 
disease that is inseparable from the process causing MR [57]. 

In a study evaluating patients with degenerative MR, Akins 
et al. [6] found a shorter length of stay (10 vs. 12 days) and 
less hospital mortality (3% vs. 12%) in patients who under-
went MV repair versus replacement. Yet few studies have 
evaluated MV repair and replacement in elderly patients.

Earlier reports contrast more recent reports indicating the 
lower operative mortality in elderly patients undergoing MV 
repair compared with replacement. Gogbashian et al. [37] 
compared MV repair with replacement in 292 patients aged 
70 years or older and showed that in-hospital mortality for 
isolated MV repair (0.7%) was significantly better than that 
for replacement (13.9%). Five-year survival also favored 
MV repair over replacement (MV repair, 81 ± 3%; MV 
replacement, 63 ± 3%). In the subset of patients aged 70 years 
or older in the report by Enriquez-Sarano et al. [33], opera-
tive mortality for repair patients was 6.8% compared with 
30.8% in replacement patients. Thourani et al. [38] demon-
strated that MV replacement and age were both independent 
predictors of in-hospital and long-term mortality. Despite 
documented superior outcomes with MV repair in elderly 
patients in these recent series, they concluded that MV repair 
does not provide long-term benefit in patients older than the 
age of 60 [38].

Improved Outcomes

Lower mortality documented in our study in elderly patients 
undergoing repair can be attributable to several reasons [29]. 
Preservation of the subvalvular apparatus improves long-term 
left ventricular function and survival [29, 58, 59]. Although 
techniques to preserve the subvalvular apparatus were used in 
the majority of patients undergoing replacement (71%) in our 
series, valve repair is still considered superior to replacement 
[37, 60]. Our experience describes shorter cardiopulmonary 
bypass times with valve repair, which may also be linked 
with lower mortality. Importantly, our experience of shorter 
cross-clamp and bypass times during mitral repair was seen 
in both elderly and young patients [56]. Unrepairable valves 
that require replacement may be a harbinger of more advanced 
heart disease and thus may bode worse outcomes [56]. 
Ailawadi et al. [61] indicate improved survival after MV 
repair over replacement in elderly patients (Fig. 32.10).

Operative mortality has been reported as low as 3.7% [62] 
and excellent long-term survival has been reported (gener-
ally comparable with an age- and gender-matched popula-
tion) [62, 63]. Freedom from reoperation rates have been 
reported to be greater than 90% at 5 years [63, 64]. Others 
have reported postoperative symptomatic improvement to 
NYHA class I or II at follow-up and are experiencing favor-
able if not more than favorable results reoperatively [62, 63]. 
Quality of life scores are also reported as equal to or greater 
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than those of the age- and gender-matched population [65, 
66]. However, these studies warrant a more aggressive 
approach.

Survival

Overall 1–5 year survival is reported to be 89.4% (95% CI: 
81.4–97.4) and 61% (95% CI: 46.4–75.8) [44]. Bioprostheses 
have traditionally been considered a suitable choice for the 
elderly, given the higher freedom from structural deteriora-
tion evident in older patients compared to young patients and 
the lack of requirement for long-term anticoagulation [62, 64, 
67]. Chordal sparing techniques for MVR might confer addi-
tional advantages by preserving left ventricular performance 
[68]. Recent data from the STS National Cardiac Database 
demonstrate that the proportion of patients with mitral dis-
ease who have their valve repaired rather than replaced 
decreases with age [36]. In contrast to the established prac-
tice, valve repair in older patients has been associated with 
favorable operative survival [41, 62] and shorter hospital stay 
[41] than valve replacement and indicates comparable long-
term outcomes [41]. Our institutional policy was to repair the 
mitral valve whenever possible and to replace the valve only 
when adequate repair was not considered feasible.

Others

In elderly patients, it has been demonstrated that 1- and 5-year 
freedom from cardiac death, including mitral valve-related 

deaths, is 94.6% (95% CI: 88.8–100) and 75.8% (95% CI: 
61.6–90.9) (Fig. 32.11a) [56]. One- and five-year freedom 
from mitral valve-related death is 98 and 95%.  
One- and five-year freedom from thromboembolic complica-
tions in hospital survivors remains 96.6% (95% CI: 91.6–100) 
and 84.1% (95% CI: 70.9–96; Fig. 32.11b) [56]. One- and 
five-year freedom from bleeding events in hospital survivors is 
96.1% (95% CI: 91–100) and 85.5% (95% CI: 72.3–97.7). 
One- and five-year freedom from heart-related hospitalization 
in hospital survivors remains 89.3% (95% CI: 81.3–97.8) and 
78.3% (95% CI: 64.7–92.1). Preoperative LVEF greater than 
40% is shown to be significantly associated with freedom from 
heart-related hospitalization (95% CI: 68–95) (p = 0.01) [56].

Conclusion

Recent advances with regard to the comprehension of the 
natural history of mitral valve disease have changed the 
approach from a relatively passive response to the develop-
ment of severe symptoms to an early surgery concept preced-
ing the signs of left ventricular dysfunction [12, 69]. The 
discussion in this chapter suggests that the elderly should not 
be excluded from this concept because of age alone. Favorable 
preoperative NYHA class and favorable preoperative left 
ventricular function has been associated with favorable long-
term survival in the elderly population [12, 59, 70]. When the 
surgical approach precedes the onset of left ventricular dys-
function, an improved freedom from late cardiac death and 
from the need for subsequent heart-related hospitalization is 
indicated. An observed survival rate comparable with 
the expected survival rate of the general population, the 

Fig. 32.10 Long-term survival 
with mitral valve repair (dashed 
lines) versus replacement (solid 
line) in elderly patients (reprinted 
with permission from Ailawadi 
et al. [61], Copyright Elsevier 
2008)



424 M.M. Elahi and K.J. Zehr

improvement in the functional status of the patient, the low 
incidence of complications, and the absence of the need for 
reoperation provide evidence that octogenarians with MR 
can achieve beneficial results from mitral valve surgery. This 
chapter emphasizes on reparative techniques that do not 
argue in a survival advantage compared with replacement but 
do prove to be a reliable approach regarding elderly patients. 
We suggest that in elderly patients surgery performed at an 
early stage, preceding the development of left ventricular 
dysfunction is associated with an improved freedom from 
late cardiac complications.
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Abstract Management of thoracic aortic diseases remains 
complex but has made tremendous progress over the last 
decades. Although thoracic aortic diseases affect patients of 
all ages, the older age group predominates. Clinical decision 
making can be particularly challenging in the elderly patients 
whether being an elective circumstances for asymptomatic 
aneurysm evaluation or under emergent situation in patient 
presenting with aortic emergencies such as aortic dissection 
or degenerative aortic aneurysm rupture. Even under the best 
circumstances, the operations are associated with well-know 
set of complications and risk of mortality that is generally 
higher than other operations performed by cardiothoracic 
surgeons. Advances both in surgical techniques, intraopera-
tive management, and postoperative care have reduced both 
mortality and morbidity in recent years in all age groups. 
Concomitant with that increasing number of elderly patients 
are being evaluated and undergo complex aortic operations. 
This chapter will focus on the surgical treatment of thoracic 
aortic disease as it pertains to the elderly patients. It will not 
attempt to address the general management of multiple tho-
racic aortic syndromes that the cardiothoracic surgeon faces 
in detail but instead highlight studies that specifically refer 
to the elderly patients and the specific and unique issues that 
relate to that group of patients. This includes decision mak-
ing in the elderly patient presenting with symptomatic and 
asymptomatic thoracic aortic aneurysm, acute aortic dissec-
tion, as well as addressing the issue of use of endovascular 
treatment of thoracic aortic aneurysm in the elderly.

Keywords Aortic disease • Thoracic aortic aneurysm •  
Aortic dissection • Penetrating atherosclerotic ulcer 
• Intramural hematoma • Ascending aorta • Descending aorta 
• Hypothermic circulatory arrest • Aortic surgery • 
Emergency surgery

Cardiovascular Surgery  
in the Aging Population

The absolute and relative number of the older population 
continues to rise in the US and the developed countries. The 
group that has experienced the most rapid change in numbers 
are individuals aged 85 years and older. Over the last cen-
tury, their number increased 34-fold from 122,000 in the 
year 1900 to 4.2 millions in the year 2000. It is projected that 
by 2050 this group will have reached 20.9 million individu-
als. The life expectancy of elderly individual also continues 
to increase. In 1900, an 85-year old individual had a life 
expectancy of 4.0 years. According to the most recent census 
data, the life expectancy of a 75-year old male or female is 
10.8 and 12.8 years, respectively. For an 85-year old, the life 
expectancy is 6.1 years for males and 7.2 years for females 
[1, 2]. Comprehensive knowledge of patient life expectancy 
is extremely important part of clinical decision making when 
taking care of the elderly patient. The main goals for surgical 
interventions for aneurysm disease should be to prolong life, 
alleviate symptoms, and/or improve quality of life. There are 
numerous studies that have demonstrated acceptable periop-
erative risk in elderly patients undergoing other cardiovascu-
lar operation than on the thoracic aorta. These studies have 
demonstrated that although the elderly patient undergoing 
coronary artery bypass grafting, valve surgery and abdomi-
nal aortic aneurysm repair are at slightly higher risk of com-
plication and require longer hospital stay compared with 
younger patients, the long-term survival normalized and 
becomes similar to the general population [3–6].

Aneurysmal Disease of the Thoracic Aorta

The prevalence and incidence of thoracic aortic disease is 
increasing both as a result of aging of the population and 
more frequent use of CT scans and echocardiography for 
diagnosis of various conditions. There are limited number of 
population studies to accurately determine the incidence of 
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both thoracic aortic aneurysm and aortic dissection. The 
most contemporary data originates from nationwide popula-
tion-based study from Sweden. The incidence of thoracic 
aortic disease diagnosis (aneurysm and dissection) in men 
rose by 52% from 10.7 per 100,000 per year in 1987 to 16.3 
per 100,000 per year in 2002. In women the incidence was 
lower but also increased 28% from 7.1 per 100,000 per year 
in 1987 to 9.1 per 100,000 per year in 2002. Relative risk of 
diagnosis of thoracic aortic disease was strongly correlated 
with age. The mean age was 70 years for the whole registry 
but the median age decreased from 73 years in the 1987–
1990 period to 71 years in the 1999–2002 period (p < 0.0001). 
The annual incidence of operative intervention also increased 
over the study period by sevenfold in male and 15-fold in 
women [7]. The overall incidence of thoracic aortic aneu-
rysm in Olmsted County in the period of 1990–1994 was 
10.99 per 100,000 per year compared with the 1951–1955 
period when the incidence was 2.41 per 100,000 per year [8]. 
Increased awareness of aneurysmal disease and improved 
diagnostic tools account for large portion of the earlier 
increase in incidence but there is indication that the true inci-
dence of thoracic aortic aneurysm is increasing because of 
the increasing age of the population.

Size of the thoracic aortic aneurysm is the strongest pre-
dictor for complication such as dissection, rupture, or death. 
This has been well defined by the Yale Center for Thoracic 
Aortic Disease. In their database, the average growth rate is 
0.12 cm per year (0.10 for ascending aorta and 0.30 for 
descending aorta) [9]. The median size at the time of rupture 
or dissection was 6.0 cm for ascending aneurysm and 7.2 cm 
for descending aortic aneurysm. Once the size of an ascend-
ing aneurysm reached 6.0 cm, the risk of rupture or dissec-
tion increased by 32.1% points. For descending aneurysm, 
there was 43.0% increase in risk once aneurysm reached 
7.0 cm in size [10]. Once the size of thoracic aortic aneurysm 
(both ascending and descending) reaches 6.0 cm in size the 
average yearly rate of rupture or dissection is 6.9%, and the 
average yearly risk of death becomes 11.8% with 5-year sur-
vival of only 56%. Patient who underwent elective operative 
repair restored life expectancy to normal [11]. Based on these 
findings, the current size recommendations for operative 
intervention is 5.0–5.5 cm for ascending and 6.0–6.5 cm for 
descending aneurysm in asymptomatic patients. Patients 
with connective tissue disorder such as Marfan disease are at 
increased risk of complication and should be offered opera-
tion when ascending aorta or root aneurysm reaches 4.5 cm. 
Patients with strong family history or aneurysm associated 
with bicuspid aortic valve are also at increased risk and 
should be considered for operation once aorta reaches 5.0 cm. 
Aneurysm growth of more than 1 cm/year, pain consistent 
with rupture or unexplained by other causes are also consid-
ered indications for surgery. The data for saccular aneurysm 
generally located in the descending aorta are not as clear but 
sac with over 2 cm and total diameter more than 5 cm are 

considered indications for surgery. These recommendations 
should certainly be extended to elderly patients but individ-
ual approach is paramount. Risk of aneurysm rupture, dis-
section, or death have to be weighed against the risk of 
perioperative death and complications as well as the overall 
expected long-term survival. This is particularly important in 
patients who have asymptomatic thoracic aneurysm where 
prolonging patient survival should be the primary goal.

Surgery of the Ascending Aorta  
and Aortic Arch

Aneurysmal surgery of the ascending aorta and aortic arch 
generally requires the use of profound hypothermic circula-
tory arrest to perform a direct open repair. These complex 
operations are associated with significant morbidity such as 
stroke and neurological dysfunction and significantly higher 
mortality rates compared with other cardiac operations. 
Debates have arisen whether these operations should be 
offered to the elderly patient. Age has been identified to be 
an independent risk factor for stroke and transient neurologi-
cal dysfunction defined as postoperative confusion, agita-
tion, and transient delirium in patient undergoing hypothermic 
circulatory arrest [12, 13]. Age above 60 has also been 
defined as a risk factor for death or permanent neurological 
injury in same series [12]. The Swedish heart surgery regis-
try of patients undergoing operations on the ascending aorta 
found that age (HR = 1.05), aortic dissection (HR = 1.54), 
emergency operation (HR = 2.80), coronary artery bypass 
grafting (HR = 2.03), postoperative stroke (HR = 1.84) and 
postoperative renal failure (HR = 2.45) were all indepen-
dently associated with surgical mortality. Only age was an 
independent but a weak risk factor associated with long-term 
mortality with HR = 1.06 per 1 year increment [14]. A large 
Japanese series demonstrated that early mortality, postopera-
tive stroke, transient neurological dysfunction, and respira-
tory complication were all higher in patient over the age of 70. 
That series included all types of thoracic aortic operations 
and demonstrated that emergency operations were associ-
ated with very high mortality rates [15]. However, majority 
of studies that have specifically addressed the use of hypo-
thermic circulatory arrest in the elderly demonstrate favor-
able outcomes. However, these studies are all retrospective, 
contain few cases, and probably are affected by significant 
selection bias where preferably “good risk” elderly patients 
were offered operation but others excluded and therefore not 
studied further. Incidence of stroke was between 8 and 20% 
and early mortality was between 5 and 16% [16–18]. Only 
one of the studies demonstrated increased risk of stroke com-
pared with younger patients or elderly patients undergoing 
other cardiovascular operations [17], while other demon-
strated the protective role of retrograde cerebral perfusion 
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as an adjunct during hypothermic circulatory arrest [18]. 
Predictors of stroke in octogenarians were prior history of 
stroke and increased cardiopulmonary bypass time, while 
predictors of early mortality included low glomerular filtra-
tion rate, long cardiopulmonary bypass time, and emergency 
operations. Long-term survival in these elderly patients did 
not differ from age-matched US population (Fig. 33.1) [18]. 
It is therefore safe to conclude that elective operations on the 
ascending aorta and aortic arch can be safely performed with 
the use of hypothermic circulatory arrest in octogenarians 
with acceptable morbidity and mortality.

Surgery of the Descending  
and Thoracoabdominal Aorta

Operative repair of the descending aortic and thoracoabdom-
inal aortic aneurysm remain highly complex and associated 
with numerous significant complications and high mortality. 
Operative mortality for open repair of descending aortic 
aneurysm is between 2.8 and 8.8% in contemporary series 
where incidence of spinal cord ischemia was 2.6–2.7% 
[19, 20]. For thoracoabdominal repairs, the incidence of spi-
nal cord ischemia is higher between 3.8 and 9.5%, and peri-
operative mortality has remained mostly unchanged between 
5.0 and 8.2% for years in experienced centers despite 
improvements in operative techniques and perioperative care 
[21, 22]. In addition to spinal cord ischemia with resulting 
paraplegia both pulmonary and renal complication are com-
mon and when they occur they are associated with significant 

increase in postoperative mortality. Various operative strategies 
and adjuncts are used in attempt to decrease complication 
aimed most specifically to decrease complication of spinal, 
renal, and visceral ischemia. Cerebrospinal fluid drainage, 
reimplantation of critical spinal arteries, neuromonitoring 
(evoked-potential), epidural cooling, moderate hypothermia, 
visceral and renal perfusion, and atriofemoral bypass have 
all been demonstrated to be beneficial adjuncts in these com-
plex operations. Most recently introduction of endovascular 
approaches have demonstrated improved short-term outcome 
in high-risk patient, although long-term outcome is not clear 
(see Endovascular treatment of thoracic aneurysmal 
disease).

There are only few numbers of studies specifically 
addressing open surgery of descending thoracic and 
 thoracoabdominal aneurysm in the elderly. Huynh et al. 
described their experience of 56 patients between the ages of 
79 and 88 years at the time of surgery who underwent 
replacement of the descending aorta or thoracoabdominal 
aorta. The cohort had significant number of comorbidities 
including hypertension (61%), chronic obstructive pulmo-
nary disease (23%), coronary artery disease (23%), conges-
tive heart failure (5%), history of cerebrovascular disease 
(20%), diabetes (9%), or chronic renal insufficiency or dialy-
sis (5%). Patient with at least one of the three factor, emer-
gent presentation, diabetes, or congestive heart failure, were 
categorized as high risk and had 50% 30-day mortality 
 compared with 17% in group of patients considered low risk. 
Age was not a risk factor by univariate analysis. However, 
there was only comparison within the group of elderly 
patients (79–88 years). Importantly, the 5-year actuarial sur-
vival was 48% [23]. The Baylor group presented their data 
comprising of 39 octogenarians undergoing thoracoabdomi-
nal aortic aneurysm repair ranging from 80 to 89 years of 
age. They also had significant preoperative risk factors 
including hypertension (61%), chronic obstructive pulmo-
nary disease (36%), coronary artery disease (33%), renal 
occlusive disease (31%), aneurysm rupture (18%), renal 
insufficiency (15%), diabetes (9%), history of cerebrovascu-
lar accident (5%). They had excellent results with in-hospital 
mortality of only 10.3% and all patients with ruptured aneu-
rysm survived to discharge. There was fairly high rate of 
postoperative complication including paraplegia (5.1%) all 
occurring in Crawford extent III aneurysm, cerebrovascular 
accidents (5.1%), renal failure (18%), pulmonary complica-
tions (36%), and cardiac events (18%). Univariate risk fac-
tors predictive for death were tracheostomy, myocardial 
infarction, and hemodialysis. The median length of stay was 
15 days with a range of 10–86 days. The 5-year actuarial 
survival was 50% demonstrating that despite long and com-
plicated hospital stay the long-term outcome is quite accept-
able [24]. Although these studies demonstrate that thoracic 
and thoracoabdominal operations can be performed with 
moderate operative risks of mortality when performed in the 

Fig. 33.1 Survival analysis of octogenarians undergoing ascending 
and transverse aortic arch repair compared to the US population. 
Survival in the study population was 56% vs. 86% (p = 0.02) at year 
1, 48% vs. 76% (p = 0.03) at year 2, 36% vs. 48% at year 5, and 20% vs. 
20% at year 10 (p = 0.10) (reprinted with permission from Shah et al. 
[18], Copyright Elsevier 2008)
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elective setting they are all results from high volume aortic 
surgery centers and may not properly represent the true oper-
ative outcome. Information from the National Inpatient 
Sample database report a staggering 22.3% overall mortality 
for thoracoabdominal aneurysm repair, with higher-volume 
centers and surgeons having much improved results [25]. 
Also state-wide registry demonstrates that the early mortal-
ity underestimates that long-term risk of thoracoabdominal 
repair where the 1-year mortality rates following elective 
operation was 34.7% in 70–79 years old and 40% in 80–89 
years old. If emergency operation was performed, the long-
term outcome was markedly worse with 62.4% one-year 
mortality in 70–79 years old and 68.8% in the oldest group 
(Fig. 33.2) [26]. Emergency surgery in this population of 
patients is associated with very high risk of stroke and mor-
tality especially when hypothermic circulator arrest is 
required (Fig. 33.3) [16, 23]. It brings up the issue whether 
open operative treatment should be offered in the emergency 
setting for ruptured descending or thoracoabdominal aortic 

aneurysm in this patient group and argues for earlier elective 
operative repair. Quality of life following these complex 
operations is important to address but currently there are no 
good data available regarding quality of life of elderly 
patients surviving complex descending thoracic or thora-
coabdominal aneurysm repair.

Penetrating Atherosclerotic Ulcers

Penetrating atherosclerotic ulcers are caused by rupture of an 
atherosclerotic aortic plaque that results in initial hematoma 
formation and then ulcer formation between the media and 
the adventitia. It is most commonly located in the descending 
aorta and can be associated with both intramural hematoma 
and localized type B dissection. It is generally an indicator of 
severe atherosclerotic disease of the aorta and frequently 
more than single ulcers are noted. The proper treatment  
of penetrating atherosclerotic ulcer has been debated and 
 pendulum has swung between operative and nonoperative 
management. Two large centers have presented opposite 
school of thoughts. Investigators at Yale presented their series 
of 26 patients where more than one-third presented with rup-
ture and two thirds underwent surgery. Early rupture was 
especially high when associated with intramural hematoma 
but also later complications such as aneurysm formation and 
rupture where also high [27]. On the contrary, the Mayo 
Clinic group presented a series where majority of patients 
were managed medically with success [28]. It is not clear 
what explains these differences expect a possible difference 
in patient characteristics where the Yale group were all symp-
tomatic and had much higher incidence of ascending aortic 
ulcers. Also no incidental atherosclerotic ulcers were included 
in that study. So management needs to be individualized both 
in respect to patient comorbidities and characteristics of the 
ulcers. Symptomatic penetrating ulcers, atherosclerotic ulcers 
with surrounding hematoma or with evidence of enlargement 
or impending rupture should be managed operatively. Patients 
at high-risk for surgery can probably be managed medically 
with anti-impulse therapy and close radiographic follow-up. 
Surgical treatment consists of either open operative repair 
with replacement of aortic segment containing the ulcer or 
endovascular stent grafting that has shown promise espe-
cially when the aortic ulcer is localized [29].

Aortic Dissection Syndromes

Aortic dissection is characterized by separation of the aortic 
intima and adventitia to various extents. Generally the 
initiating event is a hypertensive episode resulting in primary 

Fig. 33.2 One-year mortality following operative treatment of elective 
or ruptured thoracoabdominal aortic aneurysms (TAA) compared to the 
general population. The results are stratified into groups by increasing 
decade of life. Data are from the National Vital Statistic report (reprinted 
with permission from Rigberg et al. [26] Copyright Elsevier 2006)

Fig. 33.3 The risk of adverse outcome (death or permanent stroke) in 
octogenarians following aortic surgery requiring hypothermic circula-
tory arrest was highest in patients undergoing lateral thoracotomy and 
emergency surgery (reprinted with permission from Hagl et al. [16], 
Copyright Elsevier 2001)
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intimal tear. The inflow of blood then propagates the  dissection 
both proximally and distally creating a false lumen that com-
municates with the true aortic lumen at one or more second-
ary intimal tear sites. Stanford type A involves the entire aorta 
(DeBakey type I) or only the ascending aorta up to the level 
of the aortic arch (DeBakey type II). The tear is most com-
monly in the ascending aorta or proximal arch. Stanford type B 
involves dissection in the descending thoracic aorta extending 
into abdominal aorta where the primary tear is in the proximal 
descending aorta. Risk factors for aortic dissection include 
hypertension, thoracic aortic aneurysm, atherosclerotic dis-
ease, bicuspid aortic valve, aortic coarctation, and connective 
tissue disorders such as Marfan syndromes [30].

Acute Type A Aortic Dissection

Acute type A aortic dissection remains one of the most chal-
lenging diseases the cardiothoracic surgeon faces. In the 
early days of cardiac surgery, early mortality without surgi-
cal treatment was considered to be 1–2% per hour with less 
than 10% surviving 3 days [31]. Current operative mortality 
ranges from 12.7 to 32.5% while in-hospital mortality for 
nonoperative treatment is 58% [32–36]. Therefore, all 
patients presenting with acute type A aortic dissection should 
be considered for operative intervention. Probably the most 
contentious issue that has been extensively investigated in 
the elderly undergoing cardiac surgery is the appropriateness 
of surgical intervention for acute aortic dissection. Most of 
the literature focuses on acute type A aortic dissection, and 
several groups have reported dismal surgical outcomes in 
octogenarians, while others have reported acceptable results. 
Arguing against offering operation for type A dissection in 
octogenarians, Neri et al. reported on 24 patient aged 80 
years and older with intraoperative mortality of 33% and 
overall hospital mortality of 83%. All patients who survived 
the operation had one or more postoperative complication, 
and the mean hospital stay was 37 days and no patient sur-
vived beyond 6 months [37]. Piccardo et al. reported on 57 
consecutive octogenarians that underwent operation for type 
A aortic dissection with 45.6% in-hospital mortality and 
5-year survival of 44% [38]. Japan contains one of the largest 
proportions of the elderly population in the world and have 
demonstrated remarkably good surgical results. Shiono et al. 
reported on 24 octogenarians where hospital mortality was 
only 13% but significantly higher than the 6% mortality seen 
in patients younger than 80 years of age. The same goes with 
5- and 10-year survival that was significantly lower in 
octogenarians, 55 and 42%, respectively, than in the younger 
age group of 83 and 73%, respectively. However, age over 
80 was not an independent risk factor on univariate or 
multivariate analysis [39]. In an attempt to address the issue 

of quality of life following repair of type A dissection, 
another Japanese report described the results of 58 octoge-
narians. Thirty patients (Group I) underwent emergency 
operation, while 28 patients (Group II) did not undergo and 
operation and were treated conservatively according to 
patient or family wishes. Hospital mortality was very accept-
able of 13.3% in group I while 60.7% of group II died in the 
hospital. Ten of the patients in group I remained either bed-
ridden or highly dependent on assistance or care following 
discharge from the hospital. There was no difference in actu-
arial 5-year survival between operated and conservatively 
treated cases [40]. The study concluded that emergency 
surgery can be performed with acceptable hospital mortality; 
however, surviving patients are at high risk of complications, 
dementia, depression, and immobility, and operative 
intervention does not improve long-term survival, which 
needs to be addressed in discussing treatment options with 
patient and family. The International Registry of Acute 
Aortic Dissection (IRAD) database has reported on the dif-
ference in outcome of patients 70 years or older and patients 
younger than 70 years. Elderly patient had higher incidence 
of diabetes, prior cardiac surgery, hypertension, atheroscle-
rosis, iatrogenic dissection, and preexisting ascending aortic 
aneurysm. They were less likely to present with typical 
symptoms of acute onset of chest or back pain. In the data-
base only 64.4% of elderly patients underwent surgical inter-
vention. Reasons for nonoperative management included 
comorbid conditions, age, patient refusal, and intramural 
hemotoma. In-hospital mortality was significantly higher in 
the elderly cohort, 42.8% vs. 28%. Interestingly, medically 
managed patients had mortality of only 52.5% similar to the 
operated group. Age >70 was identified to be an independent 
predictor of mortality by multivariate analysis. The study 
concluded that age alone should not be used as a sole crite-
rion to exclude patients from undergoing repair of type A 
aortic dissection [41]. Other studies describe in-hospital 
mortality of 17.6–37.3% in patients aged 70 and older fol-
lowing operation for acute type A dissection [42–44].

So should the elderly patient be offered an operation when 
he/she presents with acute type A dissection? The general 
answer should be yes if preexisting comorbidity and clinical 
presentation are not considered to present a prohibitive oper-
ative risk. The rational for offering operation for acute type 
A dissection in octogenarians is primarily that age is not a 
strong risk factor for mortality. Therefore, age per se should 
not be the primary factor determining whether operation 
should be offered or not. The condition of the patient at the 
time of presentation is the primary determinant of mortality 
regardless of age. Patients with evidence of circulatory col-
lapse indicating rupture, pericardial tamponade, and coro-
nary malperfusion are at high risk for mortality. Patients with 
evidence of malperfusion syndromes especially cerebral 
malperfusion (stroke and coma) but also mesenteric, renal, 
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and limb malperfusion in addition to require prehospital 
endotracheal intubation are at even higher risk especially 
when combined with circulatory collapse [42, 45, 46]. 
Although it would be justifiable to offer an operation for 
young patient with those devastating preoperative complica-
tions, it will probably not benefit the elderly patient.

Preexisting medical conditions have not been shown to be 
a significant risk factor for mortality following type A dissec-
tion repair. However, dementia, immobility, advanced heart 
failure, or cancer should probably be considered relative con-
traindications for operative intervention and in such cases con-
servative treatment should be considered. There is wide 
variability in the short-term survival in published series on 
operative repair for type A dissection in the elderly ranging 
from 13.3 to 83%. The reason for this is probably multifacto-
rial but could include difference in operative technique and 
perioperative management but more likely reflect selection 
bias where some institutions do not offer operation for the 
very elderly or cases that are considered hopeless and are 
therefore not represented in the series and data not collected 
on those patients. On the contrary, other institution may be 
more aggressive and not deny anyone an operation and there-
fore accept higher mortality rates. Surgeons should attempt to 
analyze the data at their own institutions relevant to operative 
outcome in this patient population to come to a conclusion 
what should be the acceptable and expected short-term sur-
vival at their hospital. Guidelines or specific policies can be 
helpful in establishing standard of care at that institution. They 
will also help to resolve ethical dilemma in certain cases and 
assist both patients and family in decision making regarding 
quality at end of life care and acceptance of death and dignity 
at the end of life. Obviously any guidelines should serve as 
such and allow certain flexibility that is bidirectional [47].

Principles of operative treatment for type A dissection 
should not be different in elderly patients than younger 
patients. Resection of the primary tear with replacement of 
the ascending aorta or hemiarch under hypothermic circula-
tory arrest is not associated with higher risk of stroke or early 
mortality in octogenarians and in conjunction with aortic 
valve resuspension or composite root replacement offers the 
optimal operative strategy [18].

Acute Type B Aortic Dissection

Type B aortic dissection originates in the proximal descend-
ing aorta and most commonly dissects distally into the 
abdominal aorta. Majority of the patients presenting with 
type B aortic dissection are 60 years and older. The promi-
nent symptom is severe back pain of sudden onset. 
Neurological deficits either due to spinal cord ischemia or 
limb ischemia can occur in up to 8.1% of cases and pulse 

deficit occurs in 20.3% [48]. The largest study investigating 
clinical features and outcome of type B aortic dissection in 
the elderly comes from the IRAD group. Majority of patients 
had history of hypertension and presence of atherosclerosis, 
diabetes, and prior aortic aneurysm were more common in 
the elderly cohort. Elderly patients were less likely to have a 
patent false lumen and higher incident of periaortic and intra-
mural hematoma. Compared with the younger age group the 
elderly were more likely to be treated medically, and they 
had lower incidence of pulse deficiency. However, they had 
higher incidence of hypotension and shock. In-hospital mor-
tality was 1.7-fold higher in the elderly patient where 
hypotension or shock, any branch vessel involvement, and 
periaortic hematoma were independent predictors of early 
mortality. These three clinical factors were used to stratify 
the risk of mortality where presence of hypotension or shock 
was associated with the highest in-hospital mortality of 56%. 
Any branch vessel involvement had mortality of 28.6%, and 
patients with periaortic hematoma had 10.5% mortality rate. 
Patients without any of those factors had very low risk of 
mortality (Fig. 33.4) [48]. Contemporary management of 
type B dissection includes the use of intravenous beta-block-
ers as first line agents that aims to reduce the dP/dT and cal-
cium channel blockers as the second line agents. Sodium 
nitroprusside should be avoided since it can result in shunt-
ing negatively affecting spinal perfusion.

Surgery in acute type B dissection is indicated for patients 
with persistent symptoms despite medical treatment, further 
expending false lumen, impending rupture, or malperfusion 
syndrome (visceral, spinal, or lower extremity). Traditional 
surgical options include open replacement of the descending 
aorta or distal aortic arch and fenestration procedure. Open 
procedures for type B dissection are associated with high rate 

Fig. 33.4 Risk stratification of patients with type B dissection younger 
and older than 70 years of age for in-hospital mortality in low and high-
risk groups. High-risk patients are those with hypotension or shock, any 
branch vessel involvement, or periaortic hematoma. Low-risk patients 
are those without these three risk factors (reprinted with permission 
from Mehta et al. [48], Copyright Elsevier 2005)
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of complications and mortality. The IRAD database reported 
in-hospital mortality of 29.3% and new neurological deficits 
of 23.2% that included 9.0% stroke, 7.5% coma, and paraple-
gia 4.5%. Visceral ischemia and acute renal failure occurred 
in 6.8 and 21.3% of cases, respectively. Independent predic-
tors of surgical mortality were age <70 (OR = 4.32) and pre-
operative shock or hypotension (OR = 6.05) [49]. More 
recently stenting of branch vessels and/or proximal aorta with 
endovascular grafts have been introduced and seem to pro-
vide favorable initial outcome [50].

Intramural Hematoma of the Thoracic Aorta

Intramural hematoma is considered as a subgroup of the dis-
section syndromes, although the pathophysiology is not well 
defined. Its definition and distinction from aortic dissection is 
bleeding and thrombus in the aortic wall without direct com-
munication with the true lumen of the aorta. It is thought to 
involve rupture of vasa vasorum resulting in hematoma prop-
agating between intimal and adventitial layers. However, 
some argue that it more likely involves a primary intimal dis-
section tear that does not propagate toward a secondary distal 
tear resulting in thrombosed false lumen. The ability to dif-
ferentiate between those two depends on the sensitivity of 
imaging modality used. Clinically presentation of intramural 
hematoma may be very similar to acute dissection and treat-
ment should be based on location of the hematoma (Stanford 
A or B). Type A located in the ascending aorta have better 
outcome if operated on, while type B can be treated medically 
[51]. There is very limited data regarding management of 
intramural hematoma in the elderly. A report reviewing the 
literature of 11 cases of octogenarians with intramural hema-
toma was reported to have favorable prognosis when treated 
medically for both type A and type B location supporting that 
conservative treatment is justified in that age group [52].

Endovascular Treatment of Thoracic 
Aneurysmal Disease

Traditional open replacement of the aneurismal thoracic 
aorta is extremely durable and has excellent long-term out-
come. As outlined earlier that approach carries a well-defined 
risk of morbidity and mortality. In an attempt to develop less 
invasive approaches and possibly decrease the incidence of 
early complications endovascular treatment with covered 
stent was introduced in the mid 1990s [53]. Since then tho-
racic endovascular aneurysm repair or stent grafting has 
become commonplace and used for almost any of the 
thoracic aortic syndromes with the exception of ascending 

aneurysm and extensive thoracoabdominal aneurysms. It 
offers the benefit of excluding the aneurysm from the pres-
surized lumen of the aorta without the physiological compli-
cations of thoracotomy and aortic crossclamping. Stent 
grafting has allowed treatment of aneurysm in patients who 
are considered too high risk for open repair and are associ-
ated with improved short-term outcomes. There have been 
considerable concerns regarding the long-term durability of 
aortic stent grafts and currently there are no long-term data 
available. Another drawback is the risk of endoleaks and 
need for follow-up imaging for unforeseeable future [54].

There are no randomized controlled trials available to 
appropriately answer which approach is better. Both 
metaanalysis and population-based analysis of endovascular 
vs. open thoracic aortic aneurysm repair suggest that endo-
vascular thoracic aortic aneurysm repair is safe in the short-
term, associated with fewer cardiac, respiratory and 
hemorrhagic complications and require shorter hospital stay 
[55, 56]. A metaanalysis of 17 studies totaling 1,109 patients 
demonstrated that there was significant reduction in early 
mortality (OR = 0.36) and major neurological events 
(OR = 0.39), and there was no difference in major reinterven-
tion rates [56]. A population-based analysis of 1,030 patients 
undergoing open repair and 267 patients undergoing stent 
grafting of thoracic aortic aneurysm used data from the 
Nationwide Inpatient Sample. The stent graft group had 
higher rates of comorbid conditions but the rate of any com-
plication and length of stay was significantly higher in the 
open group. However, there was no difference in early mor-
tality, which was 7.7% in the stent graft group and 6.4% in 
the open repair group [55].

It has generally been assumed that the patient groups that 
would benefit the most from endovascular repair would be 
high-risk patients for open repair. This would primarily be 
patients with comorbid conditions such as chronic obstruc-
tive lung disease, heart disease, and peripheral vascular 
occlusive disease as well as elderly patients. The mid-term 
result of the initial stent graft series from Stanford demon-
strated quite dismal long-term prognosis of 31% in group of 
patients that were considered inoperable by open techniques 
arguing that those patients are probably best served by non-
operative management [57]. More recent data of high-risk 
patients where nearly half of patients were over 80 years of 
age indicate that endovascular treatment improves early and 
intermediate-term survival up to 36 months when cumulative 
survival becomes similar for both group (Fig. 33.5) [58]. 
These results suggest that endovascular treatment in high-
risk patients should be viewed as palliative therapy aimed 
mainly for symptomatic relief.

There are relatively few publications addressing the use 
of endovascular repair in the elderly. It can be performed 
safely in octogenarians with acceptable short and mid-term 
results [59, 60]. Data from the Arizona Heart Institute of 
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44 patients with mean age of 84 years demonstrated that 
there was no difference in complication rates in octogenari-
ans and younger patients. Survival was similar in early and 
mid-term follow-up and it was not until after 5 years follow-
ing the treatment that the group diverged and survival of the 
older group decreased [60]. There is only one publication 
specifically comparing open vs. endovascular repair of the 
descending aorta in patient older than 75 years of age. The 
study included 41 patients undergoing open repair and 52 
patients undergoing endovascular repair. The endovascular 
group was older, 80.6 years vs. 76.9 years, had more signifi-
cant comorbidities, where 80.8% of them were prospectively 
identified as too high risk for open repair. The 30-day mortal-
ity appeared higher in the open group 17.1% vs. 5.7% but 
was not significant (p = 0.1). Composite end-point of 30-day 
mortality, stoke, paralysis, or dialysis was similar between 
the two groups as well as the 4-year survival [61]. The con-
clusion to be drawn from studies of endovascular repair in 
high-risk patients and the elderly is that endovascular repair 
can be safely performed in those patient groups with accept-
able rates of complications. There is improved short and 
mid-term survival but no difference in long-term survival.

Palliative Care in Elderly Patients  
with Terminal Thoracic Aortic Condition

The decision when not to offer an elderly patient an opera-
tion for a thoracic aortic condition generally falls on the 
shoulder of the cardiovascular surgeon in situations of 

emergency conditions such as acute type A aortic dissection, 
frank rupture, or contained rupture of descending aortic 
aneurysm. It is often an easier decision for the surgeon and 
also the patient and the family to consent for an operation 
rather than elect for nonoperative management. Negative 
operative outcome is then attributed to patient preoperative 
condition but affected individuals “feel better” that they gave 
their elderly family member a chance. Denying patient treat-
ment may bring up ethical concerns from both the patient 
and surgeon. Obviously, the surgeon has to give their own 
consent to accept and endure the responsibility of their rec-
ommendations and decisions in and out of the operating 
room. It is important to inform the family that side effects of 
surgery can be associated with degrading and disabling effect 
as well as pain. It is also important to be fluent in the current 
literature and operative outcomes to properly explain to 
patient and relative the expected outcome of surgery as has 
been attempted in this chapter. Acute type A dissection with-
out symptoms of malperfusion or hypotension/shock has 
similar outcome in the young and the elderly, and unless 
there are prohibitive comorbidities, patient should be offered 
surgery. However, emergent operations of the thoracoab-
dominal aorta have extremely poor outcome and generally 
should not be offered unless the elderly patient is highly 
functional and with minimal comorbidities. Certainly respect 
of patient wishes or written advance directives is paramount 
in emergency situations. Sudden change in patient condition 
especially when patient is incapacitated tends to push family 
toward operative intervention that sometimes goes against 
patients own wishes. The ethical values and principles that 
need to be applied in those circumstances are respect, benefi-
cence, discernment, and justice [62]. Once a decision has 
been made not to offer patient operative treatment, patient 
comfort and dignity at end of life is paramount. Anti-impulse 
therapy should be given in addition to opioids for pain relief 
if needed. Some individual patients will survive toward 
improved clinical condition or even to hospital discharge. In 
those circumstances, caution should be applied when recon-
sideration of management strategy is suggested. Although it 
has not been studied specifically, it is unlikely that operative 
risk changes significantly in the course of few days or even 
weeks.

Conclusion

Surgical treatment of thoracic aortic disease has changed dra-
matically over the last two decades both with respect to out-
come and operative strategies. This has occurred concurrently 
with increased number of elderly patients undergoing those 
complex operations. Although few studies have indicated 
that older age as a categorical variable is a predictor of sur-
vival, old age should not be the main factor determining 

Fig. 33.5 Survival analysis in high-risk groups demonstrates that endo-
vascular thoracic aortic repair (TEVAR) results in an early-term to inter-
mediate-term survival advantage compared with nonoperated group 
(control). The long-term survival is not significantly different (reprinted 
with permission from Patel et al. [58], Copyright Elsevier 2007)
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 appropriateness of operative treatment for thoracic aortic con-
ditions. When age is analyzed as a continuous variable, it is 
actually a very weak independent predictor of operative out-
come when compared with other comorbidities and clinical 
presentation. Most elective operations can be safely per-
formed in the elderly with acceptable short-term complication 
and return to normal life expectancy. Emergency operations 
such as repair of acute type A dissection should generally be 
performed but emergency treatment of descending aortic con-
ditions remains associated with high morbidity and needs to 
be individualized. Endovascular treatment of thoracic aortic 
condition is promising but will need further evaluation prior 
to be considered as the standard of care in the elderly patient.
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Abstract Published data on pericardial disease in the 
elderly population are scarce. There are microanatomic 
changes that occur with aging that reduce the elasticity of 
the pericardial sac, which are presumed to make the elderly 
more hemodynamically sensitive to the ill effects of pericar-
dial effusion. Certain diseases, such as postpericardiotomy 
syndrome, Dressler’s syndrome, and neoplasms, are more 
frequently seen in the elderly patients. Although not his-
torically a disease of the elderly, constrictive pericarditis 
is becoming just that due to a shift in etiology away from 
tuberculosis in much of the industrialized world. Optimal 
management of any pericardial disease in the elderly must 
take into account frequent and occasionally severe comor-
bidities, as well as occasionally complex social situations 
requiring careful hospital discharge planning.

Keywords Cardiac tamponade • Constrictive pericarditis  
• Echocardiography in acute tamponade • Echocardiography 
in constrictive pericarditis • Pericardial effusion • Pericardial 
neoplasm • Pericardiectomy(f) • Pericardiocentesis (f)  
• Pericarditis • Pericardium • Postpericardiectomy syndromes

Anatomy

The visceral pericardium is made up of a thin monocellular 
serosal layer, while the thicker parietal pericardium is com-
posed of a fibrous outer layer covered with a lining of the 
same monocellular serosal layer that comprises the visceral 
pericardium. The serosal layer is composed of mesothelial 
cells, while the fibrosa is composed of fibrocollagenous tis-
sue that demonstrates age-related decreases in the “wavi-
ness” of collagen bundles and elastin content [1]. Therefore, 
it is expected that the pericardium will become less forgiving 
of volume increases as a person ages [2].

The pericardial reflection is at the base of the heart in 
association with the great vessels. This serosal reflection 
forms sinuses to allow passage of vessels. The transverse 
sinus is between the aorta and the pulmonary artery trunk 
and the atria, while the oblique sinus allows entry of the vena 
cavae and pulmonary veins [2].

The inferior and anterior parietal pericardium is fixed at 
the diaphragm and sternum by the pericardiophrenic and 
sternopericardial ligaments, while the posterior pericardium 
is anchored by loose connective tissue to the posterior medi-
astinum [3].

The arterial blood supply to the pericardium derives from 
the pericardiophrenic branches of the internal thoracic arter-
ies and small aortic branches. The venous drainage is via 
pericardiophrenic veins that drain into the brachiocephalic 
veins [3].

Innervation of the pericardium is mainly through the 
phrenic nerve, while the vagus nerves contribute some poste-
rior branches [2].

The pericardium normally contains between 20 and 
60 mL of serous fluid [1]. Radiographic enlargement of the 
cardiac silhouette usually does not occur until more than 
250 mL of fluid is present [4]. Smaller amount can be 
detected by echocardiogram, computed tomography (CT), or 
magnetic resonance (MR).

Physiology

Pericardial physiology is relatively complex, but can be sim-
plified by defining its three general functions: mechanical, 
membranous, and ligamentous. The mechanical functions of 
the pericardium include limiting acute chamber dilation and 
maintaining normal ventricular compliance. The membra-
nous function includes reducing external friction and creat-
ing a barrier to inflammation. The ligamentous function 
serves to limit cardiac displacement [2].

The pericardium does have a small capacitance reserve 
of approximately 150–250 mL in which only small increases 
in intrapericardial pressure will accompany increases in 
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fluid accumulation [3]. Beyond this capacitance reserve, the 
intrapericardial pressure increases exponentially with even 
small increases in volume, interfering with mechanical myo-
cardial function. Compensatory mechanisms are set in 
motion that delay or prevent the development of clinical 
tamponade [5], explaining the occurrence of acute tampon-
ade with saline instillation into experimental animals’ 
 pericardia of 200–300 mL of fluid [6], while chronic effu-
sions may contain two liters without demonstrating signs of 
tamponade [5].

Pericardial Diseases

Acute Pericarditis

The causes of acute pericarditis comprise an extensive list, 
some of which are more common in the elderly. Among the 
causes of acute pericarditis in the general population are 
infections such as tuberculosis, streptococcus, staphylococ-
cus, coxsackie virus, vasculitides and other connective-tissue 
diseases, neoplasms, trauma, metabolic problems such as 
uremia or gout, postpericardiotomy syndrome, and pulmo-
nary embolism [4, 7]. In the past, the cause was rarely identi-
fied; however, the diagnostic yield has improved to the point 
that only about 30% of cases remain idiopathic [4]. Some 
causes of acute pericarditis that are more specific to an 
elderly population are primary and secondary malignancy, 
postinfraction pericarditis (Dressler’s syndrome), and post-
pericardiotomy syndrome following median sternotomy and 
cardiac operations [7].

Diagnosis of acute pericarditis in the elderly population is 
complicated by the overlap of symptoms of pericarditis and 
acute myocardial infarction (AMI). The pleuritic nature of 
the chest pain in pericarditis is unusual in AMI. Ischemic 
myocardial pain is not exacerbated by movement as is the 
pain of acute pericarditis. Chest pain from pericarditis is 
exacerbated by laying supine and relieved by leaning for-
ward. Unlike in ischemia, nitrates do not alleviate the pain of 
pericarditis. Pericardial friction rub is pathognomonic for 
pericarditis but is not heard in all, or even most cases [8]. 
Myocardial enzymes can be elevated in both pericarditis and 
AMI making their specificity unreliable. The 12-lead elec-
trocardiogram is probably the most useful diagnostic modal-
ity. In the earliest stage of acute pericarditis, the ECG will 
demonstrate elevated j-point, upward concave ST elevations, 
and the corresponding PR depression [9].

Pericardiocentesis with fluid evaluation in the setting of 
pericarditis is indicated for cardiac tamponade, purulent 
pericarditis, suspicion of malignancy, or for diagnostic clari-
fication. The fluid evaluation should include glucose, lactate 

dehydrogenase, protein, cell count, gram stain, bacterial and 
viral cultures, staining for acid-fast bacilli and cytology. 
Immunohistochemistry techniques may help clarify autoim-
mune causes. Adenosine deaminase activity is diagnostic for 
tuberculosis [10], while carcinoembryonic antigen elevations 
are quite specific for malignant pericarditis [11].

The basic first-line treatment of noninfectious acute peri-
carditis is nonsteroidal antiinflammatory drugs (NSAIDS). 
Ibuprofen is a good first choice, while colchicine is a useful 
adjunct for recurrent disease. Colchicine is also an accept-
able alternative for those who cannot tolerate NSAIDS [10]. 
Indomethacine is effective but is associated with an increased 
risk of cardiovascular events [12]. Corticosteroids have been 
shown to decrease the amount of effusion and effusion 
recurrence in the treatment of tuberculous pericarditis [13]. 
Otherwise, corticosteroids should be reserved for peri-
carditides caused by diseases specifically treated with 
 steroids and severe pericarditis resistant to NSAIDS [9]. 
Pericardial drainage is not routinely indicated for 
 pericarditis complicated by effusion except for purulent 
pericarditis, large effusions refractory to medical therapy, 
perisistent unexplained effusions (>3 months), tuberculous 
effusions, or tamponade [14].

Complications of acute pericarditis are effusion recur-
rence, tamponade, and constrictive pericarditis. Recurrent 
pericarditis occurs in 30% of patients, and can be seen after 
Dressler’s and postpericardiotomy syndromes [10]. Colchicine 
is recommended in recurrent disease [15]. Pericardiectomy 
may ultimately be required for recurrent disease refractory to 
nonsurgical therapy.

Constrictive Pericarditis

Constrictive pericarditis is defined as thickened, scarred, 
often calcified pericardium that limits diastolic ventricular 
filling [16]. Processes that can result in acute pericarditis can 
eventually cause constrictive pericarditis. Common causes 
include infection (especially tuberculosis), radiation therapy, 
postcardiac surgical procedures, traumatic hemopericardium, 
neoplasm, and renal failure [14]. In the last few decades, there 
has been a shift to more iatrogenic causes than infectious 
etiologies [17]. Because of this shift in etiology from tuber-
culosis to postcardiac surgery and mediastinal irradiation 
[3], the median age of patients with constrictive pericarditis 
has increased from 45 to 61 years [17]. This shift in demo-
graphics to an older population with more comorbidities 
increases the risk of pericardiectomy. Advanced age has been 
shown to be an independent predictor of decreased late sur-
vival following pericardiectomy. In addition, certain etiolo-
gies independently may increase the risk of pericardiectomy 
as is the case with mantle irradiation [17].
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The crucial diagnostic task is to distinguish between 
 constrictive pericarditis and restrictive cardiomyopathy. This 
requires a multimodality diagnostic evaluation, including 
clinical presentation, echocardiography, some form of axial 
imaging, endomyocardial biopsy, and cardiac catheterization 
as indicated.

The signs and symptoms of constrictive pericarditis are 
essentially those of right heart failure and include peripheral 
edema (76%), abdominal swelling, gastrointestinal symp-
toms related to hepatic and bowel congestion, elevated jugu-
lar venous pulsations (93%), hepatomegaly (53%), ascites 
(37%), S3 heart sound (47%), concomitant left heart failure 
(69%), and exertional dyspnea [3, 17].

Classic echocardiographic findings that differentiate con-
strictive pericarditis from restrictive cardiomyopathy are 
dramatic respiratory variations in mitral inflow and pulmo-
nary vein flow. These findings are present only in constric-
tive pericarditis. Combining newer modalities of color 
M-mode echo and doppler echo with transesophageal echo 
has resulted in improved percentage of correct diagnoses 
from 74 to 95%. On transesophageal echocardiography, a 
respiratory variation ³18% for peak pulmonary vein diastolic 
flow velocity is 79% sensitive, and 91% specific for constric-
tive pericarditis, while a respiratory variation ³ 10% for peak 
early mitral filling is 84% sensitive, and 94% specific for 
constrictive pericrditis. On M-mode echocardiography, a 
first aliasing slope ³100 cm/s has a sensitivity of 74%, and 
specificity of 94% for constrictive pericarditis. Finally, on 
doppler echocardiography, a peak early velocity of longitu-
dinal axis mitral annulus expansion ³8 cm/s is 89% sensi-
tive, and 100% specific for constrictive pericarditis [18].

Axial imaging with CT or MR is not diagnostic of constric-
tive pericarditis but provides supporting evidence for the diag-
nosis and can be used to ensure that no concomitant thoracic 
pathology is present. CT typically demonstrates calcification 
associated with constrictive pericarditis, as will MRI but with-
out the use of iodinated contrast or ionizing radiation [19].

Hemodynamic testing in the cardiac catheterization labora-
tory can provide several characteristic findings of constrictive 
pericarditis, the most reliable of which is ventricular discor-
dance. This is demonstrated by a reciprocal increase in RV and 
decrease in LV pressure on inspiration due to fixed cardiac 
volume caused by the constrictive disease  process [3].

Endomyocardial biopsy is utilized to evaluate for restric-
tive cardiomyopathy [20].

Treatment for constrictive pericarditis is ultimately surgical; 
however, medical therapy plays a limited but important role. 
Pericardial constriction may improve or resolve within a few 
months of development; although early operation is consid-
ered, a period of observation should be recommended to allow 
spontaneous resolution. Medical therapy consists of NSAIDS, 
corticosteroids, and antibiotics [21]. Surgical  treatment con-
sists of radical pericardiectomy (Figs. 34.1 and 34.2). Heart 

Fig. 34.1 Pericardiectomy for constrictive pericarditis. Anterior 
 dissection (from Villavicencio et al. [24], reprinted by permission of 
Mayo Foundation for Medical Education and Research. All rights 
reserved)

Fig. 34.2 Pericardectomy for constrictive pericarditis. Posterior 
 dissection (from Villavicencio et al. [24], reprinted by permission of 
Mayo Foundation for Medical Education and Research. All rights 
reserved)



440 J. Kindelan and A. de Hoyos

 transplant should be considered in those with very severe 
constrictive pericarditis, especially when caused by medi-
astinal irradiation.

The timing of pericardiectomy has been investigated, and 
the results favor early operation vs. protracted medical man-
agement and late surgical intervention [17, 22]. It has been 
shown that the severity of congestive heart failure (CHF) is 
an independent risk factor for worse survival, so pericardiec-
tomy is recommended before CHF worsens to NYHA class 
III or IV [17].

Radical pericardiectomy can be performed through 
 multiple incisions, including left anterolateral thoracotomy, 
median sternotomy, and bilateral anterior thoracotomy 
[23, 24]. Wide excision of the pericardium is mandatory. 
Decortication of the atria and vena cavae should be  performed 
if possible, while avoiding excessive bleeding. In addition, 
decortication of the constrictive visceral pericardium should 
be performed [22].

Radical pericardiectomy can be a difficult operation with 
a significant short and long-term mortality risk. Mortality in 
the first 30 postoperative days is 6%, while 5-year survival is 
78%, and 10-year survival is 57%. Cardiopulmonary bypass 
is necessary in the minority of patients (35%). The majority 
of patients have a durable improvement in symptoms, and 
this improvement appears to correlate to the completeness of 
the pericardiectomy [17].

Pericardial Effusion and Acute Cardiac 
Tamponade

Acute cardiac tamponade occurs when the pericardial reserve 
volume is exceeded by a pericardial effusion and cardiac 
compression, often with accompanying signs of cardiogenic 
shock, results. The elderly patients are particularly suscepti-
ble given the microanatomic changes of loss of elastin and 
loss of collagen flexibility, decreasing pericardial compli-
ance. The volume of fluid needed to cause tamponade is vari-
able and depends on the rate of accumulation. With acute 
hemorrhage, as little as 150 mL may cause severe tampon-
ade, while patients with a more indolent process such as ure-
mic effusion can accumulate as much as two liters of fluid 
before tamponade occurs [3].

Signs of tamponade include tachycardia, hypotension, 
and Beck’s triad of pulsus paradoxus (inspiratory systolic 
drop of 10 mmHg or more), jugular venous distention, and 
muffled heart sounds [3]. Although tachycardia is nearly a 
universal finding, important exceptions include uremia and 
hypothyroidism, where bradycardia may be present [5]. 
During the compensated phase of tamponade, tachycardia 
and mild hypertension may occur. As the limits of pericar-
dial capacitance are reached, a decompensated phase ensues 

with rapid development of circulatory collapse due to the 
interference with the mechanical function of the myocar-
dium. Subacute tamponade may be manifested by oliguria 
and renal failure and is more frequent in the elderly popula-
tion following cardiac procedures.

Electrical alternation on electrocardiogram is due to 
swinging of the heart in a pericardial effusion and is strongly 
suggestive of tamponade. ECG changes consistent with peri-
carditis are also frequently seen and do not rule out tampon-
ade [25, 26].

Doppler echocardiography is the primary diagnostic 
modality. Chamber collapse is the principle finding, espe-
cially of the right atrium and right ventricle. Early and late 
diastolic invagination occurs in the right atrium and right 
ventricle, respectively. Collapse of the left atrium is infre-
quently seen, but is a highly specific sign of tamponade [5].

Axial imaging is rarely needed to aid in the diagnosis of 
tamponade. MR is prohibitively slow for diagnosis of acute 
tamponade, but CT may be useful when echocardiography is 
not rapidly available [5].

Treatment of acute cardiac tamponade is controversial and 
depends somewhat on the cause, and the presence or absence 
of hemodynamic instability. In hemodynamically unstable 
patients whose tamponade is not the result of trauma or car-
diac surgery, the treatment is landmark- or ultrasound-guided 
pericardiocentesis for rapid relief of the increased intraperi-
cardial pressure [5, 27, 28] (Fig. 34.3). In hemodynamically 
stable patients with tamponade, the safest and most durable 
approach is a subxyphoid pericardiectomy under local or 
general anesthesia [27, 28]. Other approaches to pericardial 
drainage have been described, including  thoracoscopic peri-
cardiectomy [29]. The video-assisted  thoracic surgery (VATS) 

Fig. 34.3 Pericardiocentesis (reprinted with permission from Spodick 
[5]. © Massachusetts Medical Society. All rights reserved)
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approach appears to provide more durable drainage of the 
pericardium but requires single lung ventilation and is associ-
ated with higher minor procedural morbidity [30].

In postcardiac surgery patients in whom hemorrhage is 
the cause of the tamponade, the sternotomy incision can be 
reopened and the sternal wires cut in a matter of minutes in 
the intensive care unit. In more distant postoperative patients, 
pericardiocentesis or ultrasound-guided drain placement 
might be more suitable. In trauma patients with pericardial 
effusion or tamponade, the source must be presumed to be 
hemorrhage either from penetrating injury or deceleration 
great-vessel injury from blunt trauma. Rapid surgical access 
to the pericardium should be obtained, preferably through a 
median sternotomy or left anterolateral thoracotomy [31].

Pericardiocentesis is performed by inserting a needle into 
the left paraxyphoid position, passing it under the costal mar-
gin, and then directing the needle to the patient’s left shoul-
der while continuously aspirating. A needle with a catheter 
large enough to pass a wire is useful so that a pigtail drain 
can be placed via the Seldinger technique if prolonged drain-
age is desired. These drains can usually be removed when 
the daily output is less than 50 mL per day [5].

Subxiphoid pericardiostomy can be performed under gen-
eral or local anesthesia. As with any compressive mediasti-
nal mass, the patient should be draped and the surgical team 
prepared for immediate commencement of the operation in 
the event of hemodynamic collapse on induction of general 
anesthesia. A midline incision is made over the xiphoid, 
which is resected in most cases. The pericardium is grasped 
and a generous portion is removed. A drain is placed in the 
pericardium and is brought out though a separate incision. 
Care is taken to remain above the abdominal fascia. Drains 
are not removed until output essentially ceases [28].

Pericardial Neoplasms

Primary pericardial neoplasms are rare. Malignant mesothe-
lioma is the most common and is usually unresectable. Other 
routes of pericardial involvement in neoplasm are direct 
extention or systemic metastasis. Lung cancer and thymic 
malignancies typically involve the pericardium by direct 
invasion. Many cancers involve the pericardium by systemic 
spread as in the breast cancer and lymphoma [32]. Malignant 
pericardial effusions are notable mainly for their tendency to 
recur. The surgical treatment of malignant pericardial effu-
sion is subxiphoid pericardiectomy or VATS pericardiec-
tomy. In this frail population with advanced cancer, a 
subxiphoid window under local anesthesia may be safer [33]. 
An even less invasive option that appears promising is per-
cutaneous drainage followed by tube instillation of bleomy-
cin as a sclerosing agent [34].

Postcardiac Surgery Injury Syndromes

These syndromes are febrile illnesses characterized by chest 
pain. They are autoimmune disorders occurring 1 week or 
months after cardiac surgery or myocardial infarction. 
Dressler’s syndrome is the name of the syndrome variant that 
occurs after myocardial infarction, while postpericardiotomy 
syndrome occurs after cardiac surgery. The incidence of 
Dressler’s syndrome is less than 5%, while postpericar-
diotomy syndrome is more common with an incidence 
between 10 and 40%. Postpericardiotomy syndrome usually 
demonstrates bilateral pleural effusions in addition to peri-
cardial effusion. Dressler’s syndrome is usually associated 
with a left sided pleural effusion and pericardial effusion. 
Both are treated with NSAIDs or steroids in severe cases 
[35]. Colchicine holds promise as a preventative medication 
for postpericardiotomy syndrome and is the subject of an 
ongoing randomized study [36]. Recurrent or persistent effu-
sions may be treated with percutaneous balloon pericardios-
tomy, or a subxiphoid or VATS pericardial window.
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Abstract Permanent pacemakers, implantable cardioverter 
defibrillators (ICDs) and cardiac resynchronization (CRT) 
devices are commonly used in the management of cardio-
vascular disease. Sick sinus syndrome and atrio-ventricular 
block are the two most common indications for permanent 
pacemaker implantation, representing more than 90% of the 
cases, and are both strongly associated with increasing age. 
Understanding the cardiovascular physiology among elderly 
patients is critical to the selection of the optimal surgical 
technique and reduction of complications. In this chapter, 
the role of pacemakers, ICDs, CRTs as well as technical 
issues for cardiac rhythm device implantation, including risk 
of device-related complications and appropriate program-
ming in elderly patients, is discussed.

Keywords Pacemaker • Implantable cardioverter-defibrillator 
• Cardiac resynchronization • Elderly • Epidemiology  
• Complications randomized trials

Introduction

Permanent pacemakers, implantable cardioverter defibrilla-
tors (ICDs) and cardiac resynchronization devices are com-
monly used in the management of cardiovascular disease. 
There is abundant clinical evidence that these devices either 
improve patients’ symptoms, improve their survival, or both 
[1–4]. As with other surgical interventions, clinicians care-
fully consider the use of these technologies in elderly 
patients, paying particular attention to the likelihood that 
elderly patients will derive a similar benefit to patients evalu-
ated in clinical trials, the potential for an increased risk of 
adverse outcomes in the elderly, technical issues of surgery 
specific to the elderly and the possible unique roles for these 

devices in elderly patients. However, age is not unique and is 
just one of many important patient characteristics. For exam-
ple, patient gender and a history of renal insufficiency requir-
ing dialysis are also strong predictors of adverse outcomes in 
patients receiving ICDs [5, 6]. Thus, clinicians must always 
consider the totality of each patient’s medical history, demo-
graphic information and prior interventions when contem-
plating any medical surgical interventions.

Epidemiology of Pacemaker and Implantable 
Cardioverter Defibrillator Use

The use of both pacemakers and ICDs is more common with 
advancing age, although this is particularly true for pace-
makers. Surveys have shown that up to 80% of pacemakers 
are implanted in the elderly [7, 8] and the average age of 
pacemaker recipients in the randomized trials of pacing 
mode was 75 ± 10 years [1]. This is not surprising as sick 
sinus syndrome and atrio-ventricular block are the two most 
common indications for permanent pacemaker implantation, 
representing more than 90% of the cases [7] and are both 
strongly associated with increasing age. Also, there are addi-
tional indications for pacing such as carotid sinus hypersen-
sitivity and non-accidental falls which although much less 
prevalent, are strongly associated with increasing age [9, 10]. 
As a result of this epidemiology, it would be fair to consider 
any discussion about the role of pacemakers in general to be 
highly representative of their role in the elderly. As opposed 
to the evaluation of many new medical and surgical interven-
tions, the majority of patients in pacemaker trials are elderly, 
thus, there is little or no concern about the application of the 
results of pacemaker trials to elderly patients. In fact, some 
pacing trials such as PASE [11] and UK-PACE [12] restricted 
enrolment to elderly patients. Thus, in interpreting the results 
of pacemaker trials, one should generally reverse the usual 
way of thinking about “how do the results of this trial apply 
to elderly patients?” and consider “how do the results of this 
pacemaker trial apply to the young?”
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Although the use of ICDs does increase with age, the 
association is much less marked than for pacemakers. The 
average age of ICD recipients in the pivotal randomized tri-
als of ICD therapy was between 60 and 65 years (Table 35.1) 
[3, 13]. The inclusion of elderly patients in these studies was 
relatively uncommon, as seen in the SCD-HeFT, where the 
intra-quartile range of included patients was 51.7–68.3 years, 
suggesting very few patients over 75 years old. In the 
MADIT-II trial, only 204 out of 1,232 patients enrolled were 
over the age of 75 [14]. However, since the publication of 
these trials, there has been a gradual increase in the use of 
ICDs in older patients, as seen in the National Cardiovascular 
Data Registry ICD Registry (2006–7) where the average age 
of ICD recipients was 67.7 ± 12.9 years [15]. For cardiac 
resynchronization trials, the mean age of patients was similar 
to that of ICD trials, ranging from 60 to 67 years and with 
less than 25% of patients exceeding 75 years in age 
(Table 35.1) [4, 16].

The Conventional Role of Pacemakers  
in the Elderly

Most patients who receive pacemakers suffer from either 
atrio-ventricular block or sinus node dysfunction [7], with 
most of the recent increase in pacemaker implant rates being 
attributable to the latter diagnosis [17]. Although randomized-
controlled trials proving the benefit of pacemakers for these 
indications are lacking, based on outcomes of patients treated 
with pacemakers in cohort studies compared to the very poor 
historical outcomes of untreated atrio-ventricular block, it is 
generally accepted that pacemakers improve survival in 
 atrio-ventricular block [18–20]. In addition, in both atrio-
ventricular block and sinus node dysfunction, pacemakers 

reduce patient morbidity by preventing syncope, resultant 
injury, exercise intolerance and, in some cases, heart failure 
[21]. In elderly patients, minimizing these symptoms and 
complications is of particular importance as they may fre-
quently result in loss of independence and the necessity for 
institutional care [21]. However, even with pacing, the risk of 
death or the need for institutional care remain high among 
elderly individuals.

Pacing for Non-Accidental Falls and Carotid 
Sinus Hypersensitivity

Dizziness, falls and syncope are common symptoms in the 
elderly [22, 23]. The annual incidence of syncope from any 
cause in this population is 6%, with a recurrence rate of 30% 
[22]. It has been estimated that 36% of elderly patients have 
at least one fall per year [23], resulting in significant deterio-
ration of quality of life, with health and socio-economic 
implications, including a 1% risk of hip fractures [24]. 
Common causes of syncope in the elderly include sinus node 
dysfunction, atrio-ventricular block, carotid sinus syndrome 
(CSS), vasovagal episodes, orthostatic hypotension and ven-
tricular arrhythmias. A detailed clinical history and physical 
examination, in association to electrocardiographic monitor-
ing, carotid sinus massage and tilt-table testing in selected 
cases form the basis of the diagnostic evaluation. However, 
determining the cause of falls in older patients is challenging 
due to frequent coexistent chronic illnesses, multiple drug 
therapy and common vague symptoms [25].

Over the last decade, interest has been increasing on the 
association between CSS and non-accidental or unexplained 
falls in the absence of loss of consciousness [25–31] 
Richardson et al has demonstrated a 23% prevalence of CCS 

Table 35.1 Patient characteristics in randomized trials of pacemakers and implantable cardioverter defibrillators

Trial Year of publication Patients (n) Mean age (years old)

MADIT (prophylactic ICD vs. conventional medical therapy) 1996 196 62 ± 9
MUSTT (electrophysiologically guided therapy with  

antiarrhythmic and possibly ICD vs. no therapy)
2000 2,202 58–72

MADIT II (ICD vs. conventional medical therapy) 2004 1,232 64 ± 10
SCD-HeFT (placebo vs. amiodarone vs. ICD) 2005 2,521 60.1 (51.9–69.2)
DEFINITE (ICD vs. medical therapy) 2004 458 58.4 (20.3–83.9)
COMPANION (CRT vs. CRT-PM vs. CRT-ICD) 2004 1,520 66
AVID (ICD vs. amiodarone or sotalol) 1997 1,016 65 ± 10
CASH (ICD vs. amiodarone vs. metoprolol) 2000 288 58 ± 11
CIDS (ICD vs. amiodarone) 2000 659 64 ± 10
CTOPP (VVI vs. AAI or DDD pacemaker) 2000 2,568 73 ± 10
MOST (VVI vs. DDD pacemaker) 2002 2,010 74 years (intra-quartile range, 67–80 years)
UKPACE (VVI vs. DDD pacemaker) 2005 2,021 80 ± 6
MADIT multicenter automatic defibrillator implantation trial; MUSTT multicenter unsustained tachycardia trial; SCD-HeFT sudden cardiac death 
in heart failure trial; DEFINITE defibrillators in nonischemic cardiomyopathy treatment evaluation; COMPANION comparison of medical therapy, 
pacing, and defibrillation in heart failure; DINAMIT defibrillator in acute myocardial infarction trial; AVID antiarrhythmics versus implantable 
defibrillators trial; CASH cardiac arrest study Hamburg trial; CIDS Canadian implantable defibrillator study; CTOPP Canadian trial of physiologic 
pacing; MOST mode selection trial; UKPACE United Kingdom pacing and cardiovascular events trial
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in “unexplained” or “recurrent” fallers over 50 years old who 
present to the accident and emergency department [32]. 
Pacemaker therapy for neurally-mediated syncope has been 
studied in several nonrandomized studies [33–36], however, 
its use is still controversial [37] and it is usually reserved for 
the subgroup of patients with cardio-inhibitory response and 
severe symptoms that remain refractory to medical therapy.

The efficacy of pacemaker implantation for elderly 
patients with recurrent falls has been validated by two clini-
cal trials [31, 38]. The SAFE PACE [31] was a multicentre 
randomized controlled trial designed to address the efficacy 
of dual-chamber pacing in older patients with recurrent 
unexplained falls and cardio-inhibitory carotid sinus hyper-
sensitivity (>3 s asystole to carotid sinus massage). The study 
included 175 patients >50 years old (mean age 73 ± 10 years; 
60% women) attending an accident and emergency facility 
because of a non-accidental fall who were randomized to 
either pacemaker group (n = 87) or standard treatment group 
(n = 88). The occurrence of falls without loss of conscious-
ness was significantly lower in the paced group (control 
group: mean 9.3; range 0–89; vs. pacemaker group: mean 
4.1; range 0–29; odds ratio 0.42; 95% CI: 0.23–0.75). 
Syncopal events were also reduced in the in the pacemaker 
group (28 episodes in paced patients and 47 in controls). 
There was a significant 70% reduction in injurious events in 
paced patients (202 in controls compared to 61 in paced 
patients). This study, however, did not include a blinding and 
a placebo arm, both important components in intervention 
studies in neurally-mediated disorders [39].

The prominent placebo effect in pacemaker trials is 
clearly illustrated when one compares the results of the 
un-blinded VPS, SYDIT and VASIS [40–43] studies, which 
demonstrated a significant reduction in syncope with pacing 
in patients with vasovagal syncope (VVS), to the results of 
the blinded SYNPACE and VPS II [41, 44] which did not 
show any benefit. These questions were addressed in an 
exploratory, randomized, double-blind, crossover, placebo-
controlled trial including 25 consecutive patients (mean 76.8 
years (SD 9.0), 27 (79%) female) with carotid-sinus hyper-
sensitivity and recurrent unexplained falls who received a 
dual-chamber permanent pacing with rate-drop response 
programming [38]. The pacemaker was switched on (DDD/
RDR) or off (ODO – placebo) for 6 months, then crossed 
over to the alternate mode for a further 6 months, in random-
ized, double-blind fashion. Permanent pacing intervention 
was shown to have no effect on fall rates in the DDD/RDR 
mode (4.04 ± 9.54) versus the placebo arm (3.48 ± 7.22); 
with a relative risk of 0.82 (95% CI 0.62–1.10) favoring 
placebo.

Because of the lack of strong evidence favoring its effi-
cacy and the risk of complications, cardiac pacing should be 
limited for highly selected patients with recurrent falls when 
other therapeutic options have failed and not as first-line 
therapy. How to select these patients still remains uncertain.

Technical Issues for Cardiac Rhythm Device 
Implantation in the Elderly, Including Risk  
of Device-Related Complications

Although considered minor surgery, the implantation of 
pacemakers and implantable cardioverter-defibrillators does 
entail risks, which may occur at a higher rate in the elderly 
compared to the young. Even if surgery is performed without 
incident, it must also be appreciated that among frail elderly 
individuals, the stress, disruption and immobility associated 
with even a brief hospitalization may be sufficient to trigger 
delirium or require short-term or even long-term institutional 
care [21]. Understanding the rate of complications among 
elderly patients is critical to the selection of the optimal 
 surgical technique for cardiac rhythm device implantation.

The implantation of cardiac rhythm devices in elderly 
patients requires special attention as such patients often have 
much co-morbidity, require multiple medications (including 
anti-coagulants and steroids) and may have low body mass 
with limited sub-cutaneous tissue under which to implant a 
pulse generator. Their skin may be of poor quality with spon-
taneous bruising and reduced defense against infection. 
Finally, vascular access may be challenging due to venous 
thrombosis, tortuosity and obstruction (particularly in the 
case of patients who have existing pacemakers or ICDs).

Large cohort studies [45–47] and clinical trials [1, 3] pro-
vide useful benchmarks for the anticipated rate of complica-
tions related to ICD or pacemaker implantation. In a large 
series of pacemaker complications involving 2,019 implants, 
serious complications were seen in 3.8% of patients [46]. 
Atrial lead dislodgment was the most common complica-
tion, occurring in 3.8% of cases, followed by ventricular 
lead displacement (1%), wound infections (0.8%), pneu-
mothorax (0.6%), hematomas requiring drainage (0.6%), 
and death (0.01%). Similar results were seen in another large 
clinical series in which serious complications leading to 
reoperation occurred in 3.3% of patients and atrial lead dis-
lodgement and infection were the most common complica-
tions (1.6 and 1%, respectively) [45]. Complication rates are 
slightly higher among patients receiving ICDs, in part due to 
the increased co-morbidity of these patients and complexity 
of the  systems implanted – particularly cardiac resynchroni-
zation devices [48].

In the meta-analysis of clinical trials of pacemaker mode, 
approximately 4% of patients had implant-related complica-
tions (Table 35.2) and late complications occurred in another 
6% (Table 35.3) [1]. When one examines these data 
(Table 35.1), it is clear that elderly patients (³75 years old) are 
at increased risk of peri-implant complications (Table 35.2), 
particularly lead dislodgement and pneumothorax [1]. 
Conversely, the elderly appear to be a reduced risk of late 
 complications, particularly lead fracture (Table 35.3). This is 
not surprising as elderly patients have multiple co-existing 



446 L. Armaganijan and J.S. Healey

 illnesses that may limit their life-expectancy, so their pace-
maker or ICD system does not have time to experience chronic 
system issues such as battery depletion or lead insulation fail-
ure. In the case of lead fracture, the elderly may also be at 
lower risk of this complication anyway, as their limited mobil-
ity and lower body mass exert less stress on their leads, caus-
ing less breakdown of insulation.

In elderly patients, several issues must be considered in 
selecting the appropriate location for a pulse generator, par-
ticularly for an ICD, as the size of the generator is much 
larger. Many elderly patients have arthritis, other orthopedic 
issues or prior stroke and it is not uncommon that elderly 
patients have limited use of one of their upper extremities. In 
such cases, it is usually wise to implant the new pacemaker 
or ICD on the side with the limitation, as implantation on 
the contra-lateral side could significantly disable the patient 
(at times with loss of independence) during the early post-
operative period. At this time, their mobility on the side of 
the pacemaker or ICD will be limited by both pain as well as 
the restriction in range of motion prescribed to reduce the 
risk of lead dislodgement. Perhaps the only exception to this 
rule would be a patient who is actively undergoing rehabili-
tation of an upper extremity with the hope of significant 
recovery of function. In such a case, the implantation of a 
pulse generator could impede their progress.

The next issue with cardiac rhythm device implantation is 
the selection of the optimal tissue plane for the pulse- 
generator, either sub-cutaneous or sub-pectoral. In general, 
sub-cutaneous implantation is preferred as it is simpler, causes 
less pain during the implant procedure and is associated with 

a lower risk of late complications such as generator migration 
and generator compromise/header separation [49]. However, 
many elderly patients may be quite thin, without sufficient 
sub-cutaneous tissue to avoid generator erosion and associ-
ated infection (Fig. 35.1). In the PASE trial, which compared 
single versus dual-chamber pacing among elderly patients, 
skin erosion and pocket infection occurred in 1% of patients. 
If there is any concern about potential of skin erosion, it is 
generally preferable to implant the pulse generator in the sub-
pectoral position. The risk of generator/header damage in the 
sub-pectoral position is probably lower in elderly patients as 
they have substantial less force exerted on the generator by 
their pectoral muscles than in younger, more robust patients. 
Also, accessing the sub-pectoral plane in elderly patients is 
often easier than in younger patients as there is much less 
muscle mass to traverse. Finally, if the generator is placed in 
the sub-pectoral position, care should be taken to suture the 
header to the fascia as generator migration is otherwise com-
mon in this plane.

Another option to facilitate successful placement of a 
pulse generator in a thin elderly patient is to implant a smaller 
device. Most pacemaker manufacturers do make smaller 
sized pacemakers by limiting the size (and hence longevity) 
of the battery. However, in elderly patients, limitation in bat-
tery life may not be a major concern, particularly if the 
patient is very old, has a limited life-expectancy or is pre-
dicted to require very little pacing during follow-up. Even 
with the devices of the 1980s and 1990s, up to 50% of 
implanted pacemakers would “out-live” the patients in whom 
they were implanted [50]. Thus, the rationale use of small-
volume, “short-life” pacemakers in properly selected, thin 
elderly patients is a reasonable strategy.

The next consideration for cardiac rhythm device implant 
is venous access. There is a higher rate of pneumothorax in 
elderly patients (Table 35.2), particularly those who are small, 
have chronic lung disease or are agitated/confused at the time 
of implantation. Pneumothorax (Fig. 35.2) was the second 
most common complication among the elderly patients in the 

Table 35.2 Implant complication rates by age group. Previously 
unpublished data from the meta-analysis of clinical trials of pacing 
mode [1]

Complication
Age <75 years 
(n = 1,790) (%)

Age ³75 years 
(n = 3,024) (%) p value

Pneumothorax 0.8 1.6 0.07
Hematoma 0.2 0.2 0.97
Lead dislodgment 0.9 1.7 0.11
Loss of capture 0.2 0.5 0.08
Pacemaker infection 0.7 0.9 0.52
Peri-operative death 0.7 0.5 0.55
Any implant 

complicationa

3.4 5.1 0.006

a May be more than one per patient

Table 35.3 Late issues following pacemaker implantation based on 
age: previously unpublished data from the meta-analysis of clinical trials 
of pacing mode [1]

Complication
Age <75 years  
(n = 1,790) (%)

Age ³75 years  
(n = 3,024) (%) p value

Lead fracture 3.6 2.7 0.08
Need for generator  

replacement
3.7 2.2 0.008

Fig. 35.1 Example of skin erosion in a patient with pacemaker
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PASE trial, occurring in 2% of patients [11]. Risk factors 
included age over 75 (p = 0.01) and lower body mass indices 
(p = 0.04). Females also exhibited a trend toward an increased 
risk of pneumothorax (p = 0.07). Although it was seen only in 
cases of sub-clavian venous access, there was no significant 
difference between sub-clavian and cephalic approaches (chi-
square, p = 0.21); however, this was likely an issue of low sta-
tistical power, as relatively few implants were done via the 
cephalic vein [11]. Multivariate analysis showed older age to 
be the main risk factor (p = 0.04) [7]. Notwithstanding the 
results of PASE [11], many implanters attempt to minimize 
the risk of pneumothorax by implanting leads via the cephalic 
vein or via the axillary vein, with or without the use of ultra-
sound or micro-puncture techniques to facilitate safe place-
ment. However, in elderly patients it is not infrequent that the 
cephalic vein may be too small to accept a lead or is 
thrombosed.

Once the venous system is accessed, the state of the sub-
clavian, inominate vein and superior vena cava must be 
assessed. In elderly patients, these vessels (particularly the 
former two) often have a serpiginous course, which is felt to 
be the result of folding of these vessels in response to loss of 
vertebral height with advancing age. This may result in chal-
lenges advancing a lead to the heart and maintaining torque 
control once there. Also, appreciation of this tortuosity is 

important as it may be quite dynamic and as the vessel 
“straightens” when the patient stands up, the amount of 
“redundant” lead in the vessel may decrease significantly, 
even to the point of causing lead dislodgement.

Another challenge with venous access is the issue of 
venous obstruction in patients with existing cardiac rhythm 
devices who require lead replacement or system up-grade 
(Fig. 35.3a, b). These patients are often elderly as they would 
have survived long-enough after their initial implant to have 
depleted their battery or suffered lead fracture. In such cases, 
lead extraction or venoplasty (Fig. 35.4) can be used to over-
come the obstruction; however, in the frail elderly, one must 
appreciate that there may be an increased risk of complica-
tions with these more aggressive interventions [51]. Thus, in 

Fig. 35.2 Chest X-ray showing large left pneumothorax post pace-
maker insertion

Fig. 35.3 (a, b) Right sub-clavian vein and left sub-clavian vein-SVC 
junction occlusion in same patient
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certain cases, it may be preferable to insert a new device on 
the contra-lateral side if this is feasible.

Lead perforation is another complication which may be 
more common in elderly patients. Although uncommon, lead 
perforation is an important and potential fatal complication 
(Fig. 35.5) and may be more frequent in the elderly due to a 
thin-walled right ventricle. In the PASE trial, 1% of elderly 
patients experienced lead perforation [11]. In a large cohort 
series, the risk factors for perforation included older age, 
presence of a temporary trans-venous pacemaker, body mass 
index <20 kg/m2, recent right ventricular infarction, use of an 
active-fixation lead, steroid therapy and longer fluoroscopy 

time (probably indicative of the need to repeatedly deploy the 
helix in an attempt to find a good pacing site) [52]. Right 
ventricular systolic pressure >35 mmHg was protective. In 
elderly patients with additional risk factors for perforation, 
the use of passive fixation leads or the placement of active-
fixation leads in a septal position may help mitigate this risk.

Implantable Cardioverter Defibrillators  
in Elderly Patients

There is now robust clinical trial evidence that implantable 
cardioverter defibrillators prolong life in patients with a his-
tory of sustained ventricular arrhythmias or with severe left 
ventricular dysfunction [3, 13, 53]. However, these devices 
are expensive [54] and are associated with important peri-
operative and long-term complications and inconvenience 
[55, 56]. Furthermore, with the exception of cardiac resyn-
chronization devices [4], they do not improve quality of life. 
For these reasons, many have questioned the value of these 
devices, particularly for primary prevention, among elderly 
individuals.

This debate centers on several key issues: (1) Do elderly 
patients derive the same benefit from an ICD as younger 
patients? (2) Are elderly patients at increased risk of dying 
from non-arrhythmic causes? (3) Is quality of life the same 
among elderly recipients as younger patients and are the 
complications and inconveniences of ICD therapy more sig-
nificant among elderly patients? (4) Do elderly view the 
potential risk of sudden death differently than younger 
patients?

In interpreting studies of the ICD in “elderly” patients, it 
is important to note the differences in age used to define 
“elderly” as there is no standard, and various reports have 

Fig. 35.4 Successful relief of obstruction with venoplasty

Fig. 35.5 Lead perforation
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used anything from 65 to 80 years [14, 57]. The lower the 
cut-off used, the more likely the “elderly” patient group will 
be similar to the younger group and to the overall results of 
the study. Conversely, a very high cut-off will certainly define 
a unique group of patients; however, the number of patients 
studied in such a group is likely to be small, limiting any 
inferences.

In patients with a history of ventricular tachycardia or car-
diac arrest, the three main clinical trials, AVID, CIDS and 
CASH, demonstrate a 30% reduction in all-cause mortality, 
which is driven by a 50% reduction is arrhythmic death [53]. 
Among these three trials, there were 252 patients ³75 years 
old [57]. This represents only 13% of patients enrolled in 
these three trials. Compared to younger patients, those ³75 
years old were twice as likely to die of both non-arrhythmic 
death (8.74% per year vs. 3.96% per year, p = 0.001) and 
arrhythmic death (6.73% per year vs. 3.84% per year, 
p = 0.03) [57]. Their excess in non-arrhythmic death was due 
to both an increase in heart failure death and non-cardiac 
death [57]. When one looks at the benefit of ICD therapy by 
age group, although there is no significant statistical interac-
tion between age <75 and ³75 years (suggesting a similar 
treatment benefit in both groups), it is provocative that, 
among patients ³75 years, there is no observed reduction in 
all-cause mortality (HR = 1.06, 95% CI: 0.69–1.64, p = 0.79) 
or even arrhythmic mortality (HR = 0.90, 95% CI: 0.42–1.95, 
p = 0.79) with ICD therapy.

The data from these three trials do not suggest that ICD 
therapy should be withheld from patients based on age alone; 
however, they do suggest that physicians should carefully 
consider a patient’s overall prognosis and specifically the 
risk of non-arrhythmic death before recommending an ICD. 
It is well known that the ratio of arrhythmic to all-cause mor-
tality decreases with age from 0.51 at age 50 to 0.26 after age 
80 [58]; thus, as the ICD is only effective against arrhythmic 
mortality, the likelihood of an ICD reducing all-cause mor-
tality is lower among elderly patients. The implication is 
that, in some elderly patients who have survived a cardiac 
arrest, co-morbidities may make the risk of non-arrhythmic 
death so high that withholding ICD therapy could be justified 
on the basis that it is unlikely to offer the patient a meaning-
ful likelihood of improved survival.

Data on the use of the ICD for primary prevention among 
elderly patients paint a slightly different picture [14]. In the 
MADIT-II trial, there were 204 patients ³75 years old, and 
those randomized to receive an ICD experienced a 46% reduc-
tion in the relative risk of all-cause mortality [14]. Conversely, 
data from the SCD-HeFT [13] and COMPANION [2] trials 
do not show a clear reduction in all-cause mortality among 
the small numbers of patients ³65 years old. How does one 
reconcile the seemingly disparate results of all these analy-
ses? First, it should be appreciated that the total number of 
elderly patients included in these secondary  analyses is small, 

and thus statistical play of chance could explain many of the 
differences. However, it is quite plausible that it is differences 
in the patient populations studied that account for this hetero-
geneity of outcome differences and that understanding the 
differences in populations can lead the clinician to an under-
standing of how to use the data.

The COMPANION and SCD-HeFT trials were trials of 
patients with advanced heart failure symptoms, thus patients 
at high risk of both arrhythmic but, more importantly, heart 
failure mortality. Thus, it is not surprising that elderly patients 
in heart failure trials may not have derived as much benefit 
from the ICD as they were likely to die of heart failure, rela-
tively soon after enrolment. In contrast, 71% of patients in 
MADIT-II had NYHA class I or II [3] and were, therefore, at 
lower risk of non-arrhythmic, heart failure death. Also, as 
MADIT-II was a primary prevention trial, it is highly likely 
that elderly patients recruited for this study were selected 
from the healthier, more active patients in the practices of 
participating physicians and are not representative of the 
general population of elderly patients with severe left-ven-
tricular dysfunction. This is in contrast to the secondary pre-
vention trials [57] where patients were in-hospital survivors 
of cardiac arrest or sustained ventricular arrhythmias, thus 
less likely to have undergone the same degree of selection as 
for primary prevention, where recruitment is generally in the 
outpatient setting.

Taken together, these data suggest that properly selected 
elderly patients may derive similar relative benefits from the 
ICD as younger patients. Results from observational regis-
tries suggest that this is this case [59–61]. However, care 
should be taken not to overstate the benefits of the ICD 
among elderly patients with severe co-morbidities and lim-
ited prognosis. Although there is a tendency among the 
elderly not to recommend the ICD for primary prevention 
but to always consider for secondary prevention, the data 
would suggest a different approach: that in carefully selected 
elderly patients, the ICD may be useful in primary preven-
tion but, in poorly selected secondary prevention patients, 
the ICD may be of no benefit. Thus, the medical history and 
functional status of patients should dictate the appropriate 
place for ICD therapy, not simply the age of the patient.

Finally, although ICD therapy may prolong life in appro-
priately selected elderly patients, one must also consider the 
quality of that patient’s life and their preferences with respect 
to therapy. Elderly patients are often afflicted by conditions 
that may be painful, limit their mobility and social interac-
tion and overall quality of life. Thus, even if ICD therapy can 
prolong life, the reduction in quality of life results in ICD 
therapy not being cost-effective [54]. As such, society would 
deem this to be inappropriate use of scarce health-care 
resources. Still, more importantly, the patient in question 
may also feel that ICD therapy is undesired. Depending on 
their quality of life, elderly patients may be more likely to 
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decline appropriately indicated ICD therapy as they may 
 perceive a sudden, arrhythmic death to be preferable to a 
non-sudden death, or even continued life with  significant 
pain or disability. Their views on death will also be heavily 
influenced by issues such as lack of dependents, loss of 
spouse, diminished social network and the need for institu-
tional care.

Appropriate Programming of Pacemakers 
and Defibrillators in Elderly Patients

Differences in the physiology and habits of elderly individu-
als require a tailored approach to the appropriate selection 
and programming of pacemakers and implantable defibrilla-
tors. The key issues are reduced activity levels, lower peak 
sinus heart rate, higher prevalence of sinus node and atrio-
ventricular node dysfunction and higher incidence of atrial 
arrhythmias such as atrial fibrillation [62].

A patient’s anticipated peak heart rate is inversely corre-
lated with advancing age, approximated by the formula: 220 
beats/minute minus their age in years. Accordingly, elderly 
patients will require programming of lower upper-tracking 
rates (for dual-chamber devices) and upper sensor rates (for 
those with the rate response function activated). Although 
there is clearly variability between individual elderly patients, 
an upper tracking rate of 110–120 beats/minute is reasonable 
for most. The issue of rate-response sensor activation is also 
age specific. As the majority of current devices use acceler-
ometer-based sensors for their rate-response function, 
patients must be active to cause the pacemaker to accelerate. 
However, activity levels among elderly patients are often 
quite reduced, particularly in those requiring institutional 
care. Such patients would not generally have any modulation 
of pacing rate due to lack of activity. Even if these sensors 
did produce a modulation of heart rate, the benefits associ-
ated with this rate-response are not all that clear. In an obser-
vational, secondary analysis of the CTOPP trial, although the 
use of rate-response sensor did result in a significant, albeit 
very small 2–3 beat/minute increase in heart rate while per-
forming a 6-min hall walk test, this did not translate into an 
increased in the distance walked [63].

Even more striking are the results from the UK-PACE 
trial, which enrolled patients with a mean age of 80 years 
(and restricted enrolment to those over 70 years) [12]. These 
trial randomized patients between dual-chamber pacing, 
single-chamber/rate-adaptive pacing and fixed-rate single 
chamber pacing and found no differences between the three 
groups with respect to mortality and the majority of clinical 
outcomes studied. However, UK-PACE did suggest a trend 
toward an early increase in atrial fibrillation with dual-
chamber pacing and a trend towards an increased risk 

stroke/thrombo-embolism/TIA among patients assigned to 
fixed-rate ventricular pacing [12]. The discordance of these 
secondary outcomes may simply reflect the statistical play 
of chance, and the totality of the results from UK-PACE 
suggest no clear benefit in important clinical events with the 
use of more complex pacing systems in elderly patients. 
Thus, the selection of the appropriate mode should be based 
on patient-specific factors such as the presence of normal 
sinus rhythm, activity levels and other factors.

For the programming of both ICDs and pacemakers, it is 
important to understand that the risk of atrial fibrillation 
increases with age and may exceed 10% in patients over the 
age of 80 years [62]. For this reason, particular care must be 
taken to program on mode-switching, to avoid inappropriate 
tracking of atrial tachy-arrhythmias and, in the case of ICDs, 
the use of SVT-discrimination algorithms to avoid inappro-
priate shocks.

Conclusions

The use of pacemakers, implantable-cardioverter defibrilla-
tors and cardiac resynchronization devices can now offer 
patients improvement in their survival and/or quality of life. 
Elderly patients make up a growing proportion of patients 
receiving these devices, including the majority of patients 
receiving pacemakers. Proper selection of patients, devices, 
surgical technique and device programming can result in 
excellent patient outcomes with these devices, even among 
the very old.
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Abstract Heart failure is a major source of morbidity and 
mortality in the population 65 and older. While medications 
offer benefit, many patients progress to end-stage heart fail-
ure. Heart transplantation and mechanical assistance offer 
the hope of improved quality and length of life in patients 
with end-stage heart failure.

Keywords Heart failure • Heart transplantation • Ventricular 
assist device

Introduction

Heart failure is a syndrome caused by an impairment of ven-
tricular filling or ejection and is characterized by breathless-
ness, loss of energy, and fluid retention [1]. It affects five 
million Americans and poses a tremendous public health cri-
sis which is becoming more apparent as the baby boomer 
generation ages. Heart failure is the most frequently utilized 
Medicare diagnosis- related group (DRG), and yearly costs 
for caring for patients afflicted with heart failure are conser-
vatively estimated to amount up to 39 billion dollars [2]. 
Coronary artery disease, hypertension, obesity, and diabetes 
are common predisposing factors [2]. The life time risk of 
developing heart failure is one in five for individuals over the 
age of 40 [2]. Without a history of myocardial infarction, the 
lifetime risk is one in nine for males and one and six for 
females [2]. Seventy-five percent of patients with heart fail-
ure have a history of hypertension. The incidence of heart 
failure in the population aged 65 and older approaches 10 per 
1,000 [2]. Despite improvements in medical therapy, heart 
failure remains a highly lethal condition with an overall 1 year 
mortality of 20% [2]. The 30 day, 1 year, and 5 year mor-
tality rates after a hospital admission for heart failure are 

10.4, 22, and 42.3%, respectively [2]. In 2006, heart failure 
was listed as the cause of death in 282, 754 individuals and 
was mentioned on one in eight death certificates [2].

Heart Failure is commonly classified by the New York 
Heart Association (NYHA) classification or American Heart 
Association (AHA) classification. Like many diseases heart 
failure exists as a spectrum of severity. The worst stages of 
heart failure (NYHA IIIb or IV or Stage D) account for 
nearly 10% of patients that carry the diagnosis. Individuals 
with Stage D heart failure have extremely limited survival 
and extremely poor quality of life.

Appropriate medial therapy is the cornerstone of treat-
ment for heart failure. Medications like Angiotensin convert-
ing enzyme inhibitors (ACEI) and Beta Blockers have been 
shown to decrease morbidity and mortality in patients with 
heart failure [3–5]. Cardiac resynchronization has also been 
shown to enhance survival in individuals with heart failure 
[6]. However, heart failure is a progressive disease in many 
patients. Often individuals with heart failure progress to 
intolerance of ACE inhibitors or Beta Blockers or become 
“nonresponders” to therapies like biventricular pacing. 
Mortality is particularly high in this group of patients [7]. 
It was once thought that either intermittent or continuous infu-
sion of inotropic drugs like milrinone or dobutamine would 
benefit the population with stage D heart failure. While 
patients may feel better on inotropes, survival is worsened. 
In a series of 36 patients who were referred for transplanta-
tion but subsequently turned down, Hershberger demon-
strated a median survival of 3.4 months and 1-year survival 
of 6% in patients supported with inotropes [8]. Gorodeski 
reported the outcomes of 112 patients who were supported 
on milrinone or dobutamine. At 130 days of follow-up 85 
(76%) patients had died; of those surviving, 7 (6%) received 
VADS and 12 (11%) underwent heart transplant [9].

While conventional cardiac surgery like coronary bypass 
or aortic valve replacement can benefit certain patient with 
heart failure, many with advanced heart failure do not have 
lesions which are repairable and have hearts which have pro-
gressed to the point of no return. In such individuals, heart 
transplantation and/or mechanical assistance are the only 
therapies that can improve both the length and quality of life. 
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In this chapter, we will examine the indications, results, and 
overall status of heart transplantation and mechanical assis-
tance both as a bridge to transplant and stand alone therapy 
for the elderly patient with advanced heart failure.

Heart Transplantation

Heart transplantation is the gold standard surgical therapy 
for patients with Stage D heart failure. In the modern era, 
1-year survival approaches 90%, and of those patients living 
a year, half are alive at 13 years [10]. However, transplanta-
tion remains a donor limited therapy. Approximately 2,300 
transplants are performed each year in North America, with 
around 4,000 being performed worldwide [10]. These totals 
fall far short in terms of making a meaningful epidemiologic 
impact in the overall treatment of stage D heart failure.

To fully understand the option of transplantation for any 
particular patient with advanced heart failure, it is first neces-
sary to have some understanding of the process of listing, 
and the matching algorithm used to place donor hearts with 
potential recipients on the waiting list.

Screening for absolute and relative contraindications is done 
in all potential heart transplant recipients, but is of particular 
importance in the older patient referred for transplant as comor-
bidities are common. A list of commonly referenced contrain-
dications can be found in Table 36.1. Judgment must be 
exercised in assessing the impact of a particular comorbidity in 
terms of the impact it will have on posttransplant morbidity and 
mortality. Listing decisions are typically made by a multidisci-
plinary team of physicians, surgeons, nurses, social workers, and 
psychologists and must be made on an individual patient basis.

Currently four wait list status levels exist for heart trans-
plantation (www.unos.org). Requirements for listing at a par-
ticular status can be found in Table 36.2. In general, listing 
status is determined by the severity of heart failure at presenta-
tion. Status 2 patients have advanced heart failure but typically 
have preserved cardiac output and hemodynamics and can be 
maintained as outpatients. Measurement of peak oxygen con-
sumption (V02) is commonly utilized to identify these patients. 
A VO2 max of £14 mL/kg/min was shown by Mancini and 
colleagues to have a 1-year survival of 70% at 1 year in poten-
tial transplant candidates, and is typically the value viewed as 
the cutoff value for listing the ambulatory heart failure patient 
for transplant. Right heart catheterization typically demon-
strates preserved cardiac output in the ambulatory population.

Traditionally patients with a depressed cardiac index 
(<2.2 L/min/m2) qualify for intravenous inotropes and fulfill 
the requirements for status 1b if only one agent is utilized in 
a moderate dose. The presence of a ventricular assist device 
(VAD) also qualifies the patient as being at least a status 1b. 
Status 1a is the most critical patient designation of the heart 
transplant waiting list. Historically, 1a patients have required 

one high dose or two moderate level inotropes to maintain 
hemodynamics. The presence of an intraaortic balloon pump 
(IABP) also qualifies a patient as 1a. Individuals that have in 
place a VAD also qualify for 30 days of 1a time, which can be 
arbitrarily assigned. When these 30 days elapse the patient 
reverts back to 1b unless a VAD related complication occurs.

Some patients may initially be listed as status two and 
progress to 1b and subsequently 1a if they are not trans-
planted at an earlier status. Other patients may present in car-
diogenic shock initially and be listed up front as a 1a. Status 
7 patients are not entered into match runs and as such are 
considered an inactive status.

Table 36.1 Contraindications to cardiac transplantation

General contraindications
Presence of any noncardiac condition that would itself shorten life 

expectancy or increase the risk of death from rejection or 
complications of immunosuppression

Specific contraindicationa

Old age (> about 65 years) (program variability)
Active infection
Active peptic ulcer disease
Severe diabetes mellitus with end organ damage
Severe peripheral vascular or cerebrovascular disease
Coexisting active neoplasm
Morbid obesity (>140% predicted ideal body weight)
Creatinine clearance <40–45 mL/min, ERPF < 200 mL/minb

Bilirubin >2.5 mg/dL(when not due to reversible hepatic conges-
tion), transaminases >2× normalc

Severe pulmonary dysfunctionwith FVC and FEV
1
 < about 40% of 

predicted , especially with predicted lung disease
Pulmonary artery systolic pressure >60 mm Hg, and/or pulmonary 

vascular resistance >5 Wood unitsd

Acute pulmonary thromboembolism
Active diverticulitis
History of smoking within last 6 months
High risk of life-threatening noncompliance

Inability to make strong commitment to transplantation
Cognitive impairment severe enough to limit comprehension of 

medical regimen
Psychiatric instability severe enough to jeopardize incentive for 

adherence to medical regimen
History of recurring alcohol or drug abuse
Failure of established stable addressor telephone number
Previous demonstration of repeated noncompliance with medica-

tion or follow-up
Lack of independent family or social support system
History of marked depression or emotional instability

Source: Reprinted with permission from Kirklin et al. [35]. Copyright 
Elsevier (2002)

ERPF effective renal plasma flow
a May be relative or absolute, depending on severity or program 
philosophy
b May be suitable for cardiac transplantation if inotropic support and 
hemodynamic management produce a creatinine <2 mg/dL and creati-
nine clearance >50 mL/min. Transplantation may also be advisable as 
combined heart-kidney transplant
c Requires lives biopsy to exclude cirrhosis or other intrinsic liver disease
d These apply only if the increased resistance is largely nonreactive 
(fixed). See text for details
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Several factors must be taken into consideration when 
contemplating transplantation in an individual over 65 years 
of age. Some regions or programs have age restrictions and 
do not consider individuals older than 65 as being appropri-
ate transplant candidates. Several series have looked at the 
outcomes of heart transplant patients over the age of 65. In 
general results are good but long-term outcomes typically 
fall short of the younger patients.

Marelli and colleagues recently reported the outcome of 
182 patients, aged 62–75 who underwent transplantation at 
the University of California- Los Angeles from 1995 to 2001 
[11]. Follow-up at 100 months demonstrated 55% survival 
for the elderly cohort and 63% for controls (P = 0.051) [11]. 
Freedom from malignancy was 68% for the elderly and 95% 
for the younger cohort. Freedom from dialysis was 81% for 
the elderly and 87% for control [11]. The authors argued that 
while overall mortality was acceptable for elderly patients, 
complications of immunosuppression are more of a problem 
for older patients. As such they argue that long-term mechan-
ical circulatory support should be considered as an adjunct to 
heart transplantation in this population.

Another recent large series from the Netherlands by Tjang 
et al. looked at a group of 1,262 recipients who underwent 
transplantation from 1989 to 2004 [12]. Outcomes of recipi-
ents age 55 and older were compared to those of patients 
younger than 55. One and fifteen year survival was 84 and 
50% for patients less than 55, and 73 and 35% for patients 55 
and older. Cardiac allograft vasculopathy, rejection and infec-
tion were the leading cause of late mortality in the younger 
cohort while for malignancies, rejection and infection were 
the leading cause of late mortality in patients 55 and older. 

The authors conclude that heart transplantation should be 
undertaken with caution in patients older than 55 [12].

Other groups come to different conclusions when studying 
transplant in older patients. Blanche and colleagues demon-
strated 1 and 4-year survival rates of 93 and 74% in a group of 
15 patients 70 years and older transplanted from 1994 to 1999 
[13]. Short and intermediate term survival was comparable with 
a younger cohort of patients and the authors concluded that age 
alone should not be considered as an exclusion for heart trans-
plant. Demers and colleagues from Stanford compared the out-
come of 81 patients between age 60–70 with 403 adults less 
than 60 [14]. Overall survival out to 10 years was not statisti-
cally different. Potentially due to a less active immune system, 
the older cohort suffered fewer rejection episodes (P = 0.003) 
but had a higher incidence of malignancy (P = 0.002) [14].

The “alternate list” strategy has been evoked to deal with 
potential ethical considerations that arise when transplanta-
tion is offered to nonstandard recipients such as the elderly. 
It is an approach taken by some centers where extended cri-
teria donor hearts are matched with recipients with less than 
ideal characteristics. The goal of the alternate list strategy is 
to expand the donor pool and offer life saving hearts to more 
patients with end-stage heart failure. Several groups have 
reported excellent results using this strategy. Laks and col-
leagues from UCLA compared the outcomes of 22 patients 
(age 47–71; mean 67 years) transplanted off the alternate list 
from 1991 to 1996 with 266 patients transplanted from the 
standard list [15]. Early mortality and actuarial survival was 
not statistically different for the two groups.

Felker and colleagues reported the outcomes of 50 patients 
transplanted from the alternate list and compared them to 
195 patients from the standard list [16]. Age >65 (N = 28) 
was the most common reason for alternate listing in this study. 
Two year survival was 70% for the alternate list patients as 
compared to 88% for the standard list recipients (P = 0.02). 
The authors concluded that alternate listing achieved out-
comes much better than standard medical therapy.

Chen and colleagues form Columbia looked at 90 day 
mortality in a group of patients transplanted off the alternate 
list from 2001 to 2004 [17]. 37 pts (14%) of transplants dur-
ing this time were from the alternate list which included 
patients older than 65 as well as patients with HIV, periph-
eral vascular disease, amyloidosis as well as severe diabetes. 
Overall survival for both groups was the same, but the alter-
nate list patients had longer ventilator times and suffered 
more sternal wound infections.

There has been an understandable push to prioritize hearts 
for the sickest patients. The United Network of Organ Sharing 
(UNOS) implemented an allocation policy change (APC) in 
2006 which has had a significant effect on the chance of lower 
status patients receiving an organ. The essence of the APC is 
that hearts are offered to all status 1 patients within a 500 
mile radius of the donor in question prior to being offered to 
status 2 patients. As such, in most regions, status 2 patients 

Table 36.2 Heart transplant recipient status

Source: Sellke et al. [36]. Reprinted with permission from Elsevier
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are infrequently transplanted unless they are very small or 
have blood type AB. This trend was recently studied in a 
series that looked at recipient listing status at the time of 
transplant 2 years prior to and 2 years after the APC [18]. 
After the 2006 APC the proportion of status 1A patients 
transplanted increased from 24 to 43% (P = 0.015) and the 
proportion of status 2 transplanted decreased from 56 to 24% 
(P = 0.001). Procurement costs, ischemic time (196–223 
P = 0.02), and percentage of patients with VADs (17–31% 
P = 0.036) all increased [18]. Waitlist mortality stayed the 
same (6–5% P = 0.75) [18].

The trend towards a higher percentage of VAD usage as a 
bridge to transplant has primarily been driven by the improved 
outcomes demonstrated by newer generation devices. 
Continuous-flow pumps have proven to be less morbid to 
implant and more durable than the previous generation of 
pulsatile VADs. The Heartmate II (Thoratec Corp. Pleasanton, 
CA) is a small implantable axial flow pump (Fig. 36.1). 
133 transplant eligible patients were implanted with the 
Heartmate II device in the United States Food and Drug 
Administration (FDA) pivotal bridge to transplant trial from 
March 2005 to May 2006 [19]. Principal outcome was deter-
mined at 180 days by the number of patients who had been 
transplanted, were currently listed awaiting transplant, or 
had been explanted for recovery. 100 (75%) patients achieved 
the principal outcome. 25 (19%) had died at 180 days. 
Complications included: bleeding requiring surgery (31%), 
right ventricular failure (17%), sepsis (20%), drive line 
infection (14%) renal failure (14%), ischemic stroke (6%), 
hemorrhagic stroke, (2%) and pump thrombosis (1.5%). The 
results of this trial lead to FDA approval of the Heartmate II 
for the indication of bridge to transplantation.

Pagani and colleagues reported the 18 month follow-up of 
281 patients enrolled in the pivotal and continuing access 
arm of the bridge to transplant Heartmate II trial (Fig. 36.2). 
At 18 month follow-up, 222(79%) patients had undergone 

transplant, device explant for recovery, or were currently 
being supported with the device [20]. Actuarial survival with 
VAD support was 72% at 18 months. Quality of life scores 
and NYHA functional class were significantly improved. 
Pump thrombosis occurred in four patients (1.4%).

There is clear evidence that earlier implantation of VADS 
leads to improved early outcomes. A number of groups are 
now advocating for VAD implantation not only for inotrope 
dependant patients, but also for patients who have become 
intolerant to ACEI or Beta blockers, and for those who 
require hospital admissions despite maximal medical therapy.

Because heart failure typically progresses and because 
fewer patients are being transplanted as a status 2, in most 
regions many patients first undergo VAD placement prior to 
transplantation. In the second report from the Interagency 
Registry for Mechanical Circulatory Support (INTERMACS), 
older age was shown to be a risk factor for mortality with a 
relative risk of 1.41 (P < 0.001) [21]. It should be noted that 
all of the devices implanted in adults in this report were first 
generation pulsatile pumps. In the most recent report from 
INTERMACS, the outcomes of 1,092 patients undergoing 
primary LVAD were reported (Fig. 36.3). 564 (51.6%) of the 
pumps implanted were the continuous-flow Heartmate II 
[22]. A hazard ratio (HR) was generated to describe the risk 
of VAD implantation for patients age 60–70. In the entire 
cohort, the HR for older age was 2.42 (P < 0.0001) in the 
postoperative period and was 1.55 (P < 0.0005) in the con-
stant phase. It is noteworthy that in the early phase, older age 
was a greater risk than cardiogenic shock, elevated right 
atrial pressure, and higher bilirubin [22]. In the 100 patients 
undergoing implantation of destination VADs, which at the 
time of the report were all Heartmate XVE devices, older age 

Fig. 36.1 Heartmate II (reprinted with permission of Thoratec 
Corporation)

Fig. 36.2 Heartmate II bridge to transplant survival. Outcomes for 281 
patients after implantation of the continuous-flow left ventricular assist 
device (VAD). Competing outcomes analysis of patients undergoing 
implantation of the continuous-flow left VAD for the first 18 months 
after device implantation (reprinted with permission from Pagani et al. 
[20], Copyright Elsevier 2009)



45736 Heart Transplantation and Mechanical Assistance in the Elderly

was the only risk factor with a HR of 2.76 [22]. The 
INTERMACS reports provide clear evidence that VAD 
implantation becomes more morbid as patients age. In addi-
tion, a VAD explant/transplant is also a bigger operation for 
the older patient to endure than just a transplant alone. 
Certainly treatment has to be individualized to the patient, 
but it could be argued that such older patients would be better 
served by keeping their VAD and foregoing the risk of the 
explant/transplant.

To summarize, transplantation remains a donor limited 
therapy. Even if the number of available hearts were tripled 
by such measures as increased donation and the use of 
extended criteria organs, the numbers would fall far short of 
the number of potential salvageable patients with stage D 
heart failure. While research in xenotransplantation offers 
hope, the clinical reality of large scale implantation of non-
human hearts to address the all too real epidemic of heart 
failure remains years away. Transplantation will continue to 
be a therapy for select individuals with advanced heart fail-
ure. Super selective criteria should be applied to potential 
recipients 65 and older. With the improvements in VADS, 
mechanical assistance will play an increasingly important 
role in this population not only as a bridge to transplant but 
also as permanent long-term therapy. As VADS continue to 
improve it is likely that the indication of long-term destina-
tion therapy will supplant that of bridge to transplantation in 
individuals 65 and older in the not too distant future.

Destination Therapy

Long-term mechanical assistance for patients who are not 
transplant candidates has been termed destination therapy. 
The vision of long-term mechanical assistance grew out of 

the initial dismal results encountered during the early 
experience of heart transplantation. The first VAD was 
placed in 1963 by Dr Michael DeBakey in a patient with 
postcardiotomy failure [23]. Dr. DeBakey was instrumental 
in establishing the NIH sponsored Artificial Heart Program. 
Modern VADs arose out of this initial work on complete 
heart replacement.

The determination of which patient is or is not a poten-
tial transplant candidate is potentially complex and is best 
made by a multidisciplinary team that factors in not only 
medical and surgical factors, but also psychological and 
social issues. The truly dismal results of medical therapy in 
Stage D patients together with limited applicability of heart 
transplantation led to the study of VADs as sole therapy in 
this population.

Rematch

The Randomized Evaluation of Mechanical Assistance for 
the Treatment of Congestive Heart Failure (REMATCH) was 
a prospective randomized multicenter trial that examined the 
outcomes of Stage D heart failure patients, ineligible for 
transplant, who received either optimal medical management 
or mechanical assistance with the first generation pulsatile 
Heartmate XVE [24]. In this study, 68 patients received a 
VAD while 61 were randomized to the optimal medical man-
agement arm. The average age of patients receiving a VAD 
was 66 ± 9 years. A 48% reduction in the rate of death for the 
group that received a VAD as well as improved quality of life 
was demonstrated (Fig. 36.4). The majority of patients not 

Fig. 36.3 Intermacs survival after VAD implantation by age (reprinted 
with permission from Holman et al. [21], Copyright Elsevier 2009)

Fig. 36.4 REMATCH trial patient survival Kaplan–Meier analysis of 
survival in the group that received left ventricular (LV) assist devices 
and the group that received optimal medical therapy. Crosses depict 
censored patients. Enrollment in the trial was terminated after 92 
patients had died; 95 deaths had occurred by the time of the final analy-
sis (reprinted with permission from Rose et al. [24]. Copyright © 2001 
Massachusetts Medical Society. All rights reserved)
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receiving the device died of heart failure, while sepsis (40%) 
and complications of device failure (17%) most commonly 
led to the demise of patients undergoing VAD implantation 
(Fig. 36.2). Higher rates of adverse events (relative risk 2.35) 
such as sepsis, bleeding, and device malfunction were seen 
in the VAD patients. The authors concluded that mechanical 
assistance was an acceptable therapy in patients not candi-
dates for heart transplant [24]. Based on the outcomes of 
REMATCH, the Heartmate XVE received FDA approval in 
2003 for long-term implantation and became the first VAD to 
receive approval for destination therapy.

Despite the results of REMATCH and FDA approval, 
adoption of destination therapy with the Heartmate XVE was 
slow and limited to only a few centers. The failure of destina-
tion therapy with the Heartmate XVE to catch on was largely 
due to the morbidity of the implant and the durability of the 
device, which begins to fail predictably after 18 months [25]. 
Widespread adoption of implantation of the mechanical 
assist devices in nontransplant patients would have to wait 
until of development of a less morbid more durable VAD.

Heartmate II Destination Trial

Shortly after it entered into trial in the bridge to transplant 
arena, the Heartmate II destination therapy trial was initiated 
(Fig. 36.5). In this prospective multicenter trial, 200 patients 

(median age 64) who were not transplant eligible were 
randomized in a two to one fashion (134 HMII: 66 Heartmate 
XVE) [26]. The leading reasons for transplant ineligibility 
were age >65, diabetes with end organ dysfunction, and 
chronic renal failure with a creatinine >2.5. The primary 
composite endpoint of the trial was 2-year survival with free-
dom from disabling stroke or device replacement [26]. 46% 
(62/134) of patients with the Heartmate II achieved this end-
point as opposed to 11% (7/66) of those with the Heartmate 
XVE (P < 0.001) [26]. 20 of 59 patients receiving the 
Heartmate XVE underwent 21 pump replacements. Twelve 
patients required replacement of the Heartmate II secondary 
to percutaneous lead fracture (10/13), pump thrombosis 
(2/13), and outlet elbow disconnection (1/13). As a result of 
this trial, the Heartmate II was approved for implantation as 
destination therapy in January, 2010.

An interesting caveat of the Heartmate II destination ther-
apy trial is the fact that in a trial of patients not eligible for 
transplantation, 26 patients (17 Heartmate II: 9 Heartmate 
XVE) were actually transplanted [26]. The authors state that 
this occurred as the contraindication to transplant resolved 
while on device support. While this is certainly true, it is 
likely that outcomes may have been positively impacted by 
the fact that over 10% of the patients in the study were ulti-
mately transplanted. When these patients were transplanted, 
they completed the trial and were not subject to developing 
pump related adverse events.

In many aspects, the notion of transplant eligibility and 
how it relates to mechanical assistance is somewhat artificial 
and is primarily a vehicle for insurance coverage and FDA 
approval. While the distinction of transplant ineligibility is 
obvious in some patients, it may be very murky in others. By 
definition, relative contraindications are open to interpreta-
tion and the aggressiveness and overriding philosophies of 
the physicians in terms of transplantation and VAD support 
is a tremendously important factor. Whatever the case, one 
cannot dispute that VADs have proven themselves to be 
effective in treating the vast majority of patients with Stage D 
heart failure.

Patient Selection for Destination Therapy

Not all patients with advanced heart failure are candidates 
for VAD therapy. Patient selection remains one of the most 
important aspects of a successful mechanical assistance pro-
gram. It must be remembered that currently approved pumps 
for destination therapy are available only in an LVAD configu-
ration. As such, the right ventricle functions to pump blood 
through the lungs to in effect fill the LVAD. VADs can only 
pump what they get and if the right ventricle fails, the LVAD 
will be unable to supply the body with adequate perfusion. 

Fig. 36.5 Outcomes of the heartmate II destination therapy trial. 
Kaplan–Meier estimates of survival from the as-treated analysis, 
according to treatment group. The data shown are for the 192 patients 
who received a left ventricular assist device (LVAD). Of the 59 patients 
who had a pulsatile-flow LVAD, 20 had the device replaced during the 
study period, with 18 (31%) receiving a continuous-flow LVAD instead 
of another pulsatile-flow LVAD. By 2 years, only two patients had a 
pulsatile-flow LVAD, both of whom had replacement devices (reprinted 
with permission from Slaughter et al. [26]. Copyright © 2009 
Massachusetts Medical Society. All rights reserved)
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The chronically elevated central venous pressure (CVP) that 
is the hallmark of right ventricular failure leads to renal and 
splanchnic congestion which in turn contributes to renal 
and hepatic dysfunction and fosters bacterial translocation 
from the gut. Multisystem organ failure (MSOF) often is the 
end result. Right ventricular failure complicates fifteen to 
twenty percent of all LVAD implantations and remains a 
significant source of morbidity and mortality.

Identifying patients preoperatively that are predisposed to 
RV failure is important if RV failure is to be avoided. Elevated 
right sided filling pressures with relatively low left side fill-
ing pressures are often found on right heart catheterization in 
the patient suffering predominantly of right sided heart fail-
ure. Typically, the left ventricle is small or only mildly 
dilated. With the current state of the art, these patients are at 
high risk for isolated LVAD implantation. Many patients 
with heart failure have end organ dysfunction that can be 
reversed once the cardiac output is restored with a VAD [27, 28]. 
However, once patients develop irreversible end organ failure 
and severe cachexia, VAD implantation is associated with 
near prohibitive morbidity and mortality [29, 30]. In addi-
tion, certain anatomic issues such as aortic insufficiency and 
intracardiac shunts must be surgically managed in order to 
achieve a successful implant.

Certification

To receive reimbursement for implantation of destination 
therapy, CMS now requires that a hospital achieves VAD cer-
tification of distinction as outlined by the Joint Commission. 
(http://www.jointcommission.org/CertificationPrograms/
LeftVentricularAssistDevice/).

In addition to providing evidence of having a track record 
of providing care for cardiac surgery patients, the center 
must have a cardiologist with some training in heart trans-
plantation and a surgeon who has performed 10 VAD 
implants in the last 36 months with a current implant in the 
last year. The program must also be part of a database that 
tracks outcomes of VAD patients, and must demonstrate the 
usual regulatory quality approval benchmarks required by all 
Joint Commission programs.

Conclusion

Heart Failure is a highly lethal condition that affects millions 
of Americans. The incidence of heart failure increases with 
age. Currently, the best therapy for end-stage heart failure 
is heart transplantation. Heart transplantation is limited by 
the availability of donor hearts. The survival after heart 

transplantation is diminished in patients older than 65, 
primarily by preexisting comorbidities and the risk of malig-
nancy. Many programs have age limitations and do not offer 
transplantation to individuals >65. While heart transplanta-
tion remains an option for select individuals >65, it is certainly 
not a widely applicable solution.

Results with mechanical assistance have improved using 
the new generation continuous-flow pumps. Such pumps are 
less morbid to implant and have increased durability when 
compared to earlier generation pulsatile devices. The currently 
FDA approved Heartmate II provides acceptable long-term 
outcomes both in terms of quality and length of life. However, 
there is much room for improvement. The field is in no way 
static and several devices are currently in trial that offer the 
promise of improved outcomes. The Jarvik 2000 flowmaker 
has been in trial for the bridge to transplant and destination 
therapy indications for some time and has supported a patient 
over 7 years [31]. The Heartware HVAD is a miniaturized 
centrifugal pump that is designed for intrapericardial implan-
tation which leads to less bleeding as it does not require 
construction of an abdominal wall pocket. It has recently 
completed a bridge to transplant trial and is projected to 
start a destination therapy trial in late 2010 [32]. The Terumo 
Duraheart is a fully magnetically levitated centrifugal pump 
that is currently the subject of a bridge to transplant trial 
and will ultimately enter trial as long-term therapy [33]. The 
Worldheart Levacor is another fully magnetically levitated 
pump that is scheduled to enter trial in the not too distant 
future [34].

Trials are exceedingly expensive, and the therapy is 
expensive to implement and maintain. Mechanical assistance 
is a costly therapy and requires a large specific infra-
structure at the hospital level to care for the patients in 
question. The profit margin for the hospitals involved is very 
tight, largely due to the cost of the pumps and accessory 
equipment. It remains to be seen what the overall volume of 
destination therapy implants will be. Given the state of health-
care finances, it is not yet clear whether mechanical assis-
tance as destination therapy will gain traction and be accepted 
into the mainstream. Certainly mechanical assistance has 
been proven to be a therapy that improves length and quality 
of life for patients with advanced heart failure.

We are grateful to Ms. Angela Green for her assistance in 
the preparation of this manuscript.
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Abstract For cardiac and thoracic surgeons, elderly patients 
with their unique physiology and social problems are becom-
ing an increasing proportion of their practice. Also, they are 
faced with a dwindling workforce and rapid changes in sur-
gical approaches and competing technologies. These chap-
ters make insightful observations and practical suggestions 
to guide the surgeon through delicate procedures on these 
fragile patients.

Keywords Cardiac surgery • Thoracic surgery • Minimally 
invasive surgery • Elderly

Cardiothoracic surgery in the elderly is a pain. It is a pain for 
our country to observe the meteoric rise in the elderly popu-
lation with all of its attendant implications. It is a pain to note 
that many of these individuals have accelerating rates of car-
diac and thoracic diseases. It is a pain trying to predict the 
appropriate size of the cardiothoracic surgical workforce 
which is diminishing due to attrition, early retirement, and 
sluggish applications of young physicians to undertake the 
long and arduous training required to become a competent 
practitioner of the art.

It is a pain to discuss deadly diseases with older patients 
who, despite their age, are stunned to realize they are facing 
their own mortality. It is a pain to prepare a patient and fam-
ily for a major surgical procedure, especially in relation to 
the significant chance of debilitating complications. It is a 
pain to break the news to the patient that there are more than 
just the two options of cure and death – that living a life of 

diminished capacity is a distinct possibility. It is a pain to 
realize that the better, or at least the more attractive, option 
may be performed percutaneously rather than with a knife.

Central to all cardiothoracic surgery is pain. Regardless of 
the size of our incisions, thoracic surgical pain is significant. 
Everyday, we work to minimize the body invasion and to 
minimize the effects on physiology and on the production of 
pain. For many reasons, the elderly do not deal well with 
pain. They have altered sensation and they tend to underre-
port their level of pain. Healthcare workers tend to underdose 
pain-relieving medicines or underutilize pain-relieving tech-
niques. Pain relief is essential in preventing complications, 
yet very few meaningful trials exist to direct us. We con-
stantly must adapt our methods to balance optimal pain relief 
and rehabilitation.

Each of the chapters in this section discusses these painful 
facts and other significant problems and potential solutions 
to a greater or lesser degree. Each brings insightful observa-
tions and practical suggestions to make our practice optimal 
based upon our current knowledge. Cardiothoracic surgery 
began in earnest after Sauerbruch’s negative pressure cham-
ber just over a century ago and evolved into a major disci-
pline with the invention of a safe cardiac bypass machine. 
Now, cardiothoracic surgery is evolving rapidly again as we 
work to make it safe and effective for the elderly. It is at once 
exciting, daunting, exhilarating, frustrating, and rewarding. 
Cardiothoracic surgery is a pain, but pain and reward are 
opposite sides of the same coin. With diligence, hard work, 
thoughtful clinical trials, and luck, it will flip soon.
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Abstract The United States population is aging and median 
life expectancy is increasing as well. Older age is one of the 
strongest predictors for heart disease and cancer that require 
cardiothoracic surgery. The traditional preoperative evalua-
tion has been unsuccessful in risk stratifying the older patient 
fit for elective surgery. This chapter is innovative, focusing 
on the preoperative assessment of the geriatric patient prior 
to cardiothoracic surgery, with a particular emphasis on 
novel assessment methods, incorporating elements of the 
comprehensive geriatric assessment, meant to identify geri-
atric syndromes and ways to potentially modulate the higher 
risks of surgery present for some patients.

Keywords Preoperative • Geriatric • Thoracic • Surgery

Introduction

The United States population is rapidly aging with Baby 
Boomers now reaching retirement age (see Fig. 38.1). 
Median life expectancy has increased dramatically in all 
industrialized countries and is still increasing. In the United 
States, the number of patients older than 65 years of age is 
predicted to increase by 13.3% by 2010 and by 53.2% by 
2020 [1].

Older age is one of the strongest predictors for heart dis-
ease and cancer that require cardiothoracic surgery [2]. In 
addition, aging is associated with loss of pulmonary and/or 
cardiac functional capacity coupled with increased likeli-
hood of competing comorbidities and functional impairment 
that may lead to increased risk of cardiothoracic surgical 

complications [3]. Interestingly, to illustrate the variability in 
treatment recommendations for the older patient, a reluc-
tance to recommend a surgical intervention for the older can-
cer patient is often unrelated to impaired functional status 
and comorbidities and more likely associated with age [4]. 
However, evidence suggests that many older patients may 
benefit from standard treatment and should not be denied 
optimal treatment based on chronological age alone [3, 5].

The traditional preoperative evaluation has been unsuc-
cessful in risk stratifying the older patient fit for elective sur-
gery, and also in strategically planning for preoperative risk 
reduction, rehabilitation or informing the patient of antici-
pated outcomes of surgery. In this regard, a more robust tool 
that incorporates modified elements of the comprehensive 
geriatric assessment (CGA) to better assess preoperative risk 
and predict clinical outcomes would be useful to individual-
ize management.

This chapter will outline the preoperative assessment of 
the geriatric patient prior to cardiothoracic surgery, with a 
particular emphasis on novel assessment methods meant to 
identify geriatric syndromes and ways to potentially modu-
late the higher risks of surgery present for some patients.

Indications for Surgery in the Older Patient

Indications for common cardiothoracic surgeries in older 
adults include thoracic malignancies, coronary artery disease 
(CAD), and valvular disease.

Lung cancer is the leading cause of cancer death [6]. The 
average age at diagnosis is increasing as the population ages 
and the peak incidence in the United Kingdom is now 
between 75 and 79 years of age [7]. This is also the trend in 
the United States according to analysis of the Surveillance 
Epidemiology and End Results (SEER)-Medicare database 
from 2002 to 2006, the median age at diagnosis for lung can-
cer was 71 years of age [8]. Using the SEER-Medicare data-
base, Farjah et al. [9] hypothesized that the proportion of 
patients with stages I, II and IIIA nonsmall cell lung cancer 
(NSCLC) operated on over time would increase coinciding 
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with improved adherence to guidelines and better patient/
provider education. Unexpectedly, between 1992 and 2002, 
the use of resection for lung cancer decreased dramatically 
over time, and this decline was not fully accounted for by an 
older cohort with more comorbid conditions [9].

More than 800,000 patients undergo cardiac operations 
annually, with a growing number of procedures in octogenar-
ians [10, 11], with a 67% increase in cardiac surgical proce-
dures for this age group observed nationwide between 1987 
and 1990 [12]. This trend is observed in part due to the recent 
advances in myocardial preservation and perioperative man-
agement, which have permitted acceptable outcomes in the 
older patient, despite notably higher risk compared with 
younger counterparts [13, 14].

A national retrospective study of octogenarians under-
going cardiac surgery (predominantly coronary artery 
bypass grafting [CABG] with or without aortic valve 
replacement, and a smaller number of mitral valve proce-
dures) reported that although the risk of complications is 
notably higher in octogenarians compared with younger 

patients, the overall morbidity and mortality and resource 
utilization is acceptable to continue to offer thoracic sur-
geries to appropriate patients [15]. In this descriptive study, 
older patients appear to have longer lengths of hospital 
stays, need placement in a skilled nursing facility after hos-
pitalization, and have longer intensive care unit stays rela-
tive to younger patients.

Another study utilizing the 2004 National Surgical 
Inpatient Sample (NIS) database identified octogenarians 
who underwent CABG and reported outcomes and discharge 
status after the inpatient hospitalization. Only 21% of patients 
had a routine discharge to home; the remainder of the patients 
were transferred to another health care facility or received 
some form of professional home health care after discharge 
[16]. This study reinforces the need to inform the patient and 
family in the preoperative informed consent process of the 
real and likely possibility of additional care prior to discharge 
to home in order to facilitate the transition after acute hospi-
talization for older patients. It also suggests that the surgical 
team will need to focus closely on discharge planning for the 
older patient (see Fig. 38.2).

Fig. 38.1 The fit older adult (reprinted with permission from Shutterstock 
Images, LLC)

Fig. 38.2 Discharge planning is an important component of the preop-
erative informed consent process (reprinted with permission from 
Shutterstock Images, LLC)
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Traditional Preoperative Assessment Prior  
to Cardiothoracic Surgery

The traditional preoperative physiologic assessment for elec-
tive procedures should include a cardiovascular and pulmo-
nary evaluation, as well as an evaluation of the patient’s 
functional reserve.

Amongst older patients, the risk of perioperative morbid-
ity and mortality is highest amongst those who need emer-
gent surgery, a major surgical procedure, and have poor 
preoperative functional or nutritional status [17].

Pulmonary Risk and Evaluation

Thoracic surgery holds the highest risk of pulmonary com-
plications [18], which may include postoperative pneumo-
nia, respiratory failure, reactive airway disease, and 
exacerbation of an underlying lung condition, such as chronic 
obstructive pulmonary disease (COPD). Underlying cancer, 
subjective complaints of dyspnea, obesity, COPD, and 
asthma all increase the risk of postoperative pulmonary com-
plications [18, 19]. The more severe these conditions are, the 
higher the risk to the patient from surgery. Smoking also 
increases the surgical risk [19]. Several surgical factors also 
appear to increase the risk of pulmonary complications, 
including prolonged operative time, the need for general 
anesthesia, and the use of pancuronium [18].

The initial preoperative pulmonary evaluation includes a 
careful history and physical exam to identify medical comor-
bidities, the patient’s functional capacity, and the degree of 
limitation of activity. In the case of a lung cancer patient, a 
history of smoking and symptoms of COPD should be docu-
mented and explored. This may lead to an opportunity for 
preoperative intervention with the use of bronchodilators 
and/or steroids and smoking cessation counseling, which 
may lead to some degree of reversal of airway obstruction, 
decreased risk of postoperative pneumonia, and facilitate 
weaning from the ventilator postoperatively [20] (Fig. 38.3). 
In addition, this same population (due to the history of smok-
ing) is also at risk for atherosclerotic cardiovascular disease, 
which will further increase the perioperative risk.

Age has been considered a factor that might increase peri-
operative risks. For patients >70 years of age, the reported 
mortality rate is 4–7% for lobectomy and approximately 
14% for pneumonectomy [21, 22]. These mortality rates are 
higher than those for patients <70 years of age (lobectomy, 
1–4%; pneumonectomy, 5–9%) [23]. The difference has 
been largely attributed to increasing comorbidities in older 
patients. However, a systematic review [24] estimated the 
impact of age on postoperative pulmonary complications 

among studies that used multivariable analysis to adjust for 
age-related comorbidities. This review concluded that age 
>50 years was an important independent predictor of risk. 
When compared with patients <50-years old, patients aged 
50–59 years, 60–69 years, 70–70 years, and ³80 years had 
odds ratios (OR) of 1.50 (CI 1.31–1.71), 2.28 (CI 1.86–2.80), 
3.90 (CI 2.70–5.65), and 5.63 (CI 4.63–6.85), respectively. 
Based on this review, even healthy older patients carry a sub-
stantial risk of pulmonary complications after surgery. One 
should be cautious when interpreting these results because 
there was significant variability among the studies with 
respect to the cutoff ages used to define age strata. For exam-
ple, some studies reported only one age category stratifica-
tion, i.e., >65 years or older, and the authors arbitrarily 
grouped this within the category 60–69 years of age stratifi-
cation to facilitate analysis, and using sensitivity analysis it 
was demonstrated that this had little effects in the results.

Regarding the preoperative pulmonary-specific evalua-
tion, the first test to be performed should be a spirometry 
[23]. Spirometry is a simple, inexpensive, standardized, and 
readily available test. Spirometric indexes that have been 
extensively studied include forced expiratory volume in 1 s 
(FEV1), forced vital capacity (FVC), forced expiratory flow, 
midexpiratory phase (FEF

25–75%
), and maximum voluntary 

ventilation (MVV). FVC reflects lung volume, while FEV1 

Fig. 38.3 Incentive spirometry involves deep breathing facilitated by a 
simple mechanical device and has been shown to reduce postoperative 
pulmonary complications (reprinted with permission from Shutterstock 
Images, LLC)
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and FEF
25–75%

 reflect airflow. MVV represents respiratory 
muscle strength and correlates with postoperative morbidity. 
However, the FEV1, FEF

25–75%
, and MVV are very dependent 

on patient effort. Of all these indexes, FEV1 is regarded as 
being the best for predicting complications of lung resection 
in the initial assessment, and it is one of the most commonly 
used for decision making [25].

If diffuse parenchymal lung disease is identified on imag-
ing or if there is dyspnea on exertion that is clinically out of 
proportion to the FEV1, the diffusing capacity of the lung for 
carbon monoxide (DLCO) should also be measured. 
According to American College of Chest Physicians (ACCP) 
evidence-based clinical practice guidelines [23], in patients 
with either an FEV1 or DLCO <80% predicted, the predicted 
postoperative pulmonary reserve should be estimated by 
either the perfusion scan method for pneumonectomy or the 
anatomic method, based on counting the number of segments 
to be removed (for lobectomy). Datta et al. reported that an 
FEV1 and DLCO over 60% indicate a low surgical risk from 
lung cancer surgery [20]. An estimated postoperative FEV1 
or DLCO <40% predicted indicates an increased risk for 
perioperative complications, including death, from a stan-
dard lung cancer resection (such as lobectomy). In these 
cases, cardiopulmonary exercise testing (CPET) to measure 
maximal oxygen consumption (VO

2
max) should be per-

formed to further define the perioperative risk of surgery. 
A VO

2
max <15 mL/kg/min indicates an increased risk of 

perioperative complications, and these patients are probably 
best managed by nonsurgical modalities [20].

Cardiac Risk and Evaluation

Cardiovascular complications pose significant risks to older 
patients undergoing cardiothoracic surgeries [17]. The most 
common postoperative cardiac complications associated 
with surgery in the elderly patients include myocardial 
infarction and myocardial ischemia. The risk of these events 
is highest in patients with unstable cardiac conditions (such 
as recent myocardial infarction, decompensated heart fail-
ure, poorly controlled arrhythmias, and severe valvular dis-
ease) [17].

There are many tools that can be used for preoperative 
cardiac evaluation, and the importance of a detailed history 
of the patient’s symptoms, comorbidities, and exercise capac-
ity is essential for a more accurate preoperative risk assess-
ment. In particular, a history of previous CAD, angina, heart 
failure, aortic stenosis, severe hypertension, and peripheral 
arterial disease should be investigated.

Next an assessment of cardiac functional status can pro-
vide valuable prognostic information, since patients with 
good functional status are known to have a lower risk of 

complications [26] (see Fig. 38.4). A patient’s functional 
status is usually expressed in metabolic equivalents (METs). 
For the purpose of definition, 1 MET is defined as 3.5 mL O

2
 

uptake/kg per min, which is the resting oxygen uptake in a 
sitting position. Perioperative cardiac and long-term risk is 
increased in patients who are unable to meet a 4-MET 
demand during the most normal daily activities [27–29]. One 
important indicator of poor functional status and an increased 
risk of postoperative cardiopulmonary complications after 
major noncardiac surgery is the inability to climb two flights 
of stairs or walk four blocks. In a prospective evaluation of 
83 patients undergoing several types of surgeries (included 
31 lobectomies, 6 wedge resections, 3 pneumonectomies, 3 
substernal thymectomies, 1 substernal thyroidectomy, and 
other surgeries), postoperative complications occurred in 
25% of patients overall. No patient able to climb the maxi-
mum of seven flights of stairs had a postoperative complica-
tion. The inability to climb two flights of stairs was associated 
with a positive predictive value of 82% for the development 
of a postoperative complication [30].

Many anesthesiologists also assess patients utilizing the 
American Society of Anesthesiology (ASA) classification, 

Fig. 38.4 Assessment of cardiac functional status can provide valu-
able prognostic information (reprinted with permission from 
Shutterstock Images, LLC)
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and the risk of perioperative adverse events is highest among 
patients with ASA classification III or IV [17]. Lower levels 
of serum albumin and higher levels of total bilirubin have 
been associated with higher rates of morbidity and mortality 
following cardiac surgery [31].

There are also several different risk indices developed by 
Goldman [32], Detsky [33, 34], and Eagle [35], which can be 
used to estimate the risk of cardiac complications in patients 
undergoing noncardiac surgery. Based on an algorithmic 
approach, decision for further noninvasive testing (such as 
stress testing) and cardiac catheterization may affect the tim-
ing of surgery in selected patients.

Informed Consent and Capacity to Consent

Informed consent is an essential part of clinical care, espe-
cially in the older patient population. Meaningful informed 
consent requires that the patient understands the risks and 
benefits of a proposed intervention and then voluntarily gives 
authorization to proceed. This can be challenging to accom-
plish in the older patient population because of the interac-
tion between the complex medical problems, cognitive 
issues, and social barriers that may accompany the aging 
process (see Figs. 38.5 and 38.6).

It has been proposed by ACOVE-3 (Assessing Care of 
Vulnerable Elders) that documentation of the patient’s 
 capacity to understand the risks and benefits of the proposed 
procedure before the operative consent form is presented for 
signature should be a measure of quality of care [36].

There are few studies in the literature addressing informed 
consent in older patients. In a systematic review of the litera-
ture, older age and fewer years of education were associated 

with poorer understanding of informed consent information 
[37]. In a chart review involving hospitalized patients who had 
developed delirium, 19% of the charts did not have any docu-
mentation of consent, and 20% used surrogate consent [38].

It is evident that effective strategies to improve the under-
standing of the informed consent process should be further 
developed.

Geriatric Assessment

Evaluation of Geriatric Assessment Prior  
to Cardiothoracic Surgery

In primary care, geriatric assessments, such as the CGA, are 
widely used to evaluate the older patient, but there is no 
widely accepted tool for surgeons or medical oncologists 
[39]. Although these assessments are generally very thor-
ough and include assessments of mobility, nutrition, cogni-
tion, functional status, mood, polypharmacy, and comorbid 
illness, they can be time consuming, making it challenging to 
apply these comprehensive assessments in a busy practice.

A briefer instrument applicable to a busy thoracic sur-
gery practice would be valuable to assist with treatment 

Fig. 38.5 Meaningful informed consent requires that the patient 
understands the risks and benefits of a proposed intervention and then 
voluntarily gives authorization to proceed (reprinted with permission 
from Shutterstock Images, LLC)

Fig. 38.6 Seventy-five-year old woman with history of comorbid 
Amyotrophic lateral sclerosis and esophageal cancer was deemed not to 
be a surgical candidate, but underwent definitive chemotherapy/radia-
tion and has been disease-free for 2 years. The image illustrates a large 
hiatal hernia that mimics appearance of esophagectomy (reprinted with 
permission from Shutterstock Images, LLC)
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recommendations for or against surgery for the older patient 
and to assist in counseling patients about the likely outcomes 
after surgery (including risk of complications, or likelihood 
of being discharged to a nursing home, for example).

Most of the studies to date regarding geriatric assessment 
prior to elective surgery have included mainly older cancer 
patients undergoing thoracic surgery for a variety of tho-
racic malignancies. As cardiac surgery in the older popula-
tion is an increasing trend, studies in this setting are also 
warranted.

One prospective study performed in Japan evaluated 120 
patients ³60 years undergoing thoracic surgery for a variety 
of diseases (lung cancer: 85 patients; mediastinal tumor: 14; 
bullas: 12; and other diseases: 9) demonstrated that preoper-
ative CGA is helpful to inform the patient and provider about 
the risks of surgery. Dependence in activities of daily living 
(ADL) and the Mini-Mental State Examination (MMSE) 
were strongly predictive of postoperative complications, par-
ticularly when the operative time was longest [40].

The necessary preoperative physiologic evaluation need 
not be cumbersome. One elegant study by Brunelli and col-
leagues [41] demonstrated that the relatively simple test of 
symptom-limited stair climbing applied to older patients pre-
dicted postoperative cardiopulmonary complications after 
lobectomy for lung cancer, after controlling for spirometry 
and comorbid illnesses.

Pope et al. [42] created a preoperative assessment of can-
cer in the elderly (PACE). This encompasses the validated 
CGA [43] and measures of surgical risk assessment such as 
the ASA grade [44] and fatigue using the Brief Fatigue 
Inventory (BFI) [45] providing a thorough evaluation of 
onco-geriatric fitness for surgery [46]. Their group subse-
quently conducted an international prospective study with 
460 elderly cancer patients (216 breast, 146 GI, 71 GU, 27 
other) receiving PACE prior to elective surgery. A multivari-
ate analysis identified instrumental activities of daily living 
(IADLs), BFI, and ASA to be the most important predictors 
of comorbidities. In a follow-up publication [47], they 
reported further results of this study in respect to whether 
PACE would be predictive of short-term postoperative out-
comes (hospital stay, 30-day morbidity and 30-day mortal-
ity). Poor health in relation to disability (assessed using 
IADL), fatigue, and performance status (PS) were associated 
with a 50% increase in the relative risk of postoperative com-
plications. Multivariate analysis identified moderate/severe 
fatigue, a dependent IADL and an abnormal PS as the most 
important independent predictors of postsurgical complica-
tions. Disability assessed by ADLs, IADL s, and PS were 
associated with an extended hospital stay.

Our group has been developing a reliable, physician and 
patient-friendly, pre-operative Thoracic Oncology Geriatric 
Assessment (TOGA) (Table 38.1) to predict surgical risk 
and outcomes in geriatric oncology patients with thoracic 

neoplasms, including cancer of the lung, esophagus, pleura, 
and thymus, modeled upon existing CGA tools including 
(PACE) [48–50] (see Fig. 38.7).

We are currently conducting a prospective study to inves-
tigate how these different tools, independently and in combi-
nation, predict postoperative morbidity/complications, length 
of hospital stay, and change in residential status after dis-
charge. Eligible patients are age 70 years and older with 
lung, esophageal, pleural, or thymic neoplasms with a target 
accrual of 62 patients. The TOGA includes parts of the PACE 
[49], involving assessment of ADLs [51] (including toilet-
ing, feeding, dressing, grooming, ambulation, and bathing), 
IADLs [52] (including use of a telephone, shopping, food 
preparation, housekeeping, laundry, transportation, medica-
tion management, and finances), geriatric depression screen 
(GDS [53]), BFI [54], PS, MMSE [55], the ASA and Mini 
Nutritional Assessment (MNA [56]). PS and ASA were 

Table 38.1 Pre-operative thoracic oncology geriatric assessment 
(TOGA)

Screening test Measure Normal range

Activities of daily living (ADL)/
instrumental

Functional 
status

0

Activities of daily living (IADL)
Geriatric depression score (GDS) Mood Less than 5
Brief fatigue inventory (BFI) Fatigue, 

function
0–3

Eastern cooperative oncology Performance 0–1
Group/Zubrod performance status 

(PS)
Mini mental state exam (MMSE) Cognition 25 or greater
Mini nutritional assessment 

(MNA)
Nutrition 5 or less

Fig. 38.7 Abnormal clock drawing test indicative of cognitive changes 
after treatment in a 78-year-old male with esophageal cancer (reprinted 
with permission from Shutterstock Images, LLC)
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predictors of major surgical complications. IADL, PS, and 
MNA were predictors of place of discharge. MMSE and 
MNA were predictors of length of stay (see Table 38.2). 
A clinical applicable TOGA can be composed of PS, ASA, 
IADL, MNA, MMSE to predict surgical outcomes of 
thoracic cancer surgery in older patients.

Conclusion

The lack of evidence-based approach to the preoperative 
assessment of the older patient negatively impacts clinical 
practice with a substantial number of older patients being 
excluded from optimal treatment.

A valid and reliable multidimensional assessment of 
geriatric patients undergoing thoracic surgery to provide 
detailed information about the functional reserve is increas-
ingly important to aid individualized management (see 
Fig. 38.8).
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Abstract Projections are that the elderly population is 
increasing by as much as 50% by 2025. Increasing age 
and noncardiac thoracic surgery are both risk factors for 
increased morbidity and mortality. Thoracic anesthesia for 
the elderly patient requires optimization of medical status 
when possible. Coexisting diseases and subtle changes in 
physiology can affect the stability of an anesthetic. Drug 
metabolism may be decreased or brain sensitivity may be 
increased leading to more profound effects of various anes-
thetic drugs. Cardiovascular and respiratory complications 
as well as delirium increase morbidity. Short acting drugs 
and minimally invasive techniques may allow for a rapid 
return to preoperative function. No single anesthetic tech-
nique has been found to improve outcome. Further studies 
will help elucidate what factors are important in the anes-
thetic care of the elderly.
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Introduction

Recognizing that elderly Americans are an enlarging popula-
tion that is projected to increase by as much as 50% by 2025, 
a group of anesthesiologists started the Society for the 
Advancement of Geriatric Anesthesia (SAGA) in 2000. Its 

stated purpose was to better understand the implication of 
aging for our future and how it relates to the continuum of 
the perioperative period. Increasing age and noncardiac tho-
racic surgery are both risk factors for increased morbidity 
and mortality. Many factors that affect the outcome from 
anesthesia and surgery in the aging population are being 
identified and may then be studied.

A task force met to define what changes must take place 
within organized medicine to provide good care for the 
elderly outside of internal medicine [1]. Aging is associated 
with progressive loss of functional reserve and reduced abil-
ity to compensate for physiologic stress [1]. However, there 
is individual variation as to onset and extent of these changes. 
In addition to physiologic changes, the elderly patients often 
have multiple comorbid conditions, which affect their care. 
Preoperative evaluation and optimization of preexisting 
medical conditions reduce postoperative morbidity and mor-
tality. Maintenance of cognitive function and independence 
are important goals for recovery from surgery and anesthesia 
in the geriatric patient.

In 1995, adults aged ³65 years composed 13% of the 
population but accounted for 35% of total personal health 
care dollars spent ($310 billion), and real per capita per-
sonal health-care expenditure for this age group increased 
at an average annual rate of 5.8% during 1985–1995. 
Projections for 2000 and beyond are substantially higher 
[2]. Mortality associated with anesthesia and surgery 
increases with age. Mortality in the general population is 
1.2%, compared with 2.2% in patients aged 60–69, 2.9% in 
patients 70–79, 5.8–6.2% in patients over 80, and 8.4% in 
those over 90 [3]. Risk factors for postoperative mortality 
in the elderly are shown in Table 39.1 [3]. Age, American 
Society of Anesthesiologists (ASA) classification, surgical 
risk, and emergency surgery have been found to be inde-
pendent predictors of adverse postoperative outcomes [4–7]. 
Since ASA classification is based on existing preoperative 
medical status and classification greater than ASA II is 
associated with increased risk of adverse outcome, optimi-
zation of preoperative medical status is imperative to the 
extent possible.
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Physiology and Risk Factors

Although in-depth description of various aspects of physi-
ologic changes associated with aging is discussed else-
where in section II of this text, it is worthwhile to briefly 
reiterate issues relating specifically to anesthesia and man-
agement of the geriatric patient. Subtle changes in physiol-
ogy in the geriatric population, though not generally 
evident, can affect the stability of the anesthetic course. 
Coexisting disease states may reduce reserve and exacer-
bate risk [8].

Cardiovascular

Cardiovascular changes commonly associated with aging 
include age-related hypertension, ventricular hypertrophy, 
conduction disturbances, and decreased myocardial respon-
siveness to catecholamines. Hypertension develops as the 
elasticity of the arterial vasculature decreases and the cross-
sectional area of the peripheral vascular bed decreases, 
resulting in increased peripheral vascular resistance. 
Autonomic changes associated with aging include a decrease 
in response to b-(beta) receptor stimulation and an increase 
in sympathetic nervous system activity [9]. Diastolic dys-
function related to hypertension, hypertrophic cardiomyopa-
thies, and valvular heart disease may not be evident prior to 
a surgical stress. Impairment of diastolic relaxation leads to 
diastolic dysfunction, which in turn may lead to diastolic 
heart failure. Recent studies suggest that diastolic dysfunc-
tion is common in the elderly patient and is associated with 
an increase in all-cause mortality [10]. Hemodynamic 
response to various anesthetic agents may be exaggerated 
and compensatory responses diminished due to the afore-
mentioned cardiovascular changes.

Cardiac morbidity is particularly concentrated in patients 
who undergo major thoracic surgery. In a prospective study, 

the highest rate of myocardial infarction (MI) occurred in 
patients with an established diagnosis of coronary artery 
 disease (CAD) [11], but independent significant risk factors 
for infarction include age greater than 75 years even in the 
absence of suspected CAD. According to perioperative 
guidelines published by the American College of Cardiology 
and American Heart Association [12], patients presenting for 
intrathoracic surgery for pulmonary neoplasm are generally 
suspected for CAD because of a high incidence of tobacco 
consumption.

Pulmonary

Pulmonary changes due to aging include decreased chest 
wall compliance, which increases work of breathing and 
reduces maximal minute ventilation. Additionally, there is 
increased anatomic dead space, decreased diffusing capacity, 
and decreased lung elasticity, with resultant air trapping. At 
age 66, closing capacity equals functional residual capacity 
in the supine position. As closing capacity nears tidal breath-
ing, ventilation perfusion mismatching occurs and arterial 
PO

2
 decreases. Diminished cough and upper airway reflexes 

as well as decreased ciliary function, all more prominent in 
the elderly, can predispose to aspiration [13]. Postoperative 
pulmonary complications including pneumonia, hypoxemia, 
hypoventilation, and atelectasis occur in 2.1–10.2% of 
elderly patients [14]. Functional status can be assessed using 
stair climbing ability as a good predictor of pulmonary func-
tion, approximating spirometric testing. Parkinson’s disease, 
present in about 3% of the population older than age 66, can 
present a special respiratory challenge to surgical and anes-
thetic management. A recent review [15] highlights the com-
plexity of anesthetic care for patients with Parkinson’s 
disease. These patients are particularly at risk for aspiration 
due to decreased pharyngeal function and associated diffi-
culty handling secretions. Autonomic instability secondary 
to Parkinson’s disease itself or drug therapy related side 
effects may also complicate care.

Hepatic

Aging is associated with changes in organ blood flow, drug 
metabolism, and body composition that affect how drugs 
are handled. Hepatic volume decreases along with a moder-
ate decrease in phase I metabolism of certain drugs. Hepatic 
metabolic capacity, liver blood flow, and liver volume 
decrease with age. These changes account for decreased 
clearance and increased sensitivity to anesthetics [16]. Total 
body water is decreased in the elderly with resultant smaller 

Table 39.1 Risk factors for postoperative mortality in elderly surgical 
patients

ASA physical status III and IV
Surgical procedures Major and/or emergency procedures
Co-existing disease Cardiac, pulmonary disease, diabetes 

mellitus, liver and renal impairment
Functional status <1–4 MET a

Nutritional status Poor, albumin <35%, anemia
Place of residence Not living with family
Ambulatory status Bedridden
aMET metabolic equivalent
Source: Reprinted from Jin and Chung [3], by permission of Oxford 
University Press
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central venous volume of distribution of drugs. Thus, higher 
peak concentrations of bolus or infused anesthetic drugs 
can result in more pronounced sensitivity and cardiovascu-
lar response to these drugs [4]. Decreased lean body mass 
and increased body fat in elderly patients can be associated 
with accumulation of lipophilic drugs in adipose tissue, 
which may in turn contribute to increased duration of effect 
of many anesthetic drugs. Age and disease can affect 
 protein-binding of drugs. Both Albumin and a1-acid glyco-
protein are the primary protein targets for drug binding. 
Albumin concentration decreases with age, hepatic disease, 
and malnutrition. Drugs such as diazepam bind primarily to 
albumin and, therefore, have an increased free fraction; this 
increased drug fraction may explain the heightened drug 
sensitivity seen in elderly patients. In contrast, increased 
a1-acid glycoprotein in the elderly reduces the free fraction 
of drugs such as lidocaine and may contribute to reduced 
clearance.

Renal

A diminished renal ability to handle salt load, along with 
expansion of the extracellular volume that often occurs dur-
ing the perioperative period, can be problematic for the 
maintenance of fluid and electrolyte balance [17]. Because 
of progressive decrease in both creatinine clearance and 
muscle mass with age, serum creatinine is a poor predictor of 
renal function in the elderly. Abnormal serum sodium and 
creatinine are not as predictive of adverse outcome as ASA 
classification and surgical risk [7].

Nervous System

Degenerative changes in the central and peripheral nervous 
system can contribute to other morbidities. For example, 
neuronal loss in the autonomic nervous system leads to 
impaired cardiovascular reflexes. Neuronal loss and volume 
loss of gray matter in the central nervous system contribute 
to reduced ability to integrate multiple neural inputs. In the 
spinal cord, neuronal loss and demyelination lead to loss of 
proprioception. Declining visual and auditory function can 
result in confusion, which can limit the ability of an elderly 
patient to process information. Cognitive dysfunction and 
delirium postoperatively lead to increased morbidity, delayed 
functional recovery, and prolonged hospital stay [3]. 
Combative patients often require sedation making them 
slower to ambulate and cooperate with routine postoperative 
maneuvers. No significant difference has been found between 
general and regional anesthesia in terms of postoperative 

cognitive dysfunction [18, 19]. The ideal outcome is a return 
to preoperative neurocognitive functioning.

Temperature Regulation

Anesthetics and alterations in autonomic function make nor-
mothermia more difficult to maintain in elderly patients. 
Maintenance of normothermia is important because hypo-
thermia has been associated with myocardial ischemia, 
angina and hypoxemia, particularly in patients with cardiac 
risk factors [3, 20]. Cardiac morbidity can be decreased by as 
much as 55% in the early postoperative period by maintain-
ing a perioperative core temperature of 35.7 as opposed to 
35.4°C [20]. Use of active warming techniques, including 
warming blankets and intravenous fluid warmers, helps 
maintain normothermia in elderly patients.

Anesthesia

Anesthetic care is episodic, responding to various surgical 
stimuli with increases and decreases in depth of anesthesia. 
Anesthetic technique per se has not been found to have a sig-
nificant difference in outcome [21, 22]. Outcome studies focus 
on recovery from the various agents used. Pharmacokinetic 
studies of drugs include effects on the elderly in inpatient and 
outpatient settings looking at recovery from a single drug. 
Focus on ultra-short-acting anesthetic agents for the elderly 
seems attractive for rapid recovery from anesthesia, but as  
yet there is no evidence that outcome is changed. To best 
maintain cardiovascular, respiratory, renal, and neurologic 
homeostasis during surgery and postoperatively for an elderly 
patient, one must be mindful of the physiologic changes of 
aging. Additionally, because elderly patients are likely to be 
taking many medications for comorbid conditions, adverse 
drug interactions during the perioperative period are espe-
cially common [23].

Documented effects in the elderly patients seen in each major 
class of anesthetic drug are summarized in Table 39.2 [4].

Inhaled Anesthetics

Minimum alveolar concentration (MAC) of inhaled agents 
for which 50% of subjects will not respond to surgical stimu-
lus decreases approximately 6% per decade. Age-dependent 
changes in pharmacokinetics, including clearance and 
 volume of distribution as well as brain sensitivity, affect 
 dosing of intravenous drugs.
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Hypnotics

Several drugs commonly used either for induction of anes-
thesia or amnesia have age-related changes in potency. 
Thiopental requirements for induction of anesthesia for an 
80-year old are approximately 85% of the dose required for 
a 20-year old. The increased sensitivity of elderly patients to 
thiopental is the result of a reduction in the volume of distri-
bution and, therefore, higher concentrations exist for any 
given dose [24].

Elderly patients may show a 30–50% increased sensitiv-
ity to Propofol, which is widely used in anesthesia practice 
[25]. The intrinsic potency of propofol increases with age 
because of the increased brain sensitivity to the drug. 
Recovery from a 1 h propofol infusion in the elderly patient 
is nearly identical for a 20 and 80-year old patient. However, 
in the elderly patient, recovery after a 4 h infusion may dou-
ble due to decreased clearance as well as increased brain sen-
sitivity [24].

The pharmacokinetics and pharmacodynamics of mida-
zolam are profoundly influenced by age. Plasma concentra-
tions fall slowly in elderly patients due to reduced clearance 
[24]. Sedation studies show a 75% decrease in dose from age 
20 to 90 when used for intravenous sedation in endoscopic 
procedures. Small doses, usually 1–2 mg, used as anxiolytics 
prior to anesthesia induction, are likely less to have long 
lived effects such as prolonged sedation unless the surgical 
procedure is a brief diagnostic one.

Muscle Relaxants

Age does not generally affect the pharmacodynamics of 
muscle relaxants. Both atracurium and cis-atracurium are 
unaffected by age mainly because of the elimination by 
hydrolysis and Hofmann degradation, which are intrinsic 
properties of the drugs. Vecuronium clearance during infu-
sion is reduced by about 30% but the difference in recovery 
time is small (~10 min). Pancuronium clearance is variable 
relying primarily on renal function. Therefore, pancuronium 
might best be avoided in elderly patients, in whom renal 
function is often impaired.

Narcotics

Existing data suggest that for the elderly population, increased 
brain sensitivity to narcotics and decreased clearance account 
for lower dose requirements. Morphine-6-glucuronide is an 
active morphine metabolite that depends on renal excretion. 
Elderly patients with renal insufficiency may have impaired 
elimination of morphine glucuronides and resultant enhanced 
analgesia from a given morphine dose. Sufentanil, alfentanil, 
and fentanyl are approximately twice as potent in elderly 
patients primarily due to an increase in brain sensitivity to 
opioids with aging [26]. In contrast, slower onset and offset 
of remifentanil effects are seen in elderly patients compared 
with 20-year olds. About half the dose used in younger 
patients is required to achieve the same drug level effect. 
This is entirely due to increased brain sensitivity, as with fen-
tanyl and alfentanil [24].

Positioning

No specific complications of positioning occur uniquely in the 
geriatric patient. However, elderly patients are, in general, less 
flexible than younger patients, so that surgical positioning can 
be problematic. In addition, loss of subcutaneous tissue and 
diminished skin elasticity may predispose to skin damage. 
Bony abnormalities can also require attention and careful pad-
ding to reduce risk of postoperative neuropathies [27].

Comorbidity

In addition to physiologic changes associated with advanced 
age, elderly patients presenting for thoracotomy often 
have a variety of comorbidities, which complicate their 

Table 39.2 Clinical pharmacology of anesthetic agents in elderly 
patients

Drug
Brain 
sensitivity Pharmacokinetics Dose

Inhaled agents ↑ – ↓
Thiopental – ↓ Initial distribution volume ↓
Etomidate – ↓ Initial distribution volume ↓

↓ Clearance
Propofol ↑ ↓ Clearance ↓
Midazolam ↑ ↓ Clearance ↓
Morphine ↑ ↓ Clearance ↓
Sufentanil ↑ – ↓
Alfentanil ↑ ↓
Fentanyl ↑ ↓
Remifentanil ↑ ↓ Clearance –

↓ Central compartment 
volume

Pancuronium NA ↓ ↓a

Atracurium NA – –
Cisatracurium NA – –
Vecuronium NA ↓ Clearance ↓
NA not applicable
a See text
Source: Reprinted with permission from Miller [4], Copyright Elsevier 
2009
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 anesthetic care. As shown in Table 39.3, some comorbid 
states affect outcome. Preoperative comorbid disease is a 
stronger determinant of postoperative morbidity than is 
anesthetic management. As already stated, preoperative 
optimization of medical status reduces postoperative mor-
tality. Comorbidities do not correlate with mortality [6, 28]. 
Various authors have found that tachycardia [6], hypo-
thermia [3], and fluid overload [3] can increase morbidity. 
ASA status, emergency surgery, and increasing age are all 
risk factors for morbidity and mortality [5].

Surgical Population

The hazards of anesthesia cannot be separated from the risk 
of surgery [8, 29]. Multiple studies confirm that increasing 
age is associated with increased risk for postoperative mor-
bidity and mortality in the general surgical population. In a 
large scale prospective study that examined anesthesia and 
surgical mortality, of 7,306 general surgical patients [8], it 
was found that 0.05% (1:1,800) died during anesthesia, 0.1% 
(1:730) died during the recovery period, and the overall mor-
tality rate in hospital was 1.2% (1:81). Perioperatively, the 
period of greatest risk appears to be the postoperative period 
[8]. Most deaths occurred in the elderly (greater than or equal 
to 70 years of age) and were unavoidable due to progression 
of the presenting condition, such as advanced cancer, or to 
coexisting diseases such as cardiopulmonary or renal failure. 
Of the patients who developed MI following anesthesia, 67% 
(8/12) died in the postoperative period. It was determined 
that within the same group, a left ventricular ejection fraction 

less than 50% or greater than 70% was associated with a 
58% risk of complications when compared with 12% risk in 
the 50–70% ejection fraction group. A prospective study of 
5-year survival among 900 patients aged 65 years and above 
who were undergoing a general surgical procedure revealed 
that high early mortality was associated with nonelective 
admissions, age 75 years and above, ASA grade 4–5 and 
major surgery.

Patients aged 65 and above comprise at least one quarter 
of the surgical population. Studies of elderly surgical patients 
have focused largely on the lung cancer population, as there 
is an increasing worldwide incidence of the disease [30]. 
Although surgery for lung cancer is only one aspect of tho-
racic surgical practice, generalizations from the published 
literature can be made for other conditions requiring thoraco-
tomy. Although surgery for benign thoracic disease states, 
including treatment of esophageal disorders as well as diag-
nostic procedures, is a component of thoracic surgical prac-
tice, the geriatric population comprises only a small part of 
the affected population. Minimally invasive techniques have 
been increasingly used for both benign and malignant condi-
tions in the general population. In terms of benign disease, 
laparoscopy has been successfully used in repair of parae-
sophageal hernias, although the focus is not specifically the 
elderly population [31]. Reports of thoracoscopic Belsey 
fundoplication include elderly patients [32]. There are iso-
lated reports of surgical repair of esophageal perforation on 
elderly subjects [33].

Both surgical and anesthetic choices have been examined 
to determine the best approach for minimizing morbidity and 
mortality in the elderly population. A retrospective study of 
68 octogenarians with non small cell lung cancer (NSCLC) 
who underwent lung resection found that health status and 
tumor stage were more important than chronologic age in 
determining outcome and survival [34]. ASA class greater 
than 2, FEV

1
 of less than 1.5 L and advanced stage of disease 

were found to be strong independent negative predictors of 
long-term survival [34]. Another large retrospective study 
found that among elderly patients with good performance sta-
tus and no comorbidity, perioperative mortality and prognosis 
were similar to those in younger patients [35]. A retrospective 
study of patients 70 and older concluded that age was a risk 
factor for overall but not major morbidity [36]. Analysis of 
data collected for the Society of Thoracic Surgeons on patients 
undergoing esophagectomy concluded that age above 75 is a 
significant predictor for major morbidity [37].

Respiratory complications are the major cause of morbid-
ity and mortality after pulmonary resection in the elderly. 
A study designed to develop and validate risk factors for post-
operative pneumonia after major noncardiac surgery found 
that thoracic surgery has a greater relative risk value for devel-
opment of pneumonia than emergency procedures or those 
requiring more than 4 units transfusion [38]. Each decade 

Table 39.3 Cohort patients: comorbidities, according to the out-
comes [28]

Comorbidities SG n(%) DG n(%) p-Value

Hypertension 213 (58) 24 (73) 0.09
Anemia 100 (27) 17 (52) 0.004
Diabetes mellitus 76 (21) 7 (21) 0.93
Dyslipidemia 39 (11) 8 (24) 0.04
Coronary disease 21 (06) 8 (24) £0.001
Cardiac failure 25 (07) 3 (09) 0.47
Hypothyroidism 27 (07) 0 0.15
COPDa 24 (06) 1 (03) 0.70
Stroke 19 (05) 3 (09) 0.40
Atrial fibrillation 17 (05) 4 (12) 0.08
Chronic kidney disease 

stage ³3
11 (03) 7 (21) £0.001

Depression 13 (04) 2 (06) 0.35
Body mass index <16 6 (02) 5 (16) £0.001
Dementia 6 (02) 2 (06) 0.13
Heart valve disease 1 (0.3) 3 (09) £0.001
SG survivor group; DG death group
a Chronic obstructive pulmonary disease
Source: Reprinted with permission from Machado et al. [28]
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after the seventh decade increases the risk for  postoperative 
 pneumonia. Numerous studies have evaluated the benefit of 
video-assisted thoracic surgery (VATS) in the elderly popula-
tion, with emphasis on octogenarians [39]. With appropriately 
selected patients, the risk of surgery and anesthesia is accept-
able. By comparison with standard thoracotomy, VATS treat-
ment of lung malignancy in the elderly appears to have parallel 
oncologic efficacy and may confer improved pulmonary func-
tion [30, 40]. A study of 138 patients comparing postoperative 
pain-related morbidity in video-assisted thoracoscopic sur-
gery (VATS) or limited lateral thoracotomy found that VATS 
patients experienced less postop pain, reduced requirements 
for narcotics, and improved early pulmonary function. 
Shoulder girdle strength was equally impaired following 
VATS or thoracotomy at day 3 but recovered more rapidly (by 
3 weeks) in VATS patients [41]. Minimally invasive surgical 
techniques seem to allow for improved recovery from a variety 
of procedures.

Anesthetic Management

Anesthesia goals for the elderly patient should be to maintain 
homeostasis during surgery, to preserve myocardial and 
hemodynamic function, and to provide adequate pain control 
postoperatively. Careful monitoring during surgery as well 
as attention to issues related to preexisting medical condi-
tions are part of standard anesthetic care. Additionally, main-
taining intact neuro-cognitive function as well as the ability 
to function independently are two important desired postop-
erative outcomes. Preexisting level of function appears to 
predict long-term outcome in geriatric patients [42].

As previously stated, no one anesthetic technique has 
been found to have improved outcome over another. Studies 
attempting to demonstrate benefits of regional over general 
anesthesia have been conflicting. One study found no sig-
nificant difference [18], while another concluded that 
regional anesthesia reduces postoperative mortality and 
other serious complications [43]. Thoracic epidural anes-
thesia has been shown in vascular surgery, coronary artery 
bypass grafting, and abdominal surgical procedures to 
attenuate the perioperative stress response, improve myo-
cardial oxygenation, reduce the release of troponin T, and 
effectively control refractory unstable angina as a result of 
sympatholysis [44–46]. Epidural analgesia has also been 
shown to provide superior pain management over systemic 
narcotics in the postoperative period [47]. Use of short act-
ing drugs and modalities such as epidural analgesia for 
postoperative pain relief appears to have some theoretical 
and practical merit. Further studies will help to delineate 
the relative importance of the combined epidural-general 
technique.

Interestingly, patients who received 100% oxygen were 
found to have better proinflammatory and antimicrobial 
responses of alveolar macrophages than those given minimal 
oxygen [48]. Although this study was performed on patients 
undergoing orthopedic surgery and was not limited to the 
elderly population, it is interesting to consider that patients 
for thoracic procedures often receive 100% oxygen during 
surgery and might therefore similarly benefit from the 
improved alveolar macrophage responses.

Pain Control and Delirium

Delirium in surgical patients has been reported to increase 
the length of stay as well as the cost of care [49]. A large 
scale international study found that only age correlated with 
late postoperative cognitive dysfunction [19]. Unfortunately, 
recognition of delirium and definition of postoperative cog-
nitive decline (POCD) are often ambiguous and unrecog-
nized so that studies are difficult to assess. Noncardiac 
thoracic surgery is a defined risk factor for postoperative 
delirium [50]. Additionally, adequate pain control with 
appropriate routes of administration of pain medicine is 
important to minimize adverse events and limit morbidity 
due to postoperative delirium. Although combining general 
anesthesia with epidural placement for postoperative analge-
sia has an intrinsic appeal to limit systemic exposure to nar-
cotics, no evidence exits as yet that there is any decrease in 
postoperative delirium or POCD [51]. Recent studies have 
evaluated pain and pain management modalities as they 
relate to postoperative delirium or POCD. In one study [52], 
age, moderate and severe preoperative resting pain, and 
increased pain from baseline were independently associated 
with a greater risk for development of postoperative delir-
ium. Meperidine was associated with increased risk of delir-
ium in elderly surgical patients but morphine, fentanyl, and 
hydromorphone were not found to have significant differ-
ence in risk of delirium [51]. According to the analysis of a 
literature search [51], available studies do not differentiate 
between IV or epidural techniques in terms of cognitive 
function in elderly patients.

Summary

The geriatric patient population comprises a highly varied 
group in terms of functional status. The onset and extent of 
loss of functional reserve is individual. As the elderly popu-
lation is increasing, the anesthetic care of this group is 
being studied to better understand what factors can be iden-
tified that impact outcome from surgery and anesthesia. 



48139 Thoracic Anesthesia in the Elderly

Known risk factors for perioperative complications have been 
and will continue to be elucidated. Optimization of the patient’s 
preoperative medical status, when possible, reduces morbidity 
and mortality. Elective surgery, as opposed to emergency sur-
gery, also reduces relative risk of morbidity and mortality. 
Organ function declines with increasing age and concomitant 
ability to metabolize drugs or equilibrate fluid balance after 
surgery is reduced. Risk of cardiac and pulmonary complica-
tions increases with aging. Noncardiac thoracic surgery 
includes a high relative risk for complications in the elderly.

Although no single anesthetic technique has been shown to 
be superior to another in terms of outcome, combined epidu-
ral and general anesthesia has been found to provide superior 
pain relief and to reduce narcotic requirement postoperatively. 
As yet, no evidence exists that an anesthetic technique is asso-
ciated with reduced incidence of postoperative delirium. 
Certainly minimizing delirium in the elderly is important for 
reducing morbidity and allowing a return to preoperative 
functional state. VATS and minimally invasive techniques 
also improve rapid return to function when compared with 
standard thoracotomy. Studies targeting a reduction in mor-
bidity and mortality from anesthesia and surgery in the geriat-
ric population will continue to guide the development of safer 
and better techniques in the care of this large diverse group.
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Abstract Citizens over the age of 65 constitute the fastest 
growing segment of the population of the United States. 
Consequently, patients older than 65 years of age will con-
stitute a growing segment of an average thoracic surgeon’s 
practice. Treating physicians must understand the normal 
physiologic changes associated with aging to accurately con-
struct a risk versus benefit analysis specifically tailored to the 
elderly patient, taking into account the patient’s life expectancy 
and quality of life both before and after a procedure. A sur-
geon must be cognizant of the special postoperative needs and 
concerns in the elderly population, including pain control, 
end-of-life issues, and the potential need for rehabilitation 
or nursing home placement in the postoperative period. The 
challenge for the future will be to continue to improve periop-
erative and postoperative care, patient selection, and operative 
techniques to lower the morbidity and mortality rates among 
the elderly, and will require coordination between the family, 
patient, physician, surgeon, and critical care teams.

Keywords Risk assessment • Benefit analysis • Risk-benefit 
ratio • End-of-life issues • Palliative care • Pain management 
• Mechanical ventilation • Oxygenation • Pneumonia • 
Atelectasis • Comorbidities • Atrophy • Chronic obstructive 
pulmonary disease (COPD) • Cardiovascular disease • Acute 
respiratory distress syndrome (ARDS) • Acute renal failure 
(ARF) • Glomerular filtration rate (GFR) • Arrhythmia • 
Cardiac assessment • Atrial fibrillation (AF) • Myocardial 
infarction (MI) • Beta blockers • Blood transfusion • 
Exercise capacity • Lung volume reduction surgery (LVRS) 
• Anesthesia • Thoracotomy • Video-assisted thoracoscopic 
surgery (VATS) • Muscle sparing thoracotomy (MST) • Lung 
cancer • Esophagectomy • Cognitive impairment • Analgesia 
• Pain relief • Depression • Cognitive dysfunction • Delirium 
• Postoperative delirium • Postoperative cognitive disorder 
(POCD) • Life expectancy

Introduction

Citizens over the age of 65 constitute the fastest growing 
 segment of the population of the United States. Although 
projections continue to rise, the U.S. Census Bureau cur-
rently estimates the elderly population (age >65) will rise 
from 40 million in 2010 to 81 million by 2040 and 89 million 
by 2050, doubling the elderly population in the US in just  
30 years. Elderly persons over 85 years are also estimated to 
double in number, from five million in 2010 to over 11  million 
by 2035. Worldwide, the 65 and older population is estimated 
at 506 million as of 2008 with projections of 1.3 billion by 
the year 2040. Consequently, the number of elderly over 
65 years of age could double from 7 to 14% of the world’s 
population in just 30 years, paralleling the percentage growth 
in the United States. By 2030, estimates are that 19% of the 
population will be older than 65 years of age [1]. After  
80 years of age, men, on average, live another 7.62 years and 
women live another 9.16 years [2].

Consequently, patients older than 65 years of age will 
constitute a growing segment of an average thoracic  surgeon’s 
practice. Fifty percent of newly diagnosed non-small-cell 
lung cancers are in patients over 65 years old with 30–40% 
in patients over 70 years old. The median age at diagnosis is 
now 69 years [3]. With average life expectancy between 87 
and 89 years for individuals alive at 80, cancer management 
in the octogenarian should focus on quality of life [4] and 
take into consideration the individual’s comorbidities and 
underlying physiologic reserve. The challenge for the future 
will be to continue to improve perioperative and postopera-
tive care, patient selection, and operative techniques to lower 
the morbidity and mortality rates among the elderly. This 
will require coordination between the family, patient, physi-
cian, surgeon, and critical care teams. Advanced age alone is 
not a contraindication to operative treatment, even for higher 
risk procedures in thoracic and vascular surgery [5–7]. The 
elderly should not be considered simply as older adults any 
more than a surgeon would consider a baby a little adult. 
Treating physicians must understand the normal physiologic 
changes associated with aging to accurately  construct a risk 
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versus benefit analysis specifically tailored to each patient. 
Risk assessment should focus on identifying the physiologic 
state and reserve of specific organ systems to treat, or antici-
pate compromised function. Benefit analysis should take 
into account a patient’s life expectancy and quality of life 
both before and after a procedure. Finally, a surgeon must 
be cognizant of the special postoperative needs and con-
cerns in the elderly population, especially pain control 
issues. The surgeon should anticipate end-of-life issues, and 
the potential need for rehabilitation or nursing home place-
ment in the early postoperative period. Standards of critical 
care that do not change with respect to the adult patient’s 
age, such as nutritional support, fluid and electrolyte man-
agement, endocrine dysfunction, glucose control, antimi-
crobial therapy, and sepsis, are not discussed in this 
chapter.

Cardiovascular Physiology

Eighty percent of patients older than 80 years have identifi-
able cardiovascular disease. Men and women over 75 years 
old account for 36% of myocardial infarctions (MI) and 60% 
of MI-related deaths [8]. Age-related changes of the cardio-
vascular system, from small arterioles to large vessels and 
even the heart itself, play an important role in the loss of 
physiologic reserve. Most patients show no obvious sign of 
impaired hemodynamic performance. Stresses of anesthesia 
and the inflammatory response of an operation (increased 
myocardial oxygen demand from tachycardia or loss of vas-
cular tone from the vasodilatory effects of anesthetic agents, 
for example) will often uncover the limited cardiac reserve 
of a patient.

As blood vessels age, the intimal layer gradually becomes 
less smooth and causes turbulent flow patterns, endothelial 
damage, and has an increased number of potential sites for 
lipid deposition. A complex cascade is initiated with endothe-
lial damage which leads ultimately to intimal deposition of 
increased connective tissue, calcium, and lipid. The media 
also collects increased calcium, with thickening elastic fibers 
and hypertrophy of smooth muscle cells. These changes lead 
to stiffening of the vascular wall and increased peripheral 
vascular resistance [9].

Increased peripheral vascular resistance causes elevated 
blood pressure. With prolonged exposure to higher afterload 
pressures, myocyte turnover through apoptosis is accelerated 
with subsequent hypertrophy of the remaining cells and 
development of interstitial fibrosis. Resultant ventricular 
hypertrophy causes impaired diastolic function of the heart. 
The thickened ventricle wall, together with increased imped-
ance through the aortic outflow tract, results in prolonged 
myocardial contraction and delayed relaxation. The ventricle 

remains stiff during the early passive phases of diastolic 
 filling when the mitral valve opens, reducing end diastolic 
volume and cardiac output [10]. The early diastolic filling of 
an 80-year-old patient is one-third to one-half that of a 
20-year-old [10, 11]. The left atrium enlarges to augment late 
diastolic filling [12]. The nonstressed heart in normal sinus 
rhythm can compensate for some diastolic dysfunction, but 
tachycardia or hypertension may additionally reduce dia-
stolic filling beyond the ability of the heart to compensate. 
A patient who develops atrial fibrillation loses the atrial 
 contraction (or kick) leading to more reduced end diastolic 
volume and cardiac output [13]. These pathophysiologic 
changes underscore the importance of maintaining the heart 
and vascular systems in a nonstressed, normotensive, sinus 
rhythm during surgical procedures.

Cardiac output is a primary determinant of oxygen deliv-
ery and of aerobic metabolism in the body [14]. Even with-
out severe cardiovascular disease, aging causes a decrease in 
cardiac output, beginning at age 30 years, of 1% per year 
[15]. Similarly, the maximum rate of oxygen use (VO

2
 max) 

by the body declines steadily at 10% per decade, or about 
50% between the ages of 20 and 80 years [13]. Congestive 
heart failure (CHF) is present in 10% of individuals over  
65 years of age [16], and is the leading cause of postopera-
tive morbidity and mortality after surgical procedures. 
Patients with CHF have an increased rate of cerebral stroke, 
myocardial infarction, and postoperative renal failure. To 
minimize adverse outcomes, preoperative recognition of 
impaired cardiac function and reserve is essential to maintain 
proper fluid balance and limit myocardial work intra- and 
postoperatively. Estimate of cardiac reserve also greatly 
impacts risk assessment.

Pulmonary Physiology

Pulmonary complications account for a majority of the mor-
bidity encountered after thoracic operation. Atelectasis, 
pneumonia, air leaks, and prolonged mechanical ventilation 
account for a 7–33% morbidity rate after thoracic procedures 
in the elderly [17–19].

Pulmonary changes associated with aging are evident by 
a loss of elastic recoil of the lung and impaired chest wall 
movement from muscle atrophy, resulting in decreased 
intrathoracic volume displacement [20]. Impaired elasticity 
also causes air trapping and ventilation-perfusion mismatch-
ing, leading to decreased oxygen transfer reflected by an 
increased alveolar-arterial oxygen gradient [21]. Oxygenation 
is additionally impaired by an increased closure volume of 
small airways, and decreased surface area for gas exchange, 
as lung parenchyma is destroyed or thickened by aging [22]. 
The amount of lung volume not ventilated during normal 
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respiration can double between the ages of 20 and 65 years. 
Vital capacity decreases with age, reflecting an increase in 
dead space ventilation [23]. Loss of parenchymal elasticity, 
joint stiffening, weakening of inspiratory muscles, and early 
small airway collapse also change gas flow characteristics. 
The forced expiratory volume in 1 s (FEV

1
) progressively 

declines with aging resulting in an FEV
1
: VC ratio <70% by 

age 70. The sum of the respiratory changes associated with 
aging ultimately limits the maximal breathing capacity by 
age 70–50% of that at age 30 [24].

Chronic obstructive pulmonary disease (COPD) is the 
primary diagnosis in 18% of all hospital admissions in 
patients older than 65 years [25] and accounts for two to 
three admissions per year averaging 12 hospital days per 
admission [26]. COPD affects approximately 16 million 
Americans [27] and is the fourth leading cause of death in 
the US [28]. Though the age-adjusted death rate for stroke 
and coronary artery disease has declined in the last 30 years, 
the death rate for COPD has increased by 70% [29]. With 
early diagnosis and aggressive preoperative pulmonary treat-
ment, complication rates in the elderly with COPD can be 
minimized [30].

Prevalence of acute respiratory distress syndrome (ARDS) 
among hospitalized patients has been estimated to be as high 
as 40% in high-risk patients [31]. Mortality rates in patients 
younger than age 60 are 12–45%, although rates in patients 
older than age 60 are 64–72% [32–34]. One study examined 
the relationship between age and outcomes in ARDS and 
found a progressive decline in survival for each increasing 
age group at 28 days of hospitalization (Fig. 40.1). Mortality 
at 28 days was 25.4% in patients less than age 70, and 50.3% 
in those older than age 70 [35]. Age as an independent risk 
factor for mortality in ARDS has been challenged recently. 
When 343 patients (n = 210 >65 years old) developed ARDS 
at a single institution, there was no significant difference in 
mortality between the group over age 65 years (51.9%) and 
the group under age 65 years (41.7%). Only Acute Physiology 

and Chronic Health Evaluation III and nonpulmonary 
 multiple organ dysfunction scores were statistically signifi-
cant predictors of mortality [36]. Consequently, treatment 
strategies do not differ among age groups, and should focus 
on identification of the underlying causes for ARDS com-
bined with ventilator management based on low tidal volume 
protective strategies to minimize ongoing ventilator-induced 
lung injury [37].

Pain associated with thoracic and abdominal operations 
can have profound effects on pulmonary mechanics and tip 
a marginal patient to failure or prolonged mechanical venti-
lation. Splinting from inadequate pain control restricts lung 
expansion and prevents adequate cough to clear secretions, 
leading to increased risk for atelectasis, pneumonia, and 
hypoxia. Functional residual capacity can be suppressed up 
to 70% from baseline and remain severely suppressed for 
as long as a week postoperatively [38]. To lower the inci-
dence of pulmonary complications, an aggressive pulmo-
nary toilet regimen of coughing, deep breathing, and early 
ambulation should be implemented immediately after the 
operation [39].

Renal Physiology

Acute renal failure (ARF) occurs in approximately 5–6% of 
ICU admissions and has an associated 60% in-hospital mor-
tality. In an analysis of over 29,000 patients in 23 countries, 
34% of patients had ARF after major surgery. In 47.5% of 
the study patients, ARF was associated with septic shock, 
and each year of advancing age was shown to be statistically 
significant for an increased risk of hospital mortality on mul-
tivariate analysis [40]. Consequently, avoiding kidney injury 
increases survival in surgical patients and has an even greater 
effect among the elderly.

Avoiding acute kidney injury is predicated on under-
standing the numerous age-related changes in renal mor-
phology and physiology (Table 40.1) [41]. A progressive 
reduction in renal mass results in kidney weight decreasing 
to 75–80% of young adult weight by 80–90 years of age. By 
70 years of age, 30–50% of cortical glomeruli have been lost 
secondary to ischemic changes or glomerulosclerosis [24, 
41, 42]. Glomerulosclerosis results in a decline in renal 
plasma flow and in glomerular filtration rate (GFR) [43]. 
Moreover, the number and size of tubules decreases, leading 
to increased tubulointerstitial fibrosis, glomerular filtering 
surface area decreases because of increased mesangial cells, 
increased thickness of glomerular and tubular basement 
membranes, arteriosclerosis, and decreased cross-sectional 
area of afferent arterioles. From age 20–80 years, renal blood 
flow decreases 50%, resulting in a decreased GFR [41]. 
Additionally, the age-related decline in cardiac output also 

Fig. 40.1 Decreased 28-days survival in patients with acute lung injury 
by decade of age (Reprinted from Cheng and Matthay [37])
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negatively impacts renal plasma flow and GFR. All elderly 
patients have decreased GFR, and are susceptible to volume 
overload and accumulation of metabolic substances and 
drugs that rely on renal clearance for excretion [44]. Slowed 
drug elimination can lead to prolonged sedative effects of 
anesthetic and narcotic medication, and a propensity to drug-
induced ARF after administration of nonsteroidal antiinflam-
matory medications, diuretics, and antibiotics [24]. Impaired 
renal sodium conservation can lead to electrolyte imbalances 
that could potentially affect cardiac conduction and lead to 
arrhythmia [13]. The plasma level of creatinine is an unreli-
able marker of GFR in the elderly. In the critically ill elderly 
patient, GFR should be calculated using serum-creatinine 
based equations, such as the modification of diet in renal dis-
ease formula. GFR may also be estimated using cystatin C, a 
serum marker more reliable than creatinine in the elderly. 
However, the cystatin C assay is not widely available [45].

Adjuncts necessary to avoid acute kidney injury include 
providing hydration and volume loading (normal saline or 
isotonic sodium bicarbonate), maintaining renal perfusion 
pressure, avoiding nephrotoxin exposure (aminoglycosides, 
amphotericin B, and radiocontrast), and judicious use of 
N-acetylcysteine. Fenoldopam may help avoid septic acute 
kidney injury, but evidence is lacking. Theophylline, like-
wise, will need further trials before its role in avoidance of 
contrast nephropathy is elucidated [46].

Preoperative Assessment

Coexisting disease has more impact on morbidity and mor-
tality than age alone in the geriatric population [47]. 
Likewise, age alone is not an independent risk factor for 

morbidity and mortality after a thoracic operation [5].  
A barrage of laboratory tests is generally not indicated, and 
has been shown to be of no benefit in the elderly [48]. 
A workup should begin with basic laboratory screening 
based on an individual’s known comorbidities. Symptoms of 
ongoing infection should prompt an inquiry to identify the 
source and clear the infection before any elective procedure. 
Recent weight loss is important and the nutritional state of 
the patient should be evaluated and corrected if possible. 
The National Veteran’s Affairs Surgical Risk Study has iden-
tified albumin level as the most important independent risk 
factor predicting postoperative morbidity and mortality [49]. 
Mortality was <1% for albumin levels >46 g/L and rose 
exponentially to 29% for levels <21 g/L. Age ranked fifth for 
predicting mortality and tenth for morbidity [49, 50].

Cardiac Evaluation

Cardiac assessment usually begins with an ECG, and 75% of 
patients over 70 years of age have some abnormality on ECG. 
No correlation exists between ECG abnormalities alone and 
life expectancy [51]. Arrhythmias have been shown to 
adversely impact postoperative cardiac morbidity in elderly 
patients [18], possibly leading to hemodynamic instability or 
stoke. Atrial fibrillation (AF) is the most common arrhyth-
mia, estimated to be present in 10% of patients over 80 years 
of age and accounting for 75,000 thromboembolic events per 
year. AF is common after thoracic surgery, occurring in 
approximately 12–15% of all types of thoracic surgery [13, 
52], but is reported as high as 22% in patients over 70 years 
[52], 12–30% for lobectomy, and 24–67% for pneumonec-
tomy [53]. Older age is the strongest predictor of AF after 
thoracic surgery. Patients with AF have a higher incidence  
of pneumonia, respiratory failure, and mortality [13, 54]. 
Furthermore, AF incidence rises with increasing age, comor-
bidities, or increased thoracic dissection. On a multivariate 
analysis of 2,588 patients, the relative risk of AF was signifi-
cant for male sex (1.72), age 50–59 (1.7, vs. age <50), age 
60–69 (4.49, vs. age <50), age >70 (5.30, vs. age <50), his-
tory of CHF (2.51), history of arrhythmias (1.92), lobectomy 
(3.89, vs. single wedge), bilobectomy (7.16, vs. single wedge), 
and pneumonectomy (8.91, vs. single wedge) [52]. Obviously, 
the incidence of AF rises with increasing age and increased 
intrathoracic dissection. New onset AF requires rate control 
and attempted restoration of normal rhythm, but there is no 
survival benefit to converting chronic AF to sinus rhythm pre-
operatively in asymptomatic patients. Rate control and anti-
coagulation are still the mainstays of treatment in chronic 
atrial fibrillation. One recent randomized trial reports a 
decreased incidence of AF after lobectomy, bilobectomy, 
or pneumonectomy when patients were given prophylactic 

Table 40.1 Anatomic and physiologic changes in the aging kidney

Anatomic
Loss of renal mass
Glomerular drop out and glomerulosclerosis
Diminished glomerular filtering surface area
Decreased tubular size and number
Increased tubulointerstitial fibrosis
Thickened glomerular and tubular basement membranes
Decreased afferent arteriolar luminal area
Increased arteriosclerosis

Physiologic
Decreased renal blood flow
Decreased glomerular filtration rate
Diminished urinary concentrating and diluting capacity
Diminished capacity for sodium conservation
Decreased plasma renin and aldosterone levels
Decreased prostaglandin production
Increased vasoconstrictive response to stimuli (e.g., volume depletion)
Source: Reprinted with permission from Abdel-Kader and Palevsky [41]
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amiodarone (32.3% in control group versus 13.8% in 
 amiodarone group, p = 0.02). The amiodarone group also had 
a significantly shorter length of ICU stay [53]. Prophylactic 
amiodarone therapy, however, still requires further investiga-
tion before becoming standard care. In one retrospective anal-
ysis, VATS versus thoracotomy for lung resection did not 
significantly impact on the incidence of AF [55].

Cardiac complications in the elderly occur in 10.3–12.5% 
of patients with preexisting heart disease [17, 56]. Preexisting 
CHF can lead to a two- to fourfold increase in postoperative 
cardiovascular complications, including MI, supraventricu-
lar tachycardia, hypo- or hypertension, and cardiac arrest 
[56, 57]. Estimation of cardiac reserve can be difficult 
because most elderly patients with cardiac dysfunction are 
compensated, and will only show signs of disease when 
stressed. Physical reserve of elderly patients is difficult to 
estimate under circumstances of a sedentary lifestyle or gen-
eral debility. Provocative testing with either thallium scans 
or dobutamine stress test is helpful to identify patients with 
reversible ischemic heart disease. Of course, reversible isch-
emia should be treated before elective or even urgent 
 (cancer-related) thoracic surgery.

Patients with coronary artery disease are at particular 
risk for perioperative myocardial ischemia. Tachycardia and 
hypertension during the operation can increase cardiac work 
and decrease coronary blood flow leading to ischemia [57]. 
Implementation of b-adrenergic blocking agents should 
begin before a planned procedure and continue throughout 
the perioperative period. Intraoperative IV nitroglycerine 
dilates the coronary circulation and reduces cardiac stress to 
prevent myocardial ischemia. Patients with known CHF 
should have their fluid balance and hypertension well 
 controlled before any elective procedure.

Blood transfusions are associated with increased 30-day 
mortality, surgical-site infection, pneumonia, and sepsis [58] 
in general surgery patients, and an increased mortality, mor-
bidity, and cost in cardiac surgery patients [59]. However, in 
elderly populations with acute MI, blood transfusion is asso-
ciated with a lower short-term mortality rate when given to 
patients with a hematocrit less than 30% on admission [60]. 
Consequently, although current trends are justifiably toward 
a restrictive transfusion practice, a higher hematocrit may be 
needed in the elderly postoperative thoracic surgery patient 
with a MI.

Pulmonary Evaluation

Pulmonary complications account for the highest morbidity 
after thoracic procedures in all age groups. Especially at risk 
are patients with a history of smoking, reactive airway disease, 
and recent pneumonia. Smoking cessation can reduce surgical 

risk in as little as 2 weeks [61, 62]. Predicting pulmonary 
recovery relies on formal pulmonary function testing with 
both volume and flow studies and assessment of exercise capa-
bility and reserve. Among the various pulmonary function 
tests, FEV

1
 has shown good correlation with predicting mor-

bidity in thoracic surgery patients. An FEV
1
 >1.5 L predicted 

good outcomes in patients older than 70 years [63]. A pre-
dicted postoperative FEV

1
 <55% has been shown to be the 

strongest independent predictor of pulmonary complications 
after pulmonary resection [19]. Subsequently, using this pre-
dictor as exclusion criteria, pulmonary morbidity decreased 
from 33 to 9.8%, and mortality from 10 to 0% in elderly 
patients undergoing resection for lung cancer [19].

Exercise tolerance has also proved excellent in predict-
ing morbidity in elderly patients. Simply having the patient 
walk flights of stairs can give a valuable functional assess-
ment in the clinic. Brunelli and colleagues [4] studied 109 
patients over 70 years of age undergoing lobectomy for can-
cer. Patients who could climb more than four flights of stairs 
had a <20% cardiopulmonary complication rate, although 
those who could not climb at least three flights of stairs had 
a 57% complication rate [4]. Achieving an exercise capacity 
of only 2 min with a heart rate of 99 beats per minute can 
lower an elderly patient’s complication rate from 42 to 9%, 
and mortality rate from 7 to 1% [63]. A quantified measure-
ment of exercise capacity is a patient’s maximal oxygen 
consumption per kilogram body weight (VO

2
 max). A VO

2
 

max < 60% is an independent risk factor associated with 
higher cardiopulmonary morbidity and mortality after pul-
monary resection [64, 65].

Many groups have studied the effects of preoperative pul-
monary rehabilitation on patients undergoing lung volume 
reduction surgery (LVRS). A structured pulmonary rehabili-
tation program includes detailed one-on-one patient educa-
tion about the chronicity of their disease, instruction in 
respiratory and chest physiotherapy techniques, psychosocial 
support, and exercise training to promote muscle strengthen-
ing and aerobic endurance [66]. Most studies show only mini-
mal improvement in quantitative lung function testing. 
Six-minute walk distances, dyspnea, and patient-perceived 
pulmonary function all show improvement with pulmonary 
rehabilitation. Patients who show improvement with pulmo-
nary rehabilitation report a quicker return to activity, and 
some have sustained improvement in exercise capacity for up 
to 5 years postoperatively [67]. The NIH-sponsored National 
Emphysema Treatment Trial, which compared medical treat-
ment to LVRS in patients with severe emphysema, showed 
select patient groups experienced improved quality of life and 
increased exercise capacity after surgery [68]. A 2009 follow-
up study showed that twelve months after LVRS, patients 
during exercise show improved carbon dioxide elimination 
and dead space, improved respiratory rate and depth of breath-
ing, and reported less dyspnea (Borg dyspnea scale) [69].
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Intraoperative Approaches  
to Minimize Morbidity

Anesthesia

Physiologic changes seen in the elderly and their effects on 
drug bioavailability and side effect profiles can define the 
type and dose of agent used for anesthesia in the elderly 
patient. For instance, a decrease in total body water seen with 
aging leads to higher peak drug concentrations after bolus or 
rapid infusion [70]. The progressive decrease in cardiac out-
put observed in the elderly has many anesthetic consider-
ations. Lower tissue perfusion can lengthen the time required 
to transport drugs to tissues and delay the time-to-peak effect. 
A relative reduction in perfusion to organs such as the liver 
and kidneys can prolong a drug’s duration of action by slow-
ing metabolism and excretion [71]. Most anesthetic drugs 
have some degree of cardiac depressant activity, so the dose 
delivered must be reduced in the elderly. In a patient with 
CHF, using drugs such as midazolam or opioids that have 
minimal effects on cardiac contractility and heart rate can 
reduce the likelihood of hypotension or arrhythmia at induc-
tion [72, 73]. For patients with minimal cardiac functional 
reserve, tachycardia has deleterious effects. Avoiding drugs 
like pancuronium, which induce tachycardia, can help avoid 
cardiac ischemia [57]. Epidural anesthesia decreases periop-
erative cardiac stress and decreases tachycardia-induced 
 cardiac ischemia [74, 75].

Minimally Invasive Operation

The traditional posterolateral thoracotomy used for exposure 
in thoracic procedures involves a large incision from the ante-
rior midclavicular line to the transverse process of the verte-
brae and divides the serratus anterior, latissimus dorsi, and 
part of the trapezius muscles. This incision results in severe 
pain and splinting postoperatively, especially in elderly 
patients with limited pulmonary reserve. Two alternative 
approaches, the muscle-sparing open incision and video-
assisted thoracoscopic surgery (VATS), can minimize postop-
erative pain and speed recovery after thoracic procedures.

A muscle-sparing thoracotomy (MST) incision is usually 
between 8 and 10-cm long and located in the anterior axilla or 
anterior chest. The serratus anterior muscle fibers are split, not 
divided, and the latissimus dorsi muscle is retracted posteri-
orly to gain exposure to the thoracic cavity. The ribs are spread 
to the minimum amount to allow only instruments (i.e., chop-
stick operation), or for the surgeon to insert fingers or one 
hand into the chest. Although seroma formation appears higher 
in these patients as opposed to a standard thoracotomy [76], 

postoperative pain and muscle function are improved with 
MST [77, 78]. The number of lymph nodes sampled through 
MST and long-term outcomes for lung cancer are equivalent 
stage-for-stage to those obtained with a standard posterolateral 
thoracotomy. When VATS, MST, and standard posterolateral 
thoracotomy were compared, posterolateral thoracotomy 
patients showed marked impairment in vital capacity up to 
24 weeks postoperatively, and in 6-min walk distance com-
pared with VATS and MST groups [79].

Reported benefits from VATS include decreased postop-
erative pain [73], improved pulmonary function tests [80, 81], 
and decreased cytokine release [80, 82]. VATS is ideally 
suited to treat nonneoplastic conditions such as bullous dis-
ease, decortication, chronic pleural effusion, and wedge 
biopsy of unknown pulmonary nodules. Operative times for 
these procedures average less than 1 h and length of stay is 
between 2 and 4 days [83] in patients over 80 years, signifi-
cantly less than open procedures. Major morbidity, such as 
postoperative bleeding, air leak requiring hospitalization, and 
prolonged ventilatory support, can be reduced from between 
11 to 30 to 5% and perioperative mortality is 2–5% [83, 84].

Equivalent results between VATS and conventional thora-
cotomy have been reported for local tumor control rates and 
1 and 3-year survival for stage I and II disease [85–89]. 
Reluctance to use VATS for early lung cancer treatment 
results from a lack of long-term data on local recurrence 
rates and overall survival. In addition, there has been no pro-
spective randomized trial comparing VATS or robot-assisted 
surgery to conventional thoracotomy [90]. A cohort study of 
over 12,000 patients from the SEER Medicare database 
showed that the use of VATS segmentectomy or lobectomy 
for early stage lung cancer increased from 1 to 9% from 1994 
to 2002. When compared with thoracotomy, VATS was not 
associated with a difference in long-term survival [91]. In one 
prospectively kept database, VATS was used for clinical 
stage IA lung cancer with a conversion rate of 18% (others 
report 14% [92]), shorter hospital stays by 2 days (p < 0.001), 
fewer complications (p = 0.06), and similar 5-year survivals 
(p = 0.08 on intent-to-treat analysis) [93]. For elderly patients, 
VATS offers improved morbidity over open thoracotomy for 
treatment of early lung cancer or benign thoracic disease.

Outcomes

Previously published morbidity and mortality rates for 
 pulmonary resections in the elderly led many to believe age 
itself was a prohibitive factor [94, 95]. In the 1960s and 1970s, 
morbidity rates of 40–50% and mortality rates of 20–30% for 
pulmonary resections in the elderly were discouraging [96]. 
Over the last three decades, morbidity and mortality rates 
have steadily declined, although complication and death rates 
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still do not equal those for younger patients. Improvements in 
imaging and preoperative staging help to better select patients 
with potentially curable disease. The quality of ICU care and 
improved perioperative monitoring has also influenced out-
comes for the elderly. Overall, perioperative mortality rates in 
the ICU have declined from >20% in the 1960s to around 
10% in the 1970s, and 5% in the past 20 years [97–100]. 
Mortality after lung resection in patients older than 70 years 
of age has declined steadily from upwards of 11% in the 
1970s [101] to anywhere from 0–5% in most series over the 
last two decades (Table 40.2). Recent series that report higher 
mortality rates (7–16%) attribute death to a high incidence of 
cardiovascular disease, pulmonary disease, or advanced stage 
lung cancer (requiring extended resection or pneumonec-
tomy) [3]. Age alone is not an independent risk factor for 
mortality in the absence of comorbidities [102–104]. Survival 
in the elderly for thoracic procedures based on stage of dis-
ease and extent of resection have shown mixed results. 
Mortality rates for pneumonectomy continue to be highest 
among the elderly, varying between 12 and 20% [105–107]. 
The British Thoracic Society and other authors have cited 
these results in recommendations against pneumonectomy in 
the elderly [101, 108, 109]. Continuous monitoring capabili-
ties, improved cardiovascular pharmacotherapies, and gentle 

mechanical ventilation strategies have played a role in 
improving perioperative care. Introduction of the pulmo-
nary artery catheter was heralded as a great breakthrough in 
the early 1970s, but critical analysis has failed to show 
improved outcomes. In fact, many speculate it has contrib-
uted to poorer results from overtreatment of the numbers 
[110]. Routine use of the pulmonary artery catheter is not 
warranted in the elderly, but pulmonary artery monitoring 
is beneficial in select patients with cardiopulmonary 
comorbidities.

Morbidity after thoracic procedures is a direct function of 
the patient’s preoperative comorbidities, length of operation, 
and extent of operation. In younger patients, the most com-
mon complications are usually pulmonary in nature and 
include atelectasis, prolonged air leak, and prolonged venti-
latory support occurring in 7–18% of patients. Morbidity in 
the elderly population is usually divided into minor (non–
life-threatening) and major (life-threatening) complications 
(Table 40.3). Minor complications, including atelectasis, 
bronchospasm, hemodynamically stable arrhythmia, and 
prolonged air leak, are reported to occur between 10 and 
57% in patients over 65 years of age [7, 101, 116, 122, 131]. 
Major complications, including myocardial infarction, pul-
monary embolus, stroke, acute limb ischemia, and arrhythmia 

Table 40.2 Thirty-days morbidity and mortality in patients >70-years-old after lung resection for non-small cell lung cancer

Author n Year Morbidity (%) Mortality (%)

Ishida et al. [111] 167 1990 21 3
Roxburgh et al. [112] 43 1991 NA 7
Thomas et al. [113] 47 1993 38 13
Gebitekin et al. [114] 145 1993 19 9
Massard et al. [103] 210 1996 NA 7
Morandi et al. [102] 85 1997 55 1
Ciriaco et al. [115] 76 1998 19 1
Thomas et al. [116] 500 1998 57 7
Pagni et al. [117] 385 1998 34 4
Hanagiri et al. [118] 18 1999 50 0
Oliaro et al. [119] 258 1999 39 3
Sioris et al. [120] 75 1999 29 9
Dyszkiewicz et al. [105] 90 2000 58 (non-pneumonectomy)

79 (pneumonectomy)
 0 (non-pneumonectomy)
16 (pneumonectomy)

Aoki et al. [121] 35 2000 60 0
Conti et al. [122] 151 2002 10 3
Birim et al. [7] 126 2003 57 minor, 13 major 3
Brock et al. [123] 68 2004 44 9
Port et al. [124] 61 2004 38 2
Sawada et al. [125] 73 2005 NA 4
Matsuoka et al. [126] 40 2005 20 0
Sullivan et al. [127] 25 2005 48 1
Sirbu et al. [128] 273 2005 48 5
Cerfolio [129] 726 2006 20 2
Berry et al. [130] 338 2009 47 4
NA not available electronically or not recorded; some citations from Table 1 in Pallis [3], all data independently verified
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requiring cardioversion, occur between 11 and 38% in patients 
over 65 years of age [7, 101, 116, 131]. Risk factors for post-
operative cardiopulmonary morbidity include  myocardial 
infarction within 6 months, preoperative use of supplemental 
oxygen, low FEV

1
, and smoking history.

Stage of lung cancer is still the most important factor in 
determining long-term survival in the elderly [102, 116]. 
Stage-for-stage results in the elderly are comparable with 
those for the general population of thoracic-operation patients 
with early disease. Elderly patients with Stages I and II disease 
should be considered for operation as first-line therapy. For 
patients over 70 years of age, 5-year survival for Stage I  disease 
ranges from 57 to 79% [101, 116, 132], compared with 70% 
for younger patients. Elderly patients with more advanced 
lung cancer do not show comparable long-term survival after 
surgical resection. Five-year survival for Stage III disease 
ranges from 0 to 15% and is an independent risk factor for 
poor long-term outcomes [7, 101]. However, given the absence 
of prospective data that verify decreased survival due to lung 
cancer-attributable death in the elderly, age alone should not 
exclude individuals from extended resection. Competing ther-
apies, especially stereotactic radiotherapy, show promise. In 
one series of 38 octogenarians with Stage I NSCLC, stereotac-
tic radiotherapy achieved survival of 65% at 1 year and 44% at 
2 years; local tumor control was 100% at 2 years [133]. While 
prospective trials are ongoing, stereotactic radiotherapy is an 
alternative treatment for high-risk surgical candidates [134].

For patients with esophageal cancer, age alone has been 
shown to be an independent risk factor for poor outcomes. 
Patients over 70 years tend to have a higher mortality rate 
after esophagectomy when compared with younger patients 
[135]. The Veterans’ Administration analyzed the largest 

patient cohort to date and found that in over 1,700 
esophagectomies, advanced age was among the indepen-
dent risks factors predicting a higher rate of pulmonary 
morbidity and mortality [136, 137]. A patient’s poor preop-
erative performance status has also been shown to correlate 
with increased cardiopulmonary morbidity after esophagec-
tomy in the elderly, thereby prompting many to advocate a 
period of cardiopulmonary rehabilitation before esophagec-
tomy in select patients [136, 137].

Pain Management

A physician’s bias toward the elderly patient’s perception of 
pain is associated with many misconceptions. The elderly are 
often incapable of complaining of pain, because of intubation 
or cognitive impairment ,or they simply do not report pain for 
fear of being a “bad patient,” or becoming addicted to pain 
medication [138, 139]. Physicians may perceive this as evi-
dence that elderly patients are not feeling pain, or that they 
feel less pain than younger patients after similar procedures 
[140]. Many physicians believe either a higher incidence of 
respiratory compromise follows administration of pain medi-
cine in older patients, or they require less pain medication to 
treat the same amount of pain seen in younger patients. In 
fact, these misconceptions have caused untreated pain to be 
the most frequent complaint in hospitalized elderly patients. 
The hospitalized elderly longitudinal project reported 45% of 
hospitalized patients felt their pain was undertreated, and 
53% of patients continued to experience considerable pain  
1 year after discharge from the hospital [141].

A surgeon should be aware of the psychological aspects 
of pain and age-related physiologic changes that affect drug 
distribution and metabolism to adequately treat pain. With 
aging, the body loses muscle mass and increases body fat, 
resulting in overall loss of total body water and a smaller 
volume of distribution for drugs [142]. The loss of adequate 
compensatory mechanisms of the cardiovascular system 
leads to slower delivery of drugs to the liver and kidneys for 
metabolism. Renal mass and blood flow are reduced with 
aging, which can alter metabolism and excretion of drugs 
and drug metabolites [143]. These age-related changes lead 
to higher circulating plasma drug levels with longer duration 
of action and potential side effects [142, 144]. Pain has a 
strong psychological component. Inadequately treated pain 
can lead to depression and anxiety and ultimately prolong 
hospital stay. Many physicians are reluctant to give elderly 
patients pain medicine for fear of causing cognitive impair-
ment; postoperative delirium is less frequent in elderly who 
have lower pain scores [145].

Adequate postthoracotomy pain control not only increases 
patient satisfaction but can decrease morbidity and mortality. 

Table 40.3 Common complications arising in patients aged 70 years 
or older after thoracic procedures

Complication %

Minor
Supraventricular arrhythmia 13–30
Prolonged air leak 7–21
Atelectasis 2–7
Pneumonia 2–6
Urinary infection 5–6
Chylothorax 1–11
Recurrent nerve injury 1–6

Major
Prolonged mechanical ventilation 1–12
Myocardial infarction 2–3
Bronchopleural fistula 1–8
Empyema 1–5
Cardiac failure 1–2
Ventricular arrhythmia 1–2
Pulmonary embolism 1–3
ARDS <1
Stroke <1
Renal failure <1
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Numerous intermittent or on-demand approaches to pain 
management have proved to be ineffective. These include 
intermittent IM narcotic injection, interpleural analgesia, and 
postoperative intercostal nerve block [146]. Continuous 
 epidural anesthesia has been associated with a lower 
 incidence of pulmonary embolism, deep vein thrombosis, 
respiratory depression, and pulmonary complications [147, 
148]. In addition, adequate pain relief allows patients to 
become mobile earlier in the recovery period. A recom-
mended method for controlling postoperative pain is contin-
uous  epidural anesthesia followed by IV narcotic 
administration through a patient-controlled analgesia device 
[146, 149]. Figure 40.2 illustrates an algorithm for postthora-
cotomy pain management based on the use of epidural and 
regional anesthesia to provide adequate postoperative pain 
relief and encourage early ambulation while minimizing 
respiratory depression and sedation.

Neurocognitive Dysfunction

Cognitive dysfunction has been increasingly recognized as a 
postoperative complication after thoracic and other noncar-
diac operations [150]. Postoperative cognitive impairment 
can be classified into postoperative delirium (PD) or post-
operative neurocognitive disorder. PD is characterized by 

fluctuating levels of consciousness and abnormalities in 
memory and perception that are temporary, lasting 30 days 
or less [151]. With PD, emotional disturbances can be promi-
nent with labile symptoms of anxiety, fear, anger, and depres-
sion [152]. Postoperative neurocognitive disorder is a 
condition characterized by impaired concentration, language 
comprehension, and social integration, which can become 
evident days to weeks after the operation and may become 
permanent [153]. Many of these patients lose their ability to 
live independently and are ultimately discharged to long-
term care facilities.

Incidence of PD in the elderly varies widely from 3 to 
50% and its cause is believed to be multifactorial [151]. 
Several theories about the pathophysiologic mechanisms of 
PD are being studied. Some suggest a reduced cerebral oxi-
dative metabolism may lead to abnormalities in the levels of 
neurotransmitters, such as cerebral acetylcholine, which has 
been implicated in the regulation of memory and alertness 
[154, 155]. Also, perioperative alterations in stress hormones, 
such as reduced thyroid hormone, increased cortisol, and 
cytokine release, may alter amino acid and neurotransmitter 
concentrations, thereby provoking PD [156]. Risk factors for 
PD include preoperative factors such as severe illness, 
impaired cognitive functioning, physical debilitation, and a 
history of dementia [157, 158]. Advanced age has consis-
tently been found to be an independent risk factor for PD 
[158]. Perioperative factors associated with PD include 

Fig. 40.2 Algorithm for post-thoracotomy pain control emphasizing epidural and regional anesthesia (Reprinted from Savage et al. [146], with 
permission from Elsevier)
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intraoperative blood loss, low postoperative hematocrit, 
 electrolyte abnormalities, and sepsis. Perioperative hypox-
emia, hypotension, and general anesthesia have not been 
shown to increase incidence of PD [159].

Treatment of PD should focus on identifying organic 
causes, including electrolyte abnormalities, hypoxemia, pain, 
sepsis, dehydration, and malnutrition. Supportive care should 
be administered to provide the best chance for recovery. 
Prevention provides the most effective strategy for lowering 
the incidence of PD. Protocols that provide cognitive stimu-
lation, adequate sleep, early mobilization, and reduced sen-
sory deficit have been shown to lower the incidence of PD 
[160, 161]. Optimizing a patient’s general medical and phys-
ical condition preoperatively, maintaining adequate oxygen-
ation, blood pressure, and electrolyte balance intraoperatively, 
and early recognition and treatment of postoperative compli-
cations and pain can also lower the incidence of PD.

Postoperative cognitive disorder (POCD) differs from PD 
in that memory loss and behavior changes associated with 
this condition do not fluctuate and may last months or years. 
Incidence of POCD in elderly patients is debated as methods 
for diagnosis are unreliable. Risk factors are similar to those 
for PD and preventative measures such as eliminating preop-
erative medications that impair cognitive function, maintain-
ing adequate perfusion and oxygenation intraoperatively, 
and education of patients and family are key issues to mini-
mizing neurocognitive complications in the elderly.

End-of-Life Issues

Most patients would rather maintain an independent lifestyle 
rather than gain a few months or years of life in a debilitated 
state [101]. When assessing the risk–benefit ratio for an 
elderly patient, a surgeon must consider the predicted life 
expectancy of the patient and quality of life after interven-
tion. The patient should be aware of the specific risks related 
to a patient’s age and comorbidities, and the potential need 
for rehabilitation services or nursing home care postopera-
tively. The average hospital stay for patients over 70 years is 
between 7 and 12 days [101, 123], and has decreased as more 
minimally invasive procedures are performed. Although 
90–95% of elderly patients are expected to return to their 
preoperative lifestyle, 5–7% of patients will need some form 
of long-term care assistance [101, 123]. Health care costs 
should be discussed with the patient. Approximately 6% of 
Medicare patients over 65 years of age account for 28% of 
all Medicare costs, with 77% of these expenditures occurring 
in the last year of life and 40% in the last month of life [162, 
163]. Death and dying discussions facilitate the transition 
from lifesaving treatment to palliative comfort care should it 

become necessary. Patients should be encouraged to take 
control of end-of-life decisions and relieve the burden from 
their families by establishing an advanced directive to physi-
cians outlining the care they desire. Physicians, on the other 
hand, must recognize when treatment is becoming futile, and 
resist the temptation to proceed with invasive and heroic 
measures late in the disease course. Candid discussions pre-
operatively between patient, physician, and family can help 
assure patients preserve their autonomy in medical decisions, 
preserve their right to die with dignity, and eliminate a 
 “pull-the-plug” decision from their family.
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Abstract Adjuvant chemotherapy improves 5-year survival 
after resection of nonsmall cell lung cancer by approxi-
mately 10%. Adjuvant therapy is most appropriate for 
patients with node-positive disease (N1 or N2) or a primary 
tumor greater than 4 cm. The best available data suggests 
that the elderly, certainly those between ages 65 and 75, 
accrue a benefit similar to younger patients, despite inferior 
dose delivery. However, data are sparse for those above the 
age of 75. Although platinum doublets have been accepted 
as a standard of care, no consensus has emerged as to the 
best optimal agent to be partnered with the platinum drug. 
For younger patients with good kidney function and normal 
hearing, cisplatin remains the platinum drug of choice. For 
the elderly, carboplatin must often be substituted. Clinical 
trials evaluating new targeted agents and molecular mark-
ers are ongoing and should shed further light on the best 
approaches to the elderly.

Keywords Adjuvant • Elderly • Chemotherapy • JBR.10  
• LACE • Cisplatin • Carboplatin • Vinorelbine • Docetaxel  
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Introduction

Despite advances in therapy, lung cancer remains one of the 
most lethal malignancies, even in early stage. Less than half 
of patients treated with definitive surgery will survive their 
disease [1], with similar survival regardless of age [2]. As 
lung cancer is predominantly a disease of the elderly, with 
68% of newly diagnosed patients at least 65 years of age [1], 
the elderly, proportionately, suffer the greatest impact from 
lung cancer and can potentially benefit the most from 
improvements in treatment.

The demonstration of a survival advantage from adjuvant 
chemotherapy is relatively new. An early metaanalysis 
assembled in the mid 90s of 4,457 patients treated with either 
surgery or surgery plus chemotherapy suggested a 5% bene-
fit to adjuvant therapy [3] leading to several large adjuvant 
trials. This metaanalysis stimulated the International 
Adjuvant Lung Trial (IALT), which randomized 1,867 
patients between 1995 and 2001 to the treating physician’s 
choice of several cisplatin-based chemotherapy regimens vs. 
no adjuvant therapy [4]. Patients were required to be between 
18 and 75 years of age, and stages I–III were allowed; the 
mean age was 59. This trial remains the largest in the adju-
vant therapy of nonsmall cell lung cancer (NSCLC), and it 
demonstrated a 4.1% absolute survival at 5 years, similar to 
the metaanalysis. As the trial was adequately powered, the 
differences proved statistically significant.

Other concurrent trials did not demonstrate a significant 
advantage to adjuvant chemotherapy, and so controversy 
ensued. The Adjuvant Lung Cancer Project Italy (ALPI) [5] 
randomized 1,209 patients with stage I–III disease to either 
no systemic therapy or the combination of cisplatin, mitomy-
cin, and vindesine (MVP). The MVP regimen proved inef-
fective, and the authors concluded that more active regimens 
were needed. Similarly, the Big Lung Trial, which also 
allowed stage I–III disease and a variety of chemotherapy 
regimens, failed to demonstrate a survival advantage [6].

However, more recent trials have shown a survival 
advantage. The Adjuvant Navelbine International Trialist 
Association (ANITA) trial enrolled patients with stage IB–III 
disease, but allowed only cisplatin and vinorelbine [7]. This 
trial of 840 patients demonstrated an 8.6% survival advan-
tage at 5 years, with benefit essentially restricted to patients 
with node (+) disease. The JBR.10 trial was more restricted 
with respect to pathologic staging [8]. Inclusion criteria 
specified stage pT2pN0 or pT1-2N1 disease and all patients 
randomized to adjuvant therapy received up to four cycles of 
cisplatin and vinorelbine. Four hundred and eighty-two 
patients were randomized between 1994 and 2001, and the 
results remain the best demonstrated in a large phase III trial: 
an 11% survival advantage at 5 years [9]. The benefit was 

J. Weiss (*) 
Thoracic, Head and Neck Cancer Programs,  
Division of Hematology / Oncology, 170 Manning Drive,  
Room 3115, Campus Box 7305, Chapel Hill, NC 27599 USA 
e-mail: jared_weiss@med.unc.edu

Chapter 41
Adjuvant Therapy for Lung Cancer in the Elderly

Jared Weiss and Corey J. Langer 



498 J. Weiss and C.J. Langer

restricted to node positive disease, with a strong trend toward 
benefit in node-negative disease >4 cm (5-year overall sur-
vival of 79% vs. 59%, p 0.13).

The divergent results of these trials have resulted in sus-
tained therapeutic controversy. Thus, the Lung Adjuvant 
Cisplatin Evaluation (LACE) metaanalysis pooled individual 
patient results from these five trials, combining a total of 
4,584 patients. In aggregate, a 5-year absolute benefit of 
5.4% from chemotherapy was observed. Benefit was signifi-
cantly different by stage (HR for stage IA 1.4, HR for stage 
IB 0.93, HR for stage II 0.83, HR for stage III 0.83). Those 
with stage IA disease actually had a survival decrement, 
while those with node (+) disease experienced a statistically 
significant improvement in survival. There was a trend for 
greater benefit from vinorelbine-based therapies (HR for 
vinorelbine adjuvant therapy 0.8, HR for etoposide or vinca 
alkaloid therapy 0.92, and HR for other 0.97); the confidence 
intervals for those receiving vinorelbine did not cross unity, 
denoting a statistical advantage. There was no interaction 
between chemotherapy effect and age.

Cancer and leukemia group B (CALGB) 9633 was contem-
poraneous with LACE and is important for two reasons: it was 
the only major adjuvant trial to utilize carboplatin instead of 
cisplatin, and it exclusively enrolled early stage disease; only 
patients with stage IB were eligible. Although the trial initially 
reported a 12% four-year survival advantage (p = 0.028) [10], 
it “turned negative” with subsequent follow-up with the p value 
rising to 0.10, although the HR of 0.83 reported in later follow-
up was consistent with the HRs of better powered trials such 
as ANITA and IALT [11]. In an unplanned subgroup analysis 
of patients with tumors greater than 4 cm the survival  benefit 

remained  significant (p = 0.04) with a HR of 0.66. A similar 
analysis of JBR.10 in patients with T2N0M0 also suggested 
that 4 cm was the crucial cut-off with an identical HR of 
0.66 for those receiving chemotherapy with vinorelbine and 
cisplatin compared with observation. Those with T2N0 tumors 
under this size derived no benefit whatsoever from adjuvant 
chemotherapy. Although the relative merits of cisplatin vs. car-
boplatin remain controversial, there has been general accep-
tance of 4 cm, as a cutoff for adjuvant therapy, The ongoing 
Eastern Cooperative Oncology Group (ECOG) 1505 trial 
requires either this T size or node positivity for eligibility [12].

Ultimately, a consensus has emerged to recommend 
 adjuvant therapy for stage IB tumors 4 cm and larger, and for 
any node positive disease after R0 resection. Although the 
degree of  absolute benefit is uncertain, it is probably close to 
10% with the use of optimal modern chemotherapy regimens 
and  appropriate patient selection. These trials are reviewed 
in Table 41.1.

Elderly-Specific Data

Although lung cancer is largely a disease of the elderly, clini-
cal trials of adjuvant therapy have frequently included age 
cutoffs or failed to accrue the elderly [13]. Both the ANITA 
and IALT trials explicitly excluded patients over the age of 
75. Further, there is a paucity of elderly-specific trials. Thus, 
the oncologist must question the applicability of the general 
trial results to elderly patients. Subgroup analyses to date 
suggest that the findings are indeed applicable.

Table 41.1 Select relevant adjuvant trials in NSCLC

Trial Regimen Stage N Survival adjuvant group Survival control group

ANITA CDDP + Vinorelbine I 36% 840 65.7 months 43.7 months
II 22%
IIIa 41%
IIIb-IV <1%

JBR.10 CDDP + Vinorelbine IB 45% 242 94 months* 73 months
II 55%

IALT CDDP + Choice of Etoposide,  
Vinorelbine, Vinblastine, Vindesine

I 36.5% 1,867 2 year OS of 70.3%* 2 year OS of 66.7%
II 24.2% 5 year OS of 44.5%* 5 year OS of 40.4%
III 39.3%

ALPI Mitomycin C + Vindesine + Cisplatin (reported for  
adjuvant group)

1,209 55.2 months* 48 months

I 39%
II 31%
IIIa 29%

Big lung CDDP + Videsine or Mitomycin +  
Ifosfamide + Cisplatin or  
Mitomycin + Vinblastine +  
Cisplatin or CDDP + Vinorelbine

Stage I 27% 381 33.9 months 32.6 months
Stage II 38%
Stage III 34%

CALGB 9633 Carboplatin + Paclitaxel All had stage IB 344 95 monthsa 78 months
* Statistically significant
a Significant only in subgroup >4 cm
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JBR.10 provides the best data to address the merits of 
adjuvant therapy in the elderly. Of the 482 patients random-
ized in JBR.10, 155 were above 65 years of age and 327 were 
below 65 [14]. The hazard ratio for survival in the elderly 
was 0.61, comparable with that of younger patients, 0.77. 
This translates into an 8% overall survival advantage at 5 years 
[15]. Results for overall survival (OS) and disease free 
survival (DFS) are shown in Fig. 41.1. Dose-delivery was 
inferior in the elderly with fewer delivered doses of cisplatin 
and vinorelbine as well as a lower rate of treatment comple-
tion and a higher rate of treatment refusal. Nonetheless, there 
were no significant differences in toxicities, hospitalizations, 
or treatment-related death by age group. As would also be 
expected in the general population, the younger patients on 
average lived longer than the older patients, with the effect 
particularly pronounced in those above 75 years of age. The 
results for the above 75 group must be interpreted with 
 caution. The poor survival was not echoed by the disease- 
specific survival, suggesting that the results may not have 
been due to failure of adjuvant therapy; further, the numbers 

analyzed are small with only 23 patients over the age of 75. 
Thus, the safety and efficacy of adjuvant chemotherapy in 
those over 75 years of age must be considered relatively 
unaddressed by existing data.

Subgroup analyses from the two major metaanalyses sup-
port the conclusions of the elderly subgroup analysis of 
JBR.10. The 2000 update to the Non-small Cell Lung Cancer 
Collaborative Group metaanalysis [16] showed similar haz-
ard ratios for improved survival with adjuvant chemotherapy 
regardless of age: 0.87 for less than 54 years, 0.89 for 55–59 
years, 0.83 for 60–64 years, and 0.86 for more than 64 years. 
In this analysis, poor performance status (PS) did not predict 
less benefit from adjuvant chemotherapy. In fact, patients 
with poor PS paradoxically derived greater benefit (OR 0.54) 
when compared with those with good PS (OR 0.89), suggest-
ing that even poor PS should not represent an absolute con-
traindication to appropriate therapy.

Subgroup analysis from LACE [17] reached similar con-
clusions. In LACE, 901 patients (20%) were aged 60–65 
years and 414 (9%) at least 70 years. Elderly patients did not 

Fig. 41.1 Overall and disease-specific survival by treatment arm from 
JBR.10. (Reprinted with permission from Pepe, C. et al. J Clin Oncol; 
25:1553–1561 2007. © 2007 American Society of Clinical Oncology. 

All rights reserved). Overall survival by treatment arm (A) age > 65 and 
(B) £ 65 years; disease-specific survival by treatment arm (C) age > 65 
and (D) £ 65 years
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suffer greater toxicity from therapy than their younger peers 
on any measure. Although the survival advantage was numer-
ically smaller for the elderly, at a hazard ratio of 0.86 for 
those <65, 1.01 for 65–69 and 0.9 for at least 70 years, there 
was no interaction, or even trend for interaction between age 
and treatment effect for OS. Further, hazard ratios for event-
free survival were even similar by age: 0.82 for the young, 
0.9 for the mid-category, and 0.87 for elderly patients. 
Although elderly patients died more frequently of non-lung 
cancer-related causes (12% young, 19% mid-category, 22% 
elderly), they derived similar benefit from adjuvant therapy 
with respect to cancer-specific survival.

Neoadjuvant Therapy

Multiple theoretical arguments support the use of  neoadjuvant 
therapy rather than adjuvant therapy for chemotherapy can-
didates. The majority of surgically resected patients will ulti-
mately succumb to systemic disease; earlier application of 
chemotherapy may improve systemic control leading to 
improved survival. Chemotherapy delivery may be better 
through intact tumor vasculature before surgical resection. 
Reduction in tumor volume using neoadjuvant chemotherapy 
may facilitate complete surgical resection. The presence of 
visible disease allows for assessment of response and poten-
tial change of chemotherapy for those who do not respond to 
initial therapy. Finally, and perhaps most importantly for the 
elderly, neoadjuvant therapy allows for superior chemother-
apy delivery as patient functional status is typically better in 
the preoperative period.

Three major trials and a metaanalysis have addressed the 
question of neoadjuvant therapy. Among the three trials, only 
the neoadjuvant or adjuvant chemotherapy in patients with 
operable nonsmall-cell lung cancer (NATCH) trial [18] 
included arms with surgery alone, neoadjuvant therapy, and 
adjuvant therapy. This trial randomized 624 patients with 
stage IA >2 cm to T3N1 disease to surgery, neo-adjuvant car-
boplatin and paclitaxel or adjuvant carboplatin and paclitaxel. 
Median age was 64 years. As expected, dose delivery was 
superior in the neoadjuvant arm with 90% of patients receiv-
ing all three planned cycles, compared with 61% in the adju-
vant arm. Operative mortality was similar in all three arms. 
DFS trended toward superiority in the neo-adjuvant arm at 
32 months when compared with that of 25 months in the 
surgery alone arm (HR 0.92, p 0.176) and 24 months in 
the adjuvant arm (HR for comparison to surgery alone arm 
0.96, p = 0.73). However, median overall survival was 
comparable in all three groups: 49 months for surgery alone, 
50 months with adjuvant therapy, and 55 months with neo-
adjuvant therapy (HR 0.96 for comparison of neoadjuvant 
chemotherapy to surgery alone with p = 0.56). The rates of 

pneumonectomy and  surgical mortality were similar in each 
of the three groups. No elderly subgroup data were presented.

The two other major phase III trials evaluating neoadju-
vant chemotherapy were aborted prior to full accrual when 
adjuvant chemotherapy became the standard of care [19]. 
Southwest Oncology Group (SWOG) 9900 compared sur-
gery alone to surgery preceded by three cycles of carboplatin 
and paclitaxel in patients with IB-IIIA disease. Out of 600 
planned patients, 354 patients were accrued. Median age was 
66 years and 79% of patients completed all three cycles. 
There was a strong trend toward superior median progression-
free survival with neoadjuvant therapy, at 33 months, compared 
with 21 months with surgery alone (HR 0.77, p = 0.07). 
Median overall survival also trended toward superiority in 
the induction arm: 75 months compared with 46 months with 
surgery alone (HR 0.81, p = 0.19). The rate of pneumonec-
tomy was not different between the two arms. No elderly-
specific data were presented. The Ch.E.S.T. study [20] 
compared three preoperative cycles of gemcitabine and cis-
platin to surgery alone. With 270 of 700 planned patients 
accrued, PFS and OS trended toward superiority for the 
neoadjuvant arm (3 year PFS 53% and 48% with p = 0.11 
and 3 year OS 67 and 60%, p = 0.053, respectively). No elderly-
specific data were presented. A metaanalysis of 31 random-
ized trials including more than 10,000 patients showed 
equivalent results for neoadjuvant and adjuvant therapy with 
a hazard ratio for overall survival of 0.8 for postoperative 
chemotherapy (p < 0.001), 0.81 for preoperative chemo-
therapy (p = 0.024) and 0.99 for relative hazards comparing 
postoperative with preoperative chemotherapy (p 0.90) [21]. 
Again, no elderly-specific data were included.

Choice of Chemotherapy Regimen  
in the Elderly

No single regimen has been accepted as the standard of care 
for adjuvant therapy. At the time of the LACE metaanalysis, 
the regimen of cisplatin and vinorelbine had a greater amount 
of data behind it as well as hints of superior efficacy. Forest 
plots in LACE showed a greater survival advantage for cisplatin 
and vinorelbine compared with other regimens in the analysis. 
Further, the two trials in the analysis that allowed only cisplatin 
and vinorelbine (ANITA and JBR.10) were the most positive. 
For many oncologists, this regimen has set the standard for 
comparison, and for many it remains the standard of care.

No major trials have compared cisplatin doublets in the 
adjuvant setting; as a result, many oncologists have extrap-
olated from the metastatic setting. The TAX326 [22] study 
compared cisplatin and vinorelbine with cisplatin and doc-
etaxel; in the palliative setting, there were trends toward 
improved response rate (31.6% vs. 24.5%, p 0.029), overall 
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survival (11.3 months vs. 10.1 months, p = 0.044), and 
 quality of life (p = 0.064 for lung cancer symptom scale and 
p = 0.016 for EuroQol) for cisplatin and docetaxel compared 
with cisplatin and vinorelbine. Subgroup analysis of 401 
elderly (65 years of age) patients revealed a larger effect, 
with 12.6 months median survival for the elderly treated with 
cisplatin and docetaxel compared with 9.9 months for 
patients treated with cisplatin and vinorelbine (p value not 
provided in abstract) [23]. A small retrospective study from 
the University of Pennsylvania supports feasibility and effi-
cacy for this regimen in the adjuvant setting [24].

A recent Eli Lilly sponsored trial compared cisplatin plus 
pemetrexed with cisplatin plus gemcitabine in the palliative 
setting. Although survival was similar for the two regimens 
at 10.3 months [25], subgroup analysis showed superior sur-
vival for gemcitabine in patients with squamous-cell carci-
noma and superior survival for pemetrexed for patients with 
nonsquamous cell cancer. To date, one phase II study [26] 
has demonstrated excellent dose-intensity and low toxicity 
for cisplatin plus pemetrexed in the adjuvant setting, and the 
neo-adjuvant Ch.E.S.T. [20] data support the efficacy and 
feasibility of cisplatin plus gemcitabine in the neoadjuvant 
setting.

Cisplatin doublets will likely never be directly compared 
with each other. Any differences would be small in magni-
tude compared with the potential gains from novel agents. 
This philosophy is reflected in the ongoing ECOG 1505 
study, which allows the investigator’s choice of cisplatin 
doublet with patients randomized to receive concurrent beva-
cizumab or observation. Third generation cytotoxic partners 
for cisplatin include vinorelbine, docetaxel, gemcitabine, 
and pemetrexed. Each of these regimens may be considered 
a reasonable standard of care.

The lack of data for optimal regimen extends to choice of 
platinum agent. Most of the iconic trials demonstrating a 
benefit for adjuvant chemotherapy utilized cisplatin, leading 
many oncologists to consider it the standard of care. The 
major exception was CALGB 9633, which initially reported 
a 12% four-year survival advantage [10], but lost statistical 
significance with further follow-up, with a final p value of 
0.10 and HR of 0.83 [27]. As a result, the notion of including 
carboplatin-paclitaxel as a therapeutic option in the adjuvant 
E1505 trial was abandoned before the study opened, even 
though the benefit of bevacizumab in advanced NSCLC was 
proven in the context of the platform regimen of carboplatin 
and paclitaxel. Some oncologists agreed with this action, cit-
ing data from the metastatic setting suggesting superior effi-
cacy for cisplatin [28]. Others note the modest nature of this 
benefit and the substantial toxicity of cisplatin, including 
renal toxicity, nausea, ototoxicity, neurotoxicity, fatigue, and 
neuropathy. Further, the large fluid loads required for cispla-
tin administration can be difficult for patients with cardiac or 
pulmonary comorbidity. As these comorbidities tend to be 

more common in the elderly, [29] the utility of cisplatin in 
many elderly patients is limited. In practice, the fit elderly 
who are cisplatin eligible should be treated with cisplatin, 
and those unable to receive it should be considered for carbo-
platin-based therapy. Of note, carboplatin is more marrow-
suppressive than cisplatin, but the therapeutic index it 
enhanced through the use of area under the curve (AUC) 
dosing, which accounts for weight and creatinine clearance. 
There is very likely no advantage to pursuing a nonplatinum 
doublet in this setting.

Conclusions

The elderly patient with good functional status and good 
organ function status post R0 resection should be treated 
similarly to a younger patient. This means treatment with a 
cisplatin doublet, with a clinical trial offered, if available. At 
the time of publication, the authors are routinely offering 
their patients treatment on ECOG 1505. We counsel our 
patients extensively regarding the controversy over doublet 
choice. Most elderly patients with adenocarcinoma choose 
pemetrexed, based on its favorable side effects profile. Most 
of our fit elderly patients with nonadenocarcinoma histology 
are treated with cisplatin and docetaxel. We consider adju-
vant cisplatin plus gemcitabine and cisplatin plus vinorelbine 
to be equally reasonable regimens. For the fit patient, there is 
no clear superiority or inferiority for neoadjuvant therapy at 
this time. For patients in whom the toxicity of cisplatin is 
unacceptable, we routinely employ carboplatin.

Molecular markers are being actively studied to predict 
chemotherapy benefit. In particular, patients with ERCC1 
positivity may not benefit from cisplatin therapy [30]; addi-
tional markers, such as RRM1 and TS are also being studied 
[31–34]. If any of these markers are confirmed to be predic-
tive, patients who will not derive a survival benefit from che-
motherapy can be spared unnecessary toxicity. For those 
predicted to benefit, the real survival advantage of adjuvant 
chemotherapy may be much larger than that suggested by the 
major adjuvant trials to date. Although none of these predic-
tive markers are yet sufficiently validated to be applied to 
patient care, the ultimate increase in therapeutic index may 
be particularly applicable to the elderly.

Inadequate numbers of the elderly are recruited to adju-
vant trials, and elderly-specific trials are clearly needed to 
better guide therapy. Three major adjuvant trials are under-
way at the time of publication, and none has a maximum age 
cutoff. The ECOG 1505 trial has already been extensively 
discussed. The MAGE [35, 36] and RADIANT [37] trials 
may be particularly attractive to the elderly because they 
 neither require nor forbid traditional cytotoxic adjuvant che-
motherapy. The MAGE vaccine trial requires tumor testing 
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for expression of the MAGE-A3 antigen, and only patients 
expressing it are eligible. Prior to randomization to the study 
vaccine or to placebo, patients may receive standard-of-care 
adjuvant chemotherapy, or they may choose to forgo it. The 
RADIANT trial also allows, but does not require, adjuvant 
chemotherapy prior to study therapy. To be eligible, the 
patient’s tumor must be positive for the epidermal growth 
factor receptor by either immunohistochemistry or fluores-
cence in-situ hybridization. Patients are randomized to 
receive erlotinib, a small-molecule inhibitor of the epidermal 
growth factor tyrosine kinase, or placebo. Both the MAGE 
and RADIANT trials are nearing their enrollment goals as of 
the time of authorship of this chapter (November 2009).
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Abstract Lung cancer is a disease of the elderly. Early 
stage disease is best cured by surgery, and with the aging 
of the US population, the elderly are more frequently being 
evaluated for resection of pulmonary malignancies. Elderly 
cancer patients should undergo a complete staging workup 
unless their degree of functional status impairment precludes 
treatment. A thorough preoperative workup can delineate 
patients who are at high risk for perioperative morbid-
ity and mortality. The decision to proceed with resection 
should be based on the stage of disease, pulmonary func-
tion, functional status, and the patient’s goals, rather than 
the age alone. Lung resections in the aged must balance the 
need for complete oncologic resection with the ability of 
the elderly to recover from insult. The use of thoracoscopic 
techniques should be used whenever possible to avoid the 
risk associated with thoracotomy. The paradigm for surgical 
management of elderly patients will continue to coevolve 
with advances in technology.

Keywords Elderly • Lung cancer • Thoracic surgery • VATS 
• Thoracotomy • Preoperative assessment • Lobectomy  
• Limited resection • Metastasectomy • Nonsmall cell lung 
cancer • Carcinoid • Technology

Introduction

Lung cancer is the leading cause of cancer mortality in men 
and women, and is typically diagnosed in advanced age 
[1, 2]. In the United States, the median age of diagnosis for 
lung cancer is 71 years, and over 65% of patients are diag-
nosed after the age of 65. In 2008, an estimated 215,020 

Americans will be diagnosed and 161,840 people will die of 
lung  cancer. Over 100,000 lung cancer deaths will be in 
patients above the age of 65 [3].

Surgical resection is the best chance for oncologic cure 
for the 81–87% of primary lung cancers that are of nonsmall 
cell or carcinoid histology [4–6]. Small cell lung cancer 
(SCLC) is usually widely metastatic at the time of diagnosis, 
and thus rarely treated by the thoracic surgeon. SCLC histol-
ogy becomes less frequent with age, and thus a larger 
 percentage of elderly lung cancer patients may be candidates 
for surgery [6]. Additionally, resection of isolated pulmonary 
metastases of extra-pulmonary malignancies may improve 
overall survival, regardless of absolute patient age.

With the aging of the US population, determining the 
optimal surgical management of elderly lung cancer patients 
will be an increasingly more frequent challenge in the future. 
Over the last two decades, increasing the use of thoraco-
scopic techniques have greatly benefited the elderly, and the 
current treatment algorithms will continue to coevolve with 
advances in modern technology. As more surgical adjuncts 
and nonoperative options become available for marginal risk 
surgical patients, a multimodal approach will become ever 
more important in creating a treatment plan for each patient. 
Patient evaluation, selection, and perioperative management 
must all be adapted to provide best possible care for the 
increasing numbers of aged patients undergoing surgery for 
cancer. The initial surgical visit should be used to discuss the 
patient’s goals and expectations for surgery. Preoperative 
assessment should include a global assessment of factors that 
impact operative risk and the recovery process, including 
comorbidities, independence status, social supports, and any 
signs of physical or mental limitations. Intraoperative man-
agement should balance goals of a  complete oncological 
resection and maximizing the ability of elderly patients to 
recover from surgical insults. Multidisciplinary postopera-
tive care should additionally be focused on the unique needs 
of this patient group. Although elderly patients do require 
careful attention, surgical resection should not be restricted 
based on numerical age alone.
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Lung Cancer Treatment in the Elderly

There are multiple studies that draw attention to the tendency 
to limit the treatment of elderly cancer patients [7]. In the 
surgical treatment of lung cancer, an analysis of the SEER 
database showed that the frequency of limited resections 
increases with age, with a decline of pneumonectomies and 
lobectomies with age. Approximately 30% of the most 
elderly patients in the database were denied surgery or were 
offered only palliative surgery, in contrast with only 8% of 
the youngest patients [8]. Although this may in part repre-
sent an appropriate treatment strategy for a patient popula-
tion with declining functional reserves and increased 
comorbidities, it may also signify a general reluctance for 
surgeons to operate on those with a relatively limited lifespan. 
However, by 2004 data, the life expectancy of an 80-year old 
in the United States is 9.1 years (8.2 years for males, 9.8 
years for females), whereas the median survival for elderly 
patients with untreated early stage lung cancer is only 14 
months [9]. This suggests that life limitation for an 80-year 
old with lung cancer is likely to be cancer related, and argues 
for treatment of well-selected elderly cancer patients [10].

Case Study

Mr. Joseph is an 82-year-old male with a past medical  history 
of coronary artery disease status post a coronary artery 
bypass graft 15 years ago and a right thigh Merkel cell carci-
noma that was excised and irradiated 4 years ago without 
recurrence. He developed a cough that did not improve with 
antibiotics, and a chest X-ray suggested a left upper lobe 
mass. A chest CT revealed two left upper lobe nodules, which 
were subsequently found to be FDG avid by PET. A head 
MRI was negative for metastases and a trans-bronchial biopsy 
was consistent with adenocarcinoma. He now presents for 
consideration of surgical resection.

On evaluation in your office, you find him to be a sharp, 
energetic octogenarian. He is functionally independent and 
is the primary caregiver for his wife. He does the shopping 
and cooking at home. He volunteers at the local library and 
enjoys going to classical music concerts. His son, who is 
available to offer support in the perioperative period, accom-
panies him to the visit. Mr. Joseph states that he tries to walk 
every day; however, recently he noticed that he gets short of 
breath after several blocks. He does not require mobility aids 
to ambulate. He smoked one pack per day for 55 years; how-
ever, he quit tobacco use 15 years prior. He denies recent 
weight loss. He understands the risk of surgery but “wants to 
fight” his newly diagnosed cancer.

Pulmonary function tests show preserved lung function 
with a forced expiratory volume in 1 second (FEV1) of 2.00 L 

(83% predicted) and an FVC of 2.57 L (82% predicted). 
He is able to walk 1,425 ft in 6 min; however, he becomes 
moderately short of breath during the examination. You thus 
refer him to his cardiologist, who performs a cardiac stress 
test. His stress test is negative for ischemia, and you and the 
patient decide to go forward with a thoracoscopic resection.

Two weeks later he undergoes a video-assisted lingular 
sparing left upper lobectomy with mediastinal lymph node 
sampling. Postoperatively he was noted to have persistent 
high chest tube output of 100–250 cc/h, and was thus taken 
back to the operating room for reexploration. About 600 cc 
of clot was removed from his left hemi-thorax; however, no 
source for the hemorrhage was identified. Postoperatively, he 
was placed in the intensive care unit overnight; however, he 
continued to progress in his recovery and was discharged 
home with a visiting nurse on postoperative day 6.

His pathology returned with two foci of moderately dif-
ferentiated adenocarcinoma, the largest measuring 2.9 cm. 
His margins and lymph nodes were negative (T2 N0 Mx). At 
the time of this writing, Mr. Joseph is now 91-years old and 
9 years after surgery. He has no evidence of disease.

Preoperative Evaluation

Mr. Joseph’s presentation and management illustrate the 
importance of a thorough preoperative assessment. Elderly 
patients are at increased risk for perioperative morbidity and 
mortality because of both decreased ability to recover physi-
ologic homeostasis after surgical stress and increased preva-
lence of comorbid conditions. Older patients represent a 
heterogeneous population. A preoperative assessment should 
establish whether a patient is an appropriate surgical candi-
date and forewarn clinicians about potential for certain post-
operative complications.

All patients in consideration for lung cancer resection sur-
gery, regardless of age, require a complete history and physi-
cal exam with particular attention to characterization of 
symptoms, functional status, smoking history, and weight 
loss. At a minimum, patients should undergo an electrocar-
diogram, pulmonary function tests for patients undergoing 
lung resection, basic laboratory work, and a complete stag-
ing evaluation. Elderly patients should be assessed for func-
tional status, independence, social support, and any cognitive 
impairment that may impact their treatment or recovery.

Accurate diagnosis and staging is of utmost importance 
to ensure appropriate selection of patients for operative 
resection. Similar to younger patients, elderly patients with 
lung cancer should have chest CT scans to image suspected 
lung nodules, PET scans to assess for metastatic disease, 
brain CT or MRI to look for occult metastases and, if indi-
cated, cervical mediastinoscopy to stage mediastinal nodes. 
Elderly patients with suspected lung nodules should undergo 
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this standard workup unless their functional status is so 
impaired that treatment is not possible. Further workup can 
be  determined based on symptoms or the existence of comor-
bid conditions. A summary of necessary requirements of a 
preoperative examination for an elderly lung cancer patient 
is shown in Table 42.1.

The preoperative visit with an elderly patient should first 
begin with a discussion with the patient about their personal 
values and goals for cancer care. It is often helpful to engage 
family members in the discussion of treatment options and 
give all involved parties the opportunity to ask questions. If 
the patient is clearly in favor of pursing surgical resection, 
the workup proceeds rapidly. In the event that a patient is 
unable to decide whether or not to pursue surgical manage-
ment, our practice is to have the patient return in 2–4 weeks 
in order to provide the patient and their family time to digest 
the diagnosis of cancer and to clarify their goals before pro-
ceeding forward.

The patient and their family may not realize the degree of 
compensation for functional impairments that can slowly 
evolve over time. Our practice is to assess the patient’s extent 
of impairment with a series of questions aimed at determin-
ing the patient’s physical and cognitive reserves. For exam-
ple, we will ask questions such as: Do you do your own 
shopping and cooking? Are you active in any civic or church 
groups? How do you spend your time on a typical day? 
Answers to these questions can illuminate impairments that 
the patient and their family may not even recognize.

One of the most important outcomes for an elderly patient 
is maintenance of baseline physical and mental function after 
surgery. Although patients and their families understand that 
there will be a postoperative recovery time in the hospital or 
rehabilitation setting, it is difficult council patients about 
longer-term effects of surgery such as the potential to cause 
permanent functional declines. There is limited data assess-
ing changes in quality of life after thoracic surgery in the 
elderly, and few studies that assess whether surgery triggers 
loss of independence such as the need for increased assis-
tance or more supportive living arrangements.

More immediately, patients with preoperative cognitive 
declines are at risk for postoperative morbidity. Karneko et al. 
determined that preoperative dementia was a risk factor for 
postoperative delirium [11]. Furthermore, Fukuse et al. found 
that thoracic surgery patients with preoperative dementia, as 
estimated by the mini-mental status exam (MMS), were four-
fold more likely to have postoperative complications [12].

Functional and Performance Status

Preoperative functional and performance status are two of 
the most predictive indices of postoperative outcomes in 
elderly patients. Functional status describes the ability to 
perform self-care, self-maintenance, and physical activities. 
Traditional measures used to assess functional status are 
activities of daily living (ADLs) and instrumental activities 
of daily living (IADLs). ADLs are six basic self-care skills, 
such as the ability to dress or bathe, while IADLs include 
higher functioning skills that are used to maintain indepen-
dence in the community. Need for assistance in these tasks 
has been predictive of prolonged hospital stay, nursing home 
placement, and home care requirements [13, 14]. Poor nutri-
tional status, defined as a BMI of less than 22 kg/m squared, 
has been associated with increased need for assistance with 
ADLs and a decreased 1-year survival [15]. A lower ADL 
score is associated with postoperative complications [16].

Performance status is a standardized scale designed to 
measure the ability of a cancer patient to perform ordinary 
tasks. There are two scales, the Karnofsky performance 
scale, which ranges from 0 (dead) to 100 (normal) and the 
ECOG scale that ranges from 0 (normal) to 5 (dead). 
Comparisons of the two scales have been validated with a 
large sample of patients [17]. Performance status has been 
used to select patients for entry into chemotherapy trials; 
however, it is also well accepted to be associated with post-
operative morbidity [18–20].

Cardiac Assessment and Perioperative  
Cardiac Management

A preoperative cardiac history should focus on the assess-
ment of coronary risk factors and exercise tolerance includ-
ing the ability to climb two flights of stairs or walk one block. 
In general, patients with poor exercise tolerance, or patients 
with a history of angina or claudication, should undergo non-
invasive testing. Elderly patient may have mobility impair-
ments such as arthritis that prevent assessment of functional 
reserve. Additionally, it may be difficult to determine whether 
symptoms such as shortness of breath or chest pain are due to 
cardiac or pulmonary etiology, and thus it is appropriate to 

Table 42.1 Components of the preoperative assessment in elderly 
lung cancer patients

Preoperative evaluation of the elderly lung cancer patient
History and physical exam with attention to symptoms, smoking 

history, and comorbidities
Basic preoperative studies: EKG, basic lab work, chest X-ray
Complete staging workup: chest CT, PET scan, CT or MRI of the 

brain, and cervical mediastinoscopy if indicated
Geriatric: functional status, performance status, independence, social 

supports
Cardiac: symptoms, ability to climb stairs or walk one block, cardiac 

risk factors and previous history
Pulmonary: PFTs, workup as described in Fig. 42.1
Additional workup to be guided by symptoms or past medical history
Adaptations of the preoperative exam for the elderly
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have a low threshold for additional cardiac workup and 
assessment by a cardiologist to assist with perioperative risk 
stratification. Additionally, older patients are at increased risk 
for postoperative supraventricular tachycardias and should be 
considered for beta-blockade to reduce perioperative cardiac 
risk and to decrease postoperative atrial fibrillation [21, 22].

Pulmonary Assessment

Pulmonary function tests form the backbone of the preopera-
tive pulmonary assessment and should be performed on all 
patients under consideration for lung resection surgery. 
Patients with marginal PFT results should undergo further 
evaluation with exercise testing, ventilation/perfusion scans 
to calculate predicted postoperative (PPO) lung function or 
VO

2
 max testing as outlined in Fig. 42.1. [23]

The FEV1 by spirometry is most commonly used to 
 determine a patient’s suitability for surgery. The diffusion 
capacity for carbon monoxide (DLCO) and spirometry may 

be used as complimentary tests, particularly in patients with 
 diffuse parenchymal disease or dyspnea that is out of 
 proportion to the FEV1, with a low DLCO prompting further 
evaluation [24].

Exercise testing evaluates the cardiopulmonary system 
under induced physiological stress, and also has been found 
to be predictive of postoperative complications. Although 
simple exercise testing such as stair climbing or the six-minute 
walk test (6MWT) are easy to perform, their use in elderly 
patients may be limited by orthopedic or neurological impair-
ments, or peripheral vascular insufficiency. The 6MWT 
 measures the distanced walked over a period of 6 min. A nor-
mal patient is able to cover at least 1,400 ft in 6 min.

A recommended preoperative evaluation for an elderly 
patient considering pulmonary resection should consist of 
spirometry, pulmonary diffusion capacity of the lung for 
 carbon monoxide (DLCO), room air ABG, and exercise 
 tolerance tests including stair climbing and 6-min walk. 
Patients with an FEV1 > 1L and no major abnormality of 
other tests (FEV1/FVC > 50%, DLCO > 50% predicted, ABG 
paO

2
 > 45 mmHg, tolerance of exercise tests) may safely 

 proceed with surgery, including pneumonectomy [25].
Patients who do not meet these criteria should undergo 

further testing, including ventilation/perfusion scans to cal-
culate PPO lung function or VO

2
 max testing. Multiple stud-

ies have suggested that morbidity increases at a threshold % 
PPO FEV1 of <40%, or a % PPO DLCO of <40% [26–30]. 
A maximal oxygen consumption (VO

2
 max) of <10 mL/kg/

min has been shown to be associated with very high opera-
tive morbidity (26% total in combined data) in several small 
case series. VO

2
 max values of 10–15 mL/kg/min has an 

intermediate perioperative morbidity (8.3% total) whereas 
patients with >15 mg/kg/min can undergo resection with an 
acceptable morbidity and mortality rate (25% morbidity and 
0% mortality in a small series) [23, 31].

Nonsmall Cell Lung Cancer in the Elderly

Histology

About 80–85% of all primary lung cancers are nonsmall cell 
histology [4]. Of the nonsmall cell subtypes, elderly patients 
are more likely to be diagnosed with squamous cell carci-
noma (SCC) than younger lung cancer patients [6, 32, 33]. 
Relative to nonsquamous cell cancers, SCCs are associated 
with a higher incidence of localized disease, tend to have 
lower recurrence rates, and may have longer survival times 
than nonsquamous cell cancers [34–36]. However, squamous 
cell tumors are more likely to be centrally located, and thus 
are more likely to require pneumonectomy for curative 

Pulmonary Evaluation for Lung Resection Surgery 

All patients:
Spirometry 

DLCO 
Room air ABG 
Stair Climbing 
6 minute walk

FEV1 >1L 
FEV1/FVC >50% 

DLCO>50% 
ABG paO2 > 45 mm HG 
Tolerance of exercise tests 

VO2 Max 
PPO Lung Function

%PPO FEV1 > 40%
% PPO DLCO >40%

VO2 max >15 mg/kg/min

Limited resection or
No surgery

Proceed with
surgery, including
pneumonectomy

Fig. 42.1 Recommended pulmonary evaluation for patients undergo-
ing lung resection surgery. DLCO diffusion capacity for carbon monox-
ide; ABG arterial blood gas; FEV1 forced expiratory volume in 1 
second; FVC forced vital capacity; VO

2
 Max maximal oxygen con-

sumption; PPO predicted postoperative (adapted from Jaklitsch and 
Billmeier [23], with permission)
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 resection. Mery et al. analysis of the SEER database showed 
that the frequency of SCC increased from 27% in patients 
less than 65-years old, to 38% in patients 75 and older, with 
parallel decreases in frequency of adenocarcinoma from 61 
to 50% in corresponding age groups [35].

Stage at Presentation

Elderly patients are more commonly diagnosed with early 
stage disease, and are thus more likely to have surgically 
resectable tumors. An analysis of 22,874 patients revealed 
that the percent of lung cancer patients with local stage 
NSCLC increased from 15.3% in those aged 54 years or 
younger, to 25.4% of those aged 75 years or older [37]. Data 
published from the Surveillance, epidemiology, and end 
results (SEER) database in 2005 examining a cohort of 
14,555 patients with early stage NSCLC showed that the fre-
quency of stage I disease increased from 79% in patients <65 
to 87% in patients age 75 or more [8]. Thus, although the 
elderly are at higher risk of developing lung cancer, a higher 
proportion present at a potentially curable stage of disease 
relative to a younger aged cohort.

Surgical Planning

Surgical resection for early stage nonsmall cell lung cancer 
offers the best chance for cure. In the elderly population, sur-
geons must balance the potential for long-term oncologic 
remission vs. the risk of short-term morbidity and mortality 
associated with surgery. The operative risk of death after pul-
monary resection is largely attributable to two anatomical 
insults. First, there is the loss of functional lung tissue. 
Second, there is the morbidity and mortality introduced by 
the access thoracotomy. Operative strategies particular to the 
elderly population address both disruptions, with use of 
video-assisted thoracoscopic surgery (VATS) to minimize 
the chest wall disruption of a thoracotomy and by consider-
ation of limited resections for the most elderly.

Surgical Approach

There are multiple studies that indicate that advanced age is 
a risk factor for death after thoracotomy. Several small single 
institution studies in the 1960s and 1970s indicated opera-
tive mortality rates of 14–27% for the elderly depending on 
age and type of surgery [38–41]. These findings were con-
firmed by a multi-institution study by the Lung Cancer Study 
Group in 1983. Ginsberg et al. reviewed 2,200 cases of lung 

resection for cancer and found that operative mortality 
increased  proportionally with age. Patients with age less 
than 60 had a 1.3% 30-day mortality rate, with increasing 
rates of 4.1, 7.0, and 8.1% mortality rates for the 60–69, 
70–79, and 80 or greater age groups, respectively [42].

In a more modern analysis of 14,555 patients who had 
undergone curative resections for treating stage I or II 
NSCLC between 1992 and 1997, Mery et al. determined the 
effect of age on 30-day postoperative mortality. Including all 
types of resections, there was a 0.45% mortality rate for 
those below the age of 65 years, 0.6% for ages 65–74, and 
1.2% for patients aged 75 or older. Mortality differences 
were found to be primarily due to differences in survival of 
patient undergoing lobectomy, with 0.3, 0.5, and 1.5% mor-
tality for corresponding age groups (p = 0.0001), respectively. 
The difference in perioperative mortality was statistically 
similar for patients undergoing limited resection [43]. Studies 
have not shown an improvement in expected operative mor-
tality if lung-sparing operations are performed via an access 
thoracotomy [44–46].

In 2006, the American College of Surgeons Oncology 
Group (ACOSOG) Z0030 Study published morbidity and 
mortality data for 1,023 clinically resectable T1 or T2, N0 or 
non-hilar N1 NSCLC patients randomized over a period from 
1999 to 2004 to undergo pulmonary resection with lymph 
node sampling vs. mediastinal lymph node dissection. Overall 
mortality was 1.4%, improved from Ginsberg’s reported 
3.8%, and was not statistically associated with age [47]. 
However, the complication rate did rise as the age increased, 
with 49% of patients in the age group 80 and above experi-
encing one or more complication. Ninety percent of patients 
in the ACOSOG Z0030 study underwent resection via a tho-
racotomy, with the remaining procedures performed as VATS 
or VATS-assisted resections. Operative mortality reported by 
Ginsberg for pneumonectomy and lobectomy was 6.2 and 
2.9%, respectively, compared with 0 and 1.3%, in the 
ACOSOG study. Notably, the pneumonectomy rate of the 
earlier study was 25.6, vs. 4% in ACOSOG, likely in part 
explaining the higher mortality rate of the earlier study.

VATS is defined as surgery performed through two or 
three incisions that are 2 cm in length. A utility incision less 
than 10 cm long may be used, without spreading of the ribs. 
VATS procedures in the elderly have been shown to have 
lower morbidity, lower rates of postoperative delirium, and 
result in earlier ambulation, a lower narcotic requirement, 
and a quicker recovery time [48–52].

Extent of Resection

The extent of NSCLC resection in elderly patients has been 
extensively debated, with advocates for limited resections 
for the aged to reduce associated morbidity and mortality risk. 
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Lobectomy has generally been considered as standard of 
care for surgical resection of early stage NSCLC for the past 
50 years [24, 53]. Lobectomy has traditionally been 
 performed via thoracotomy; however, it is now often 
approached via VATS. Limited resections, consisting of 
either a sementectomy or wedge resection, remove less lung 

tissue and can usually be performed without a thoracotomy. 
These  operations are associated with less perioperative mor-
bidity and mortality; however, they do not completely remove 
draining lymphatics and may be associated with higher rates 
of local recurrence. A randomized trial by the Lung Cancer 
Study Group of limited resection vs. lobectomy for T1 N0 
disease revealed a tripling of locoregional recurrence with 
limited resection, and a trend toward improved survival in 
the lobectomy group [54]. However, divergence of the sur-
vival curves between lobectomy and limited resection did 
not occur until 3 years after surgery, indicating a potential 
role for limited resection in patients with a shorter expected 
life span. Additional studies have concluded that limited 
resection remains an option for those unable to tolerate a 
lobectomy due to age or limited cardiopulmonary reserve 
[55, 56]. An age stratified analysis of 14,555 patients in the 
SEER database showed no benefit for lobectomy over lim-
ited resection in patients above age 71, as shown in Fig. 42.2 
[35]. The decision to perform a limited resection vs. a lobec-
tomy must take into account the patient’s ability to tolerate a 
larger surgery and potential associated complications vs. a 
smaller resection with less durable oncologic outcomes.

Advances in Technology and the Elderly

Advances in technology will continue to alter the approach 
to management of nonsmall cell cancer in the elderly. 
Lobectomy is now commonly performed via VATS, allowing 
for a complete oncologic resection without requiring a full 
access thoracotomy. The elderly patient population is a clear 
benefactor of this technical progress. An illustration of VATS 
lobectomy is shown in Fig. 42.3.

Emerging technology involving radioactive seed place-
ment at the resection margin has the potential to decrease the 
local recurrence associated with limited resections. 
Radioactive 125I strands are sewn into a custom mesh that is 
then sutured in place along the resection margin [57]. 
Multiple small studies combining sublobar resection and 
planar 125I seed implants have shown a decrease in local 
recurrence [58, 59]. A multicenter retrospective study of 291 
patients with T1 N0 disease compared sublobar resections 
with lobar resections. Brachytherapy was used in 48% of the 
sublobar resections and was found to significantly decrease 
the local recurrence rate from 17.2 to 3.3%. For tumors less 
than 2 cm, there was no difference in survival between 
 sublobar and lobar resection groups; however, median 
 survival was better in the lobar resection group for larger 
tumors [60]. In elderly patients with small tumors and insuf-
ficient reserve to undergo a lobectomy, limited resection with 
staple line brachytherapy may prove to limit local recurrence 
and produce similar long-term outcomes.

Fig. 42.2 Overall survival for patients <65 years (top, a), 65–74 years 
(middle, b), and ³75 years (bottom, c) undergoing lobectomies (solid 
line) and limited resections (dashed line) (reprinted from Mery et al. 
[8], with permission. Copyright Elsevier 2009)
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In patients who are not surgical candidates, there are 
 multiple options for achieving some measure of local  control, 
including stereotactic radiosurgery (such as Cyberknife 
(Accuray, Inc, Sunnyvale, CA)), brachytherapy, and radiof-
requency ablation (RFA). Initially found effective for brain 
metastases, stereotactic radiosurgery has been adapted to pri-
mary lung metastases with some success in small series 
[61, 62]. This technique aims to deliver a high radiation dose 
to the tumor while minimizing radiation exposure to the sur-
rounding normal lung and adjacent tissues [63]. Although 
not a first-line therapy for lung tumors, image-guided percu-
taneous RFA can also offer some element of local control 
[64]. Since first described in 2000, several small case series 
have been published, with improvement of local control and 

survival relative to historical controls [65–67]. However, 
RFA is not without complications, including pneumothora-
ces, hemoptysis, and postprocedure pleuritic pain. Prospective 
randomized trials are needed to compare these therapies to 
conventional treatments.

Recommended Treatment Algorithm

Based on the accumulation of data and personal experience, 
we recommend the treatment approach outlined in Table 42.2 
for elderly patients with nonsmall cell lung cancer. The 
approach is modified based on functional status, lung func-
tion, and lesion size. Clinical stage I or II patients with normal 
lung function and preserved functional status with lesions less 
than 1 cm in size are treated with a VATS wedge resection and 
thoracoscopic hilar lymph node sampling whenever possible. 
If the lesion is too centrally located to perform a wedge, then 
our preferred approach is a VATS lobectomy. If the lesion is 
larger than 1 cm then we routinely perform VATS lobectomy. 
In the elderly patient population, we do not perform pneumo-
nectomies unless the patient is unusually well selected as, 
according to our opinion, chemoradiation without surgery is 
similar in long-term outcome compared to pneumonectomy. 
Clinical stage I or II patients with impaired functional status 
are managed with VATS wedge, RFA, or Cyberknife depend-
ing on the ability of the surrounding tissue to tolerate radia-
tion effect. Patients with severely impaired lung function or 
hypoxic respiratory disorders are managed with VATS wedge 
or RFA to limit risk of pulmonary failure due to radiation 
pneumonitis.

In stage IIIa patients with normal lung function and 
 preserved functional status, we prefer neoadjuvant chemo-
therapy followed by lobectomy with adjuvant radiation, with 
or without additional chemotherapy. We do not perform 
pneumonectomies in elderly stage IIIa patients. If a patient 
with stage IIIa disease has impaired functional status or poor 

Fig. 42.3 Right upper VATS lobectomy, illustrating division of the 
superior pulmonary vein and exposure of the pulmonary artery. Artwork 
by Marcia Williams

Table 42.2 Recommended treatment algorithm for elderly nonsmall cell cancer patients

Stage Condition Treatment

Clinical stage I or II Preserved functional status  
and normal lung function

Lesion size <1 cm VATS wedge resection if possible, with thoracoscopic hilar lymph 
node sampling

If deep in lobe then perform VATS lobectomy
Lesion size >1 cm VATS lobectomy. Avoid pneumonectomy unless highly selected 

patient
Impaired functional status VATS wedge, RFA or Cyberknife
Impaired lung function VATS wedge or RFA

Clinical stage IIIa Preserved functional status  
and normal lung function

Prefer neoadjuvant chemotherapy followed by lobectomy followed 
by adjuvant radiation ± chemotherapy

Avoid pneumonectomy
Impaired functional status  

or poor lung function
Chemotherapy/radiation only, prefer staggered administration

Stage IIIb or IV Nonsurgical management
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lung function, we recommend chemotherapy and radiation 
only, preferably with staggered administration. Stage IIIb 
and IV patients are managed nonsurgically.

If an elderly patient with preserved functional status and 
good lung function presents with simultaneous primary 
tumors, our practice is to perform a simultaneous or staged 
lobectomy and wedge resection. If lung function is impaired 
then we will perform multiple wedge resections; however, if 
the patient has poor functional status then our practice is to 
recommend nonsurgical management.

Pulmonary Carcinoid

Pulmonary carcinoids make up 1–2% of primary lung tumors 
[5]. Carcinoids are a spectrum of neuroendocrine tumors 
that are divided into those with typical (TC) or atypical (AC) 
histological features. Although carcinoids tend to present in 
younger patients, atypical tumors are often diagnosed about 
10 years later than typical carcinoid, occurring in the sixth 
decade. Atypical carcinoids tend to be larger, are usually 
localized to the peripheral lung fields, and are more aggres-
sive than typical carcinoids. The 5-year survival is 40–60 vs. 
90% for indolent typical carcinoids [68]. Limited resection 
with wedge or segmentectomy is the preferred treatment for 
localized carcinoids. More extensive resections are advo-
cated for atypical carcinoids, with extent of resection mir-
roring recommendations for NSCLC [69, 70].

Surgical Resection of Pulmonary Metastases

Lung metastases from an extra-thoracic source of malig-
nancy usually imply widespread intravascular dissemination 
of malignant cells. However, certain patients present with a 
small number of isolated lung metastases. Retrospective evi-
dence suggests that selected patients may have improved sur-
vival after resection of these pulmonary metastases. 
Indications for the procedure should include control of the 
primary site, isolation of metastatic disease to the thorax, 
resectabiliy, and sufficient cardiopulmonary reserve for the 
operation [71]. Most studies have found that age does not 
have a prognostic influence on overall survival [72–77].

The largest evaluation of outcomes after lung metastasec-
tomy comes from the International Registry of Lung 
Metastases. Established in 1990, the registry enrolls all 
patients who have undergone resection of lung metastases 
with curative intent. Of the 5,206 patients enrolled between 
1991 and 1995, 43% of lung metastases were epithelial in 
origin, 42% were sarcomas, 7% were germ cell tumors, 6% 

were melanomas, and 2% were other types. Single metastases 
accounted for 46% and multiple metastases 52%. Germ 
cell tumors had the best survival and melanoma the poorest 
survival at 5 and 10 years (68% at 5 years and 63% at 10 
years vs. 21 and 14%, respectively). The survival rates for 
epithelial tumors and sarcomas did not differ significantly 
(37% at 5 years and 21% at 10 years vs. 31 and 26%, respec-
tively). Rates of recurrence also varied by histology type, 
with 64% for sarcomas and melanoma, 46% for epithelial 
and 26% for germ cell tumors with a median time to recur-
rence of 10 months. In a multivariate analysis, disease free 
interval (DFI), number of metastases, and tumor type were 
highly prognostic of long-term survival. Median survival for 
the cohort ranged from 14 months to 61 months, depending 
on the respectability of the metastasis, number of metastases 
and DFI [77].

The optimal approach for pulmonary metastasectomy is 
controversial due to the inability of the surgeon to palpate the 
lung for additional lesions when the resection is performed 
via VATS. In 1994, Collie et al. reported that conventional CT 
missed up to 50% of pulmonary metastases found at surgery 
[78]. Furthermore, McCormack et al. found additional malig-
nant lesions at thoracotomy in 56% of patients after initial 
VATS exploration, and thus concluded that thoracotomy with 
manual palpation was the gold standard for metastasectomy 
[79]. However, other investigators found no difference in 
rates of recurrence or survival between VATS and thoraco-
tomy [80]. Preoperative evaluation with PET has a reported 
sensitivity of up to 94% for lesions 1.1–1.9 cm; however, it 
has limited ability to detect smaller lesions [81, 82]. As 
advances in imaging increase the ability to detect smaller 
lesions, it is likely that the use of VATS will become more 
commonplace, particularly in older patients. Elderly patients 
with isolated pulmonary metastases and adequate cardiopul-
monary reserve should be considered for surgical resection.

Postoperative Care

Postoperative care after lung resection should be modified to 
suit the elderly patient population. To prevent delirium, 
elderly patients should be assessed for preoperative thoracic 
epidurals for postoperative analgesia and narcotic use should 
be minimized. Elderly patients should be encouraged to use 
their home sensory aids such as glasses or hearing aids to 
minimize disorientation. Sleep hygiene, such as turning off 
lights and minimizing noise at night, encourages mainte-
nance of a normal sleep-wake cycle. Benzodiazapines and 
medications for sleep should also be minimized. Excellent 
pulmonary hygiene must be maintained with frequent chest 
physiotherapy and early ambulation. At our institution, 
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 specially designed thoracic ambulation carts are used to 
facilitate walking in patients who require oxygen, or who are 
tethered with multiple chest tubes and catheters. Early ambu-
lation enhances clearance of secretions, prevents atelectasis, 
and minimizes deconditioning of the patient during the peri-
operative period. Physical therapy is provided to any patients 
requiring additional assistance.

Conclusion

The decision to proceed with resection of a pulmonary 
malignancy in the elderly should not be based on age alone. 
A thorough preoperative workup can delineate patients who 
are high risk for perioperative morbidity and mortality, 
based on past medical history, functional and performance 
status, and physiological testing. Specialized multidisci-
plinary care provided by primary care physicians, geriatric 
specialists, cardiologists, oncologists, surgeons, anesthesia, 
nursing, physical therapy, and nutrition optimize the care for 
the elderly thoracic surgery patient. Lung resections in the 
aged patient must balance the need for complete oncologic 
resection vs. the ability of the most elderly to recover from 
insult. The use of thoracoscopic techniques should be used 
whenever possible to avoid the risk associated with 
 thoracotomy. The paradigm for surgical management of 
elderly patients will continue to coevolve with advances in 
technology.
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Abstract The spectrum of noncancerous diseases of the 
chest in elderly patients includes both diseases that affect 
younger patients, as well as processes exacerbated by 
the underlying physiological changes of aging. Structural 
alterations, immunological changes, decreases in physi-
ologic reserve, and comorbid disease processes all affect the 
presentation and response to disease in the elderly. Benign 
disorders of the thorax in the elderly include diseases of 
the chest wall and pleura, thoracic spine deformities which 
affect pulmonary function, benign masses, rheumatologi-
cal disorders, infectious processes such as pneumonia and 
emypema, and chronic obstructive pulmonary disease. When 
caring for elderly patients, clinicians must be aware of signs 
and symptoms of these disorders, options for management, 
and potential complications in this population.

Keywords Benign • Thoracic disease • Elderly • COPD  
• Pleural effusion • Pneumonia • Kyphosis

Introduction

Elderly patients present challenges in diagnosis and treatment 
of various disease processes. While they may develop tho-
racic diseases seen in other age groups, older patients often 
have atypical presentations of these diseases, and may be vul-
nerable to thoracic pathology as a result of comorbid diseases. 
Pulmonary function testing of the elderly population shows 
increased ventilation-perfusion mismatch, decreased forced 

expiratory volumes, and decreased diffusion capacities. 
Combined with increased chest wall rigidity, decreasing mus-
cle mass, impaired mucocilary clearance, blunted perception 
of dyspnea, and possible increased aspiration risk due to 
underlying neurological dysfunction, these physiological 
changes associated with aging make this population particu-
larly vulnerable to thoracic disease [2].

Disease of the Chest Wall and Pleura

Mondor’s Disease

Mondor’s disease is a benign thrombophlebitis usually 
involving the thoracoepigastric and lateral thoracic veins. 
Three fourths of patients are women. Although the anterior 
and lateral chest wall are most commonly affected, Mondor’s 
disease has been reported in the antecubital fossa, inguinal 
region, axilla, penis, abdomen, and lower limbs [3].

The pathogenesis involves formation of venous thrombi, 
with resultant venous occlusion and fibrosis. The overlying 
skin retracts, creating characteristic cord-like structures, 
often starting from the areola or axilla. While the etiology is 
unknown, there is an association with hypercoagulable states, 
thoracic surgical procedures, breast infections, hyperexten-
sion of the upper extremity, and intravenous drug abuse. 
Patients typically present with localized chest pain, and pal-
pable cords on the chest wall. Although Mondor’s disease 
itself is a benign, self-limited disease, it has been associated 
with the presence of carcinoma of the breast.

Treatment involves local application of heat, systemic or 
topical nonsteroidal antiinflammatories, and rest of the 
affected limb. Pain usually resolves in about 10 days, while 
skin changes may take longer to resolve. For chronic or sub-
acute cases, resection of the thrombotic vessels can be con-
sidered. There is no clear benefit of anticoagulation.
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Lung Herniation

Lung herniation occurs when the lung parenchyma and 
pleural membranes protrude through a defect in the tho-
racic wall. This can result from congenital abnormalities, 
trauma, underlying disease, or thoracic surgical procedures. 
Spontaneous lung herniation secondary to vigorous cough-
ing or playing a wind instrument has been reported [4]. 
Patients may be asymptomatic, or present with a bulge on 
the chest wall, hemoptysis due to strangulation of herniated 
lung, or recurrent pulmonary infections. In patients under-
going minimally invasive thoracic surgery, the anterior 
approach appears to have a higher incidence of postopera-
tive lung hernia development, likely due to inherent weak-
ness in the thoracic cage where there is only a single layer 
of intercostals muscles [5].

Predisposing factors for lung herniation include chronic 
obstructive pulmonary disease (COPD), inflammatory or 
neoplastic processes, and chronic steroid use. Lung hernia-
tion is unlikely to recover spontaneously, but surgical treat-
ment is not mandatory for all lung hernias. Indications for 
operative intervention include strangulated lung, hemopty-
sis, and pain. Some authors advocate repair for all anterior 
hernias, even if asymptomatic, to avoid extension into the 
abdominal wall. Surgical treatment involves identification of 
the hernia sac, freeing the lung from adhesions, and patch 
repair. Minimally invasive repairs with videoscopic tech-
niques have been described.

Pneumomediastinum

The primary development of free air in the mediastinum, or 
spontaneous pneumomediastinum, must be distinguished from 
secondary pneumomediastinum, as the two processes have very 
different clinical implications. Spontaneous  pneumomedias-
tinum results from a sudden increase in intrathoracic pressure, 
leading to increased intraalveolar pressure. Alveolar rupture 
then allows air to track along the bronchovascular tissue sheath 
toward the mediastinum [6].

The most common cause of spontaneous pneumomedi-
astinum is forceful emesis, although intense coughing, 
screaming, childbirth, and bronchospasm have been reported 
as causative events. Predisposing factors include asthma and 
idiopathic pulmonary fibrosis. Patients can present with chest 
pain, shortness of breath, subcutaneous emphysema, or 
Hammon’s sign, crepitus heard with the heart beat on auscul-
tation of the chest.

Spontaneous pneumomediastinum is a benign condition 
for which treatment is usually expectant. The diagnosis of 
spontaneous pneumomediastinum is one of exclusion how-
ever, and the presence of free air on chest radiographs 

 mandates differentiation from secondary pneumomediastinum. 
By contrast, secondary pneumomediastinum, which results 
most commonly from blunt or penetrating trauma, interven-
tions in the esophagus or tracheobronchial tree, or infectious 
processes, is associated with life threatening injury to the 
aerodigestive tract, and carries a high mortality rate.

Kyphosis

Kyphosis is a common problem, and may contribute to 
 pulmonary dysfunction in the elderly. It is an exaggerated 
posterior convexity of the thoracic spine, which increases 
with aging. This spinal deformity results from the combined 
effects of osteoporotic vertebral fractures, arthritis, interver-
tebral disk thinning, and reduced muscular tone. Vertebral 
compression fractures are estimated to occur in one-third 
of women over 65 years of age, and half of women over  
80 years. One study found that over 80% of patients greater 
than 80 years of age had kyphosis [7].

As with younger patients with spinal deformities, older 
patients with kyphosis suffer increased mortality from pul-
monary disease, and measurable differences in spirometric 
evaluation. Women with radiographically evident vertebral 
fractures have double the mortality from pulmonary causes 
compared to women without vertebral fractures. Additionally, 
severe kyphosis is strongly predictive of pulmonary death.

Kyphosis resulting from osteoporotic vertebral fractures 
is thought to result in pulmonary impairment, resulting in a 
restrictive pattern evident in pulmonary function testing. In 
one study, kyphotic participants reported more dyspnea, and 
had restrictive and obstructive ventilatory patterns on spiro-
metric testing [8]. With worsening kyphosis, or a Cobb’s 
angle greater than 55°, impairment is considerable. Cobb’s 
angle is calculated by drawing lines parallel to the vertebral 
body at the superior aspect of the spinal curvature and the 
vertebral body at the inferior aspect of the spinal curvature, 
and then measuring the angle formed by the intersection of 
two lines perpendicular to these.

While results are mixed, some randomized trials of physi-
cal rehabilitation programs for patients over the age of 60 have 
shown improvements in Cobb’s angle [9, 10]. Minimally inva-
sive vertebroplasty and kyphoplasty are surgical procedures 
which are typically offered for intractable pain, progressive 
kyphosis, or neurological compromise. After kyphoplasty, 
forced vital capacity (FVC) and maximum voluntary ventila-
tion have been shown to improve. It is unclear whether this is 
related to improved pain, or improved pulmonary mechanics. 
Difficulties in interpretation of existing studies include incon-
sistencies in methods used to measure height and kyphosis, as 
well as variability in tested pulmonary function parameters. 
However, given its high prevalence and association with poor 
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pulmonary outcomes, kyphosis may be an under-recognized 
contributor to dyspnea in the elderly population [11].

Neoplastic Disease

Benign Lung Tumors

Benign neoplasms of the lung are uncommon tumors. Either 
epithelial or mesenchymal in origin, they can present with 
cough, pneumonia, hemoptysis, or be completely asymp-
tomatic. In asymptomatic patients, the use of diagnostic 
imaging techniques identifies these lesions, often resulting in 
their resection for diagnostic purposes. Lack of progression 
of a pulmonary lesion over a minimum of 2 years is required 
to radiographically rule out a malignant process.

When surgical excision is needed, minimally invasive 
techniques such as video-assisted thoracic surgery have been 
shown to result in significantly shorter hospital stays and 
decreased complications compared to thoracotomy in patients 
aged 70 or older [12]. Older age is a risk factor for postopera-
tive atrial fibrillation following pneumonectomy [13].

Reviews of surgical series of patients with benign lung 
tumors show hamartomas to be the most prevalent. The 
age range is wide, with most benign tumors of adulthood 
presenting at a median age of 52 years. Below, various epi-
thelial and mesenchymal benign neoplasms are described 
(Table 43.1) [14, 15].

Epithelial Tumors

Papillomas

Papillomas occasionally occur in the lower airway. These are 
generally exophytic tumors, affecting men more often than 
women, and children most commonly. Papillomas have been 

classified as squamous, glandular, and mixed. Squamous 
papillomas are associated with human papilloma virus 
(HPV), while the more rare glandular papillomas are not. 
Squamous papillomas are thought to result from ororespira-
tory HPV exposure during vaginal delivery. As with other 
lesions caused by HPV infection, those papillomas caused 
by high risk strains of the virus are at risk for malignant 
transformation to squamous carcinoma [16].

Papillomas often present as thin-walled cysts and nod-
ules with postobstructive atelectasis on chest radiograph. 
Histologically, exophytic papillomas have an epithelial layer 
covering a central fibrovascular core which protrudes into 
the airway lumen. Stratified squamous epithelium lines the 
squamous papillomas, while a single layer of columnar 
 nonciliated epithelial cells line the glandular papillomas.

Recurrent respiratory papillomatosis is managed by 
endoscopic cryotherapy, laser, or microdebrider treatment. 
Attempts at management with TGF-beta cytokine blockade 
have met with some success in younger patients, but most 
are managed with local ablative techniques rather than 
systemic therapy.

Sclerosing Hemangioma (Pneumocytoma)

Benign lung neoplasms with a female predominance, these 
lesions are thought to arise from type II pneumocytes. They 
are well-circumscribed, containing two morphologic popula-
tions, cuboidal epithelium resembling type II pneumocytes, 
and round to oval stromal cells.

Alveolar Adenoma

Alveolar adenomas are unusual neoplasms typically found in 
the lung periphery with no gender predilection. They are 
usually identified as solitary asymptomatic pulmonary nod-
ules in adults, and classified as epithelial neoplasms, although 
mesenchymal origin has also been suggested.

Table 43.1 Benign tumors of the lower respiratory tract, World Health Organization Classification 2004

Epithelial Mesenchymal Miscellaneous Tumorlike conditions

Papilloma Hamartoma Thymoma Minute meningothelial nodules
Squamous Localized fibrous tumor Mature teratoma Nodular lymphoid hyperplasia
Glandular Chondroma Inflammatory pseudotumor
Mixed Leiomyoma Localized organizing pneumonia

Sclerosing hemangioma Lipoma Nodular amyloid
Alveolar adenoma Clear cell tumor Hyalinizing granuloma
Papillary adenoma Other soft tissue tumors Bronchial inflammatory polyp
Mucous gland adenoma Micronodular penumocyte hyperplasia
Pleomorphic adenoma Endometriosis
Mucinous cystadenoma Others – rounded atelectasis and congenital lesions
Source: data from reference [15]. Reprinted from Mukhtar and Theodore [1]. Review. Copyright © 2009, with permission from Elsevier
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Type II Pneumocyte Papilloma

These are rare, benign neoplasms composed of type II pneu-
mocyte-lined papillae. They are typically solitary, well- 
circumscribed lesions in the periphery.

Mucous Gland Adenomas

Mucous gland adenomas are benign epithelial neoplasms of 
the lung. Previous nomenclature includes adenomatous pol-
yps of the bronchus, bronchial cystadenomas, bronchial ade-
nomas of the mucous gland type, mucous cell adenomas, and 
papillary cystadenomas. They occur sporadically, affecting 
men more than women.

Amongst reported cases, most patients presented with 
coughing, shortness of breath, and wheezing. Most mucous 
gland adenomas occur in the mainstem airways and trachea. 
Although chest radiographs can show a nodular density, or 
distal atelectasis, imaging studies are often unrevealing. 
Computed tomography can identify obstructing bronchial 
lesions, although it may underestimate the amount of submu-
cosal invasion. Pathologic examination shows mucus-filled 
glandular and tubular spaces with an epithelial cell lining. 
These benign tumors are treated with lung parenchyma spar-
ing resection (i.e., bronchial sleeve resection), generally with-
out the need for lobectomy. Those smaller than 3 cm with low 
mitotic activity are more likely to have a benign course [17].

Mucinous Cystadenoma

These are epithelial neoplasms typically found as asymp-
tomatic, peripheral, cystic nodules. While some are benign, 
many are malignant or have atypical features. They are often 
positive for thyroid transcription factor and cytokeratin 7. 
Because of the high incidence of atypia, complete excision is 
recommended.

Mesenchymal Tumors

Hamartoma

The term hamartoma was first applied to benign tumors in 
the lung composed of fat and cartilage by Goldsworthy in 
1934 [18]. Lung hamartomas are the most common benign 
lung tumors, most commonly discovered as asymptomatic 
radiographic findings.

Hamartomas are generally nonneoplastic, disordered col-
lections of benign tissue normally present in a given organ. 

In the lung, however, pulmonary hamartomas are benign 
neoplasms composed of at least two types of mesenchymal 
tissue. They are typically found in the periphery, although 
endobronchial hamartomas are occasional seen (<10%) [19]. 
Chest radiographs classically show a “popcorn” pattern of 
calcification in 30% of cases. On histopathology, they are 
often lobulated, and contain a mixture of cartilage, fat, myx-
oid connective tissue, smooth muscle, or epithelium. The 
presence of only one type of mesenchymal tissue suggests 
lipoma, leiomyoma, or chondroma. Cytogenetic abnormali-
ties have been identified in pulmonary hamartomas. 
Pulmonary hamartomas can be managed either nonopera-
tively with serial imaging, or with wedge resection.

Solitary Fibrous Tumor of the Lung

These are typically pleural-based tumors containing bland 
spindled cells with ingrowths of epithelial cells. Vimentin 
and CD34 histopathology markers confirm the diagnosis of 
solitary fibrous tumor. Importantly, solitary fibrous tumors 
can be mistaken for mesothelioma if thorough immunohis-
tochemistry panels are not employed. While 80% are benign, 
there is some malignant potential, and resection is generally 
recommended [20].

Clear Cell (Sugar Tumor)

Clear cell tumors of the lung are rare asymptomatic nodules. 
Histologically, they are uniform proliferations of clear and 
granular cells. They must be distinguished from metastastic 
renal cell carcinoma. Unlike renal cell carcinoma, clear cell 
tumors of the lung are cytokeratin negative, vimentin nega-
tive, and HMB-45 positive. They are not mitotically active, 
and generally benign.

Other Mesenchymal Tumors

Nerve Sheath Tumors – rare intrapulmonary tumors histo-
logically similar to schwannomas of other sites. Nerve 
sheath tumors are often associated with the dorsal root 
ganglia of spinal nerves, and may present with posterior 
pleural or mediastinal mass.

Leiomyomas – smooth muscle tumors which can be endo-
bronchial or parenchymal

Chrondromas – cartilaginous tumors without epithelial 
elements

Lipomas – composed of adipose tissue, they are more com-
monly endobronchial in location, but can be parenchymal
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Infectious and Rheumatologic Disease

Pneumonia

Pneumonia is the fifth leading cause of death in the United 
States among adults 65 years of age and older. Physiologic 
changes that occur with aging predispose to the development 
of pneumonia, including impaired mucociliary clearance, 
increased risk of aspiration due to diminished swallowing 
reflexes, increased rigidity of the chest wall, and atrophy of 
respiratory muscles and chronic obstructive airway disease. 
Elderly patients with pneumonia often present with nonspe-
cific or atypical symptoms such as failure to thrive, confusion, 
frequent falling, and decreased ability to perform usual daily 
activities, particularly if they have some level of underlying 
dementia. The most commonly reported symptom in one study 
of patients over the age of 65 with community-acquired pneu-
monia was dyspnea, followed by cough and fever [2].

Community acquired pneumonia remains a substantial 
cause of morbidity, with about 915,000 cases in the elderly 
population each year. Streptococcus pneumoniae is thought 
to be the leading cause. Among adults aged 50 or older, there 
are 24,000 cases of invasive pneumococcal disease, (defined 
by isolation of Streptococcus pneumoniae from a normally 
sterile site, e.g., blood or cerebrosprinal fluid), resulting in 
4,500 deaths [21].

Nursing home acquired pneumonia typically occurs in  
an even older, more debilitated population, with resulting 
higher morality rates. A study of microbial causes of pneu-
monia in patients aged 85 or older found Chlamydophila 
pneumoniae to be the most common cause of nursing home 
acquired pneumonia, followed by Streptococcus pneumo-
niae and viral pathogens such as Cytomegalovirus. Mortality 
was associated with performance status, albumin, and blood 
urea nitrogen [22].

Increasing age confers greater risk of invasive pneumo-
coccal disease, that is, pneumococcal bacteremia. Compared 
to adults aged 65–74, adults 85 or older have 3 times the risk 
of invasive disease. While the pneumococcal polysaccharide 
vaccine (PPV) has been shown to be effective in reducing the 
risk of invasive pneumococcal disease in immunocompetent 
older adults, its efficacy at preventing nonbacteremic pneu-
mococcal pneumonia has not been firmly established, nor 
has its efficacy in preventing invasive pneumococcal disease 
in immunocompromised older adults. Currently, the Advisory 
Committee on Immunization Practices recommends that all 
adults receive a dose of PPV at or after age 65. While patients 
over 85 have increased risk of invasive pneumococcal dis-
ease, a study of 221 elderly patients with community acquired 
pneumonia found that those over 85 had a significantly lower 

rate of acute respiratory distress syndrome than patients aged 
65–85 [23]. This was thought to be due to impaired host 
reaction to infection with aging, with a resulting decrease in 
circulating inflammatory cytokines, dampening the expected 
systemic inflammatory response.

The introduction of a conjugate vaccine for young chil-
dren targeting seven pneumococcal serotypes has resulted in 
a decreased incidence of pneumococcal disease in older 
adults. Among adults aged 50 and older, the incidence of 
disease caused by the seven conjugate vaccine serotypes 
decreased by 55% in the period after introduction of the vac-
cine for children, presumably due to decreased pneumococ-
cal carriage and transmission by young children [24].

As the epidemiology of community acquired pneumonia 
changes, particularly since the advent of the pneumococcal 
conjugate vaccine in children, so does the potential benefit of 
the PPV in older adults. From 1998 to 1999, there were 51.7 
of invasive pneumococcal disease due to the 23 serotypes in 
the PPV per 100,000 older adults; in 2004, there were 26.9 
cases per 100,000 older adults.

When pneumonia is complicated by para-pneumonic 
effusion, chest tube drainage may be necessary. Of note, 
pleural effusion can be seen as opacification on chest radio-
graph, in which case a mass effect leads to mediastinal shift 
away from the affected side. Atelectasis however, while also 
causing an opacification, results in volume loss and a medi-
astinal shift towards the affected side. Distinguishing the two 
clinical scenarios is important in preventing complications of 
inappropriate chest tube placement for atelectasis, which can 
result in the rare but reported circumstance of chest tube 
placement into the ventricle [25].

Empyema

Thoracic infections can be complicated by the development 
of pleural empyemas: loculated fibrinopurulent collections 
in the pleural space. Empyemas carry considerable morbid-
ity, and are associated with mortality of up to 20%. Most 
empyemas result from parapneumonic effusions in patients 
with pneumonia, with nearly half resulting from infection 
with gram-positive bacteria (Table 43.2). If untreated, these 
effusions progress from freely flowing exudates to multiloc-
ulated collections. Empyema can result in sepsis, respiratory 
compromise, and trapped lung [26].

Thoracic empyema affects roughly 65,000 people annu-
ally. A retrospective study of 132 patients in Taiwan com-
pared community acquired empyema in patients under  
65 years of age to those over 65. Risk factors for the devel-
opment of empyema in older patients included chronic lung 
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disease, central nervous system disease, malignancy, and 
diabetes mellitus. Most thoracic empyemas develop as a 
complication of bronchopulmonary infection, but they can 
also result from intra-abdominal infection, esophageal fis-
tula, chest trauma, retropharyngeal or periodontal abscesses, 
and mycotic aortic aneuryms. Older patients were less likely 
to present with high fevers and chest pain, but more likely 
to have dyspnea. Microbiology data did not differ signifi-
cantly from the younger group of patients. Although the 
older group had increased incidence of respiratory failure, 
renal failure, shock, and longer hospital stays, the overall 
mortality was the same. While earlier surgical intervention 
led to faster recovery in the younger group of patients, early 
intervention did not alter the recovery course for older 
patients [27].

Given the high incidence of pneumonia in the elderly 
population, older patients are at an attendant increased risk 
of developing empyemas. Those elderly patients who reside 
in nursing homes are at particular risk of developing empy-
emas following aspiration pneumonia, and presenting with 
more indolent, subtle symptoms.

A comparison of community-acquired vs. nursing-home 
acquired empyemas found that community-dwelling patients 
typically presented with dyspnea, fever, and cough, while 
nursing home residents were more likely to present with 
 dyspnea and weight loss. More nursing home residents had 
multiloculated effusions on computed tomography. Not sur-
prisingly, the success rate of nonsurgical intervention was 
significantly lower for the nursing-home patients.

Anaerobic bacteria were more frequently isolated from 
the pleural cultures of nursing home residents compared to 

community dwellers, suggesting that swallowing  abnormalities, 
as one might develop from dementia or cerebrovascular acci-
dent, put the patient at high risk of aspiration pneumonia and 
subsequent empyema development. Oral and dental hygiene 
thus remains a potentially modifiable risk factor in the elderly 
nursing home patient population. Speech and language special-
ists can be indispensible in detecting patients at high risk for 
aspiration.

Elderly patients undergoing thoracoscopic or open evac-
uation of empyema and pneumolysis have higher mortality 
rates than younger patients. One study found surgery-
related mortality rates of 3.46% in patients under 70, vs. 
18.3% in patients over 70 years undergoing surgical treat-
ment of thoracic empyema. Risk factors for surgery related 
mortality in the elderly population included the presence of 
lung abscess, necrotizing pneumonitis, and preoperative 
ventilatory dependency. This is perhaps related to decreased 
physiologic reserve, with respiratory muscle atrophy, and 
resultant reduced force-generating capacity of the respira-
tory muscles [28].

Rheumatoid Pleural Effusions

Although rare, pleural effusions can develop as a complica-
tion of rheumatoid arthritis (RA). While clinically significant 
effusions are uncommon, pleural involvement is the most 
frequent manifestation of RA in the chest, and pleural effu-
sions can be the initial presentation of previously undiag-
nosed RA. Men with high rheumatoid factor titers are most 
likely to be affected.

Rheumatoid pleural effusions result from rheumatoid 
nodules on the parietal pleural surface, increasing the per-
meability of pleural capillaries and decreasing egress of 
fluid from the pleural cavity. These nodules are occasionally 
seen during thoracoscopic biopsies as numerous small vesi-
cles or granules, giving the parietal pleura a “gritty” appear-
ance. Mesothelial cells are replaced by a pseudo-stratified 
epithelioid cell layer which is easily detached, leaving an 
inflamed pleural surface with impaired pleural fluid absorp-
tion. Rheumatoid pleural effusions are exudative, with lym-
phocytic predominance. Tadpole cells (likely of macrophage 
origin), palisades of epithelioid cells, and a lack of mesothe-
lial cells in the pleural fluid are suggestive of rheumatoid 
effusion.

Most rheumatoid pleural effusions resolve in an average 
of 14 months, and they are typically treated with repeated 
aspiration if clinically indicated. However, some patients 
will require pleurectomy for nonexpanding lung. Pleural 
biopsy is only indicated in atypical cases of rheumatoid pleu-
ral effusion – those patients without arthritis, with a chylous 
effusion, or when tuberculosis or malignancy is suspected. 

Table 43.2 Bacterial isolates in empyema in patients aged 65 or older, 
excluding mycobacterium, both community and nursing home acquired

Organism

Percent of positive pleural cultures

Tsai et al. (%) El Solh et al. (%)

Aerobic gram-positive 46 49
Streptococcus milleri
Viridans streptococci
Staphylococcus aureus
Streptococcus pneumoniae

Aerobic gram-negative 24 27
Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis
Pseudomonas aeruginosa

Anaerobic 21 26
Peptostreptococcus species
Bacteroides species
Prevotella species
Fusobacterium species

Fungal 9
Candida albicans
Nonalbicans Candida
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Ruling out infection and malignancy are critical, particularly 
since therapy for RA involves immunosuppressive agents as 
well as new biologic therapies [29, 30].

Chronic Obstructive Pulmonary  
Disease in the Elderly

COPD is characterized as symptomatic impairment of air-
flow due to progressive degradation of the alveoli or chronic 
inflammation of the more proximal bronchi. As a result of an 
aging population and the often delayed onset of severe symp-
toms that result from smoking, an increasing prevalence of 
COPD has been observed [31]. Historically, COPD has been 
divided into the categories chronic bronchitis and emphy-
sema, with the former characterized by a productive cough 
for at least 3 months per year for two or more consecutive 
years. COPD is the fourth leading cause of overall mortality 
nationwide [32].

Tobacco use remains the most significant risk factor for 
COPD in the elderly despite recent promising trends of 
decreasing smoking rates. The cumulative effects of smok-
ing and age related diminution in lung function conspire to 
cause progressive symptomatic pulmonary disease, particu-
larly in the elderly population. Both functional and structural 
changes are observed in the elderly lung including alveolar 
dilation, reduction in elastic recoil of the lung, changes in the 
compliance of the chest wall, and reduced respiratory muscle 
capacity [33]. The net results are impaired expiratory vol-
umes (FEV1) with increased residual volumes of the lung 
and decreased FVC. Classic emphysema involves destruc-
tion of the distal airways with enzymatic degradation of the 
alveolar walls. In a population already experiencing the nor-
mal effects of aging on the lung, this loss of alveolar wall 
integrity results in progressive airflow obstruction and air 
trapping that is not reversible with medical treatments [34]. 
Those with genetic risk factors, such as alpha-1-antitrypsin 
(AAT) deficiency are more susceptible to the effects of smok-
ing. AAT deficiency is a risk factor identified in fewer than 
5% of patients with COPD. AAT acts a protease inhibitor of 
alveolar elastase released from inflammatory cells [35]. The 
clinical effects of the variant forms of AAT are variable and 
no clear natural history has been determined. However, the 
link between smoking and AAT associated COPD is well 
established.

Pulmonary function testing is used to assess and follow 
disease severity in COPD. Significant airflow obstruction is 
considered present when the ratio FEV1/FVC falls to less than 
0.7. An FEV1 less than 50% of what is predicted is considered 
severe, and measures of decline in FEV1 are often used to 
evaluate decline in lung function or response to intervention 
[36]. As airflow limitations become more pronounced and 

FEV1/FVC ratios decrease, the response to  bronchodilators is 
lessened and therapeutic options become limited. The chroni-
cally hyperinflated lungs ultimately lead to flattening of the 
diaphragms which become atrophic and weakened. Clinically, 
COPD is characterized by acute periods of decompensation 
often brought on by pulmonary infection, fluid overload, aller-
gies, or pulmonary thromboembolism which may be present 
in up to 25% of patients with COPD [37].

Initial medical therapy for COPD involves elimination 
of the noxious effects of cigarette smoking. Cessation of 
smoking can slow the rate of decline of lung function in 
COPD patients. Thus, even in elderly patients it is impor-
tant for physicians to screen patients for tobacco use when 
obtaining a medical history. Common medical approaches 
include daily bronchodilators, and inhaled corticosteroids 
in addition to supplemental oxygen. In limited clinical trials 
trans-tracheal oxygenation through pinpoint tracheostomies 
has been used with success [38].

Emphysema patients are often under-nourished. Age 
related decline in appetite coupled with the work of breath-
ing associated with the decline in normal lung function may 
result in inadequate caloric intake. Screening for nutritional 
insufficiencies by following weights or daily calorie counts 
should be considered [39].

Pulmonary rehabilitation is effective for patients with 
progressive respiratory impairment. Efforts such as resis-
tance training and disciplined aerobic training are associated 
with measurable improvements in spirometry [40]. Such 
measures are an important intermediate step before proceed-
ing to more aggressive surgical interventions.

Three principle interventional techniques exist for COPD: 
lung volume reduction surgery (LVRS), lung transplantation, 
and endobronchial approaches.

First introduced in the 1950s by Brantigan, lung volume 
reduction therapy has been associated with inconsistent 
 success in improving lung function and symptoms in emphy-
sema patients [41]. The National Emphysema Treatment 
Trial (NETT) was a randomized, prospective trial compar-
ing lung volume reduction to medical therapy in patients 
with severe emphysema. Reported in 2003, this trial showed 
no difference in overall survival between the two treatment 
groups [42]. However, subgroups with high surgical risk 
and those who had benefit from surgery were identified. 
Patients with FEV1 less than 20% of expected had high sur-
gical mortality, while those with upper lobe predominant 
disease and impaired 6 min walk tests had improved pulmo-
nary function following lung volume reduction surgery. 
While the trial was “negative” with respect to overall sur-
vival, the subgroup analysis has served to frame surgical 
opinion regarding the proper patient selection for the proce-
dure [43]. Since the inception of the NETT trial, several 
advances in surgical therapy have been introduced including 
near routine use of minimally invasive techniques and better 
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options for sealants of air leaks. As a result of better patient 
selection and techniques, mortality rates from the procedure 
have fallen [44] (Fig. 43.1a, b).

Lung transplantation in the elderly has been employed on 
a limited basis. While many centers have limited the age of 
the recipients to 60 years and younger, several centers have 
published good results in selected patients 70 years and over. 
Perioperative mortality does not appear to differ significantly 
in these older patients presumably because they are more 
carefully selected among potential recipients [45]. Elderly 
emphysema patients with well compensated emphysema 
have relatively low allocation scores used to determine the 
priority of transplant recipients [46].

Endobronchial techniques in COPD have met with vary-
ing levels of success [47]. These approaches include bron-
chial blockers, airway bypass, endobronchial valves, biologic 
sealants, and thermal ablative technologies. The principle 
advantage of bronchoscopic approaches to COPD is a lower 
procedure associated mortality and morbidity in comparison 
to surgery. While demonstration of objective improvement in 
lung function through spirometry has been inconsistent, sub-
jective measures such as dyspnea scores appear to improve 
after intervention. One potential advantage of bronchoscopic 

technology is the ability to select target segments of the 
 tracheo-bronchial tree in non upper lobe predominant COPD 
[48]. LVRS with heterogeneous disease is associated with 
high treatment related morbidity and mortality, and a less 
invasive approach for this subset of patients is desirable. 
In frail elderly patients in whom surgical risk may be 
 prohibitive, endobronchial technologies represent viable 
treatment options.

Summary

The spectrum of benign thoracic disease in the elderly 
includes structural abnormalities, infectious disease and their 
complications, benign neoplastic growths, auto-immune dis-
ease and, progressive decline in pulmonary function. 
Differences in physiologic reserve in this population make 
diagnosis difficult, as elderly patients may not present in the 
classic fashion, and complicate treatment. Thus, benign tho-
racic disease in the elderly can pose a challenging clinical 
problem. Older patients with comorbid diseases may have 
poor tolerance of unnecessary surgical interventions. 

Fig. 43.1 Chest X-rays of a patient before and after lung volume reduc-
tion surgery. (a) This preoperative chest radiograph shows right sided, 
heterogeneous, apical dominant emphysema in a 65-year-old-woman. 

(b) Six months after the patient underwent lung volume reduction 
 surgery, the chest radiograph shows a reduction in right sided lung vol-
ume with improved distribution of pulmonary parenchyma
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However, in well selected patients with partially reversible 
conditions, surgery can provide improved quality of life and 
relief of dyspnea. Benign disorders of the chest associated 
with symptoms due to effusion or obstruction of airways can 
limit quality of life, and COPD may progress to severe 
impairment. Minimally invasive techniques (such as video-
assisted thoracoscopic surgery) can limit the morbidity asso-
ciated with intervention. Additionally, prompt intervention 
may spare the patient more invasive treatments. For example, 
early effusions can be managed with simple drainage rather 
than thoracotomy and decortication.

With respect to suspected benign thoracic lesions in the 
elderly, guiding principles for management include avoiding 
unnecessary interventions while not overlooking potential 
malignancies. Close surveillance of progressive symptoms, 
assuring no radiographic change in the size of the lesion over 
2 years, and use of positron-emission tomography remain the 
diagnostic keys to accurate management.
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Abstract Although lung transplantation became clinically 
widespread only during the 1990s, it is currently considered 
a standard treatment for a growing list of end-stage chronic 
lung diseases. With increasing experience, the range of ages 
of potential candidates for lung transplantation has been 
extended to now include more elderly patients. Although 
long term survival data shows an overall increased rela-
tive risk associated with elderly patients as compared with 
younger counterparts, lung transplantation remains a viable 
option for certain highly selected elderly patients. As is the 
case with most diseases, potential lung transplant patients at 
the upper extremes of age appropriately receive increased 
scrutiny in the preoperative evaluation process. Furthermore, 
in an effort to expand the donor organ pool, the age of 
potential cadaveric multiorgan donors considered for lung 
transplantation has extended into the elderly population. 
Considerations in lung transplantation particular to elderly 
recipients and elderly donors, including issues of patient 
selection as well as technical aspects relevant to lung trans-
plantation in the elderly are the subject of this chapter.

Keywords Acute rejection • Alpha-1 antitrypsin deficiency 
emphysema • Anastomosis • Bronchiolitis obliterans syndrome 
• Cardiopulmonary bypass • Chronic obstructive pulmonary 
disease • Chronic rejection • Emphysema • Idiopathic pulmo-
nary arterial hypertension • Idiopathic pulmonary fibrosis  
• Immunosuppression • Lung allocation score • Lung transplant 
donor • Lung transplant recipient • Lung transplantation

Introduction

In 1963, Hardy and associates reported on the first human lung 
transplantation, which resulted in only an 18-day survival, but 
illustrated the technical feasibility of the procedure [1]. 

Over the next 20 years, multiple further attempts remained 
unsuccessful until 1983, when the University of Toronto 
group, under the leadership of Joel Cooper and Alec Patterson, 
achieved the first long term survival following single lung 
transplantation [2]. This was followed in 1986 with the first 
successful double lung transplantation, again at the University 
of Toronto [3]. Since these first successes, the field of lung 
transplantation has grown in both the number of procedures 
performed, and the scope of chronic lung disease that is treated. 
In 2007, over 2,700 lung transplants were reported worldwide 
to the registry of the International Society of Heart and Lung 
Transplantation (ISHLT) [4].

Lung transplantation currently is a viable treatment option 
for a wide spectrum of chronic end-stage lung diseases as 
presented in Table 44.1. By far, the two most frequent of 
these indications are chronic obstructive pulmonary disease 
(COPD) and idiopathic pulmonary fibrosis (IPF), typically 
affecting patients in their sixth to eighth decades [4]. In fact, 
the age range of lung transplant recipients has been increas-
ing to include both pediatric and elderly patients. Similarly, 
the age range of multiorgan donors, including those being 
considered to be potential lung donors for transplantation 
has been increasing in an effort to expand the lung donor 
organ pool.

Elderly Lung Transplant Recipients

In the early days of lung transplantation, the age range of 
recipients was initially very restrictive. In fact, the University 
of Toronto group, which had initially the largest successful 
experience in clinical lung transplantation, for a number of 
years in the late 1980s and early 1990s, restricted the upper 
age limit for lung transplant recipients to 50 years of age [5]. 
Nevertheless, it was recognized early on that this restrictive 
upper limit would exclude a major portion of the very patients 
suffering from end-stage chronic lung diseases such as 
COPD and IPF. Efforts began soon thereafter to experiment 
with extending the upper age limit for potential recipients in 
order to meet the obvious need of that particular age group.
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At first, concerns regarding older lung transplant recipi-
ents related to deaths due to cardiac morbidity and the initial 
requirement for cardiopulmonary bypass (CPB) in double 
lung transplants and patients with pulmonary hypertension 
[5]. This lead to initially stretching the age range upwards 
into ages 50–55 years by offering exclusively single lung 
transplantation [6]. Eventually it was shown that CPB was 
not always necessary for double lung transplantation with the 
technique of bilateral sequential lung transplantation [7].

With further improvements in surgical technique and 
more in depth experience in the critical care and immuno-
suppression of lung transplant recipients, the upper age limit 
has continued to be gradually extended. The mean age of 
lung transplant recipients has continued to increase since 
1989, when the average recipient was approximately 40 
years old. In 2008, the average lung transplant recipient was 
50.8 years old. Most markedly, the proportion of recipients 
60 years of age or older has increased from 15% in 1998 to 
35% in 2008. The proportion in the age group of 65 years of 
age and older was as high as 9% of the overall lung trans-
plant recipient cohort. This upward trend in the upper age 
limit for lung transplantation is seen globally, but is more 
prevalent in North American lung transplant centers [4]. 
Nevertheless, it should be noted that the most recent publica-
tion of the international guidelines for the selection of lung 
transplant recipients continues to include age older than 65 
as a relative but not absolute contraindication [8].

The two most common indications for lung transplantation 
in the general population as well as the elderly are COPD and 
IPF. In the cohort of lung transplant recipients over the age of 
60, COPD and IPF account for more than 80% of all registry 
reports and case series [4, 9–13]. In our own institutional series 
(1990–2009), recipients 60 years of age and over accounted 
for 25% of our lung transplant cases. COPD accounted for 

47% of these cases while IPF, Alpha-1 antitrypsin deficiency 
emphysema, and pulmonary fibrosis due to connective tissue 
disease accounted for 35, 9 and 9% respectively. Conversely, 
in our cohort of recipients less than 60 years of age, COPD and 
IPF accounted for only 29 and 16% of the diagnoses leading to 
transplantation.

The choice of single vs. bilateral lung transplantation 
remains a controversial issue [14]. The prevailing consensus 
during the early experience in lung transplantation was that 
bilateral lung transplantation was perhaps too rigorous a pro-
cedure for older patients, and this was manifested in the 
observation that significantly more bilateral lung transplants 
were being done in the younger patient cohorts, while older 
patients were receiving predominantly single lung trans-
plants. Indeed, the 1998 ISHLT guidelines specified the 
upper age limit of 65 years for single lung transplantation 
and 60 years for bilateral lung transplantation [15]. 
Nevertheless, increasing experience with bilateral lung trans-
plantation has been observed and accounted for 69% of all 
transplants in 2007 as reported by the ISHLT registry [4]. In 
particular, distinct increases in the proportion of bilateral 
lung transplantations have been seen in both COPD and IPF 
cohorts in recent years. This has occurred in parallel with the 
aforementioned increase in the proportion of elderly lung 
transplant recipients.

It is clear from the ISHLT registry data as well as multiple 
large single institution reports that bilateral lung transplanta-
tion confers a statistically significant long term survival 
advantage [4, 16–19]. Median survival for bilateral lung 
transplantation was 6.6 years as compared with 4.6 years for 
single lung transplantation. Even more striking is the median 
survival conditional on 1-year survival which was 9.0 years 
and 6.4 years for bilateral and single lung transplants respec-
tively [4]. This long term survival advantage for bilateral 
lung transplant recipients is likely the most important factor 
in the continuing increase in the proportion of this approach 
as compared with single lung transplantation. In the case of 
elderly lung transplant candidates with COPD or IPF, who 
could receive either a single or bilateral lung transplant, the 
controversy regarding the appropriate role of these two 
approaches remains. Nevertheless, there appears, in recent 
years, to be an increasing experience with bilateral proce-
dures. In our own institutional series, we have employed 
bilateral lung transplantation in 37.5% of our recipients  
60 years of age or older.

When considering survival outcomes of lung transplanta-
tion in the elderly, analysis of the data from the ISHLT regis-
try demonstrates that age of recipient is a significant factor in 
both short and long term survival [4]. One-year survival for 
recipients younger than 50 was 80% as compared to 72% for 
those older than 65. Five-year survival was 56% for recipi-
ents aged 35–49, while it was only 37% for those above 65. 
Whereas median survival for patients aged 35–49 is 6.3 years 

Table 44.1 Indications for lung transplantation and percentage of 
cases by diagnosis

Diagnosis
% of lung 
transplants

COPD/emphysema 36
Idiopathic pulmonary fibrosis 21
Cystic fibrosis 16
Alpha-1 antitrypsin deficiency emphysema 7
Idiopathic pulmonary arterial hypertension 3
Sarcoidosis 3
Bronchiectasis 1
Lymphangioleiomyomatosis 1
Congenital heart disease 1
Retransplantation – obliterative broncholitis 1
Nonretransplantation – obliterative bronchiolitis 1
Retransplantation – not obliterative bronchiolitis 1
Connective tissue diseases 1
Other 7

COPD chronic obstructive pulmonary disease
Source: data from Ref [4]
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and for patients aged 50–59 was 5.1 years, for patients in the 
elderly age cohorts of 60–65 years and those 66 years and 
above the median survival was 4.2 years and 3.2 years respec-
tively. One caveat that was noted in interpreting these results 
is that these comparisons between age cohorts, although sta-
tistically significant, were not adjusted for other possible 
confounding factors. The authors of the ISHLT registry 
report noted that since the majority of lung transplantation in 
the elderly has taken place in the more modern era of lung 
transplantation and that overall survival has generally 
improved in the more recent cohorts of patients, the negative 
age-related effects may be in reality more profound if 
adjusted for era of transplantation. However, it could also be 
argued in a similar fashion that since bilateral lung trans-
plants are more often reserved for younger patients and that 
this approach is known to have improved long term survival, 
adjustment for type of lung transplant (single vs. bilateral) 
may in fact reduce the gradient of survival difference seem-
ingly related to age.

Apart from the overall ISHLT registry data, a small num-
ber of single institution series of lung transplantation in the 
elderly have been reported [10, 11, 13, 20–22]. Admittedly, 
these studies report on much smaller cohorts of patients than 
the overall international registry kept by the ISHLT and there-
fore none of them come close to having the same statistical 
power as the data from the ISHLT registry. Both a combina-
tion of this lack of statistical power (increased likelihood of 
a type II error) as well as a reporting bias that favors reports 
from institutions that have had a favorable experience likely 
explains the contradictory findings of equal success with 
lung transplant in the elderly in these recent single institution 
series. In our institutional case series, comprising 32 patients 
aged 60–73 years of age, 30-day, 90-day, and 5-year survival 
was 93.7, 91.3 and 47.3% respectively. No difference was 
found in these outcomes as compared with our lung trans-
plant recipients younger than 60 years of age.

Although most of these case series report favorable expe-
rience in lung transplantation in the elderly, one of these 
reports notes worsening survival outcomes for lung trans-
plant recipients over the age of 60 [11]. In this series, 11 of 
42 patients (26.2%) died within 6 months of transplantation, 
with ten of these early deaths (90.9%) attributed to infectious 
causes. A similar finding of a large proportion of infection 
related deaths (6 of 8) in this population within 1 year of 
transplant was reported [10]. More information regarding the 
causes of death for elderly lung transplant recipients was 
ascertained by the Duke University group who investigated 
the United Network for Organ Sharing (UNOS) database. 
They found that in recipients over the age of 65, as compared 
with their younger lung transplant recipient counterparts, 
there were trends toward increased cerebrovascular, cardio-
vascular and malignancy related deaths with rates of 4.4, 7.6, 
and 9.6% respectively [23].

Notwithstanding their small number of cases, these single 
institution case series do have the value of emphasizing the 
potential success of lung transplantation in the elderly. They 
also, in some cases, shed some light on the very critical 
aspect of recipient selection, and equally important notion of 
tailoring postoperative care including immunosuppression 
strategies. Furthermore, these case series currently provide 
the most informative data regarding complications and mor-
bidity specific to elderly lung transplant recipients.

As noted previously, infectious complications appear to 
be notably prevalent for elderly lung transplant patients in 
the first year following transplantation, and carry significant 
consequences on survival [10, 11]. This may be a further 
emphasis of the increased risk of infection, particularly pul-
monary infections ,known to be preferentially manifested to 
some extent in older patients in general [24].

It is also recognized that lung transplant recipients, in 
general, are at a higher risk of developing renal dysfunction 
with rates of 25% within the first year [4]. This is associated 
with a 4-times higher relative risk of death [25]. Elderly 
recipients are potentially at a further increased risk due to a 
concomitant increased rate of hypertension, hyperlipidemia, 
and diabetes mellitus in this age group.

In terms of rejection episodes within the first year after 
lung transplantation, elderly recipients, in general, do not 
demonstrate an overall increased risk when compared to 
younger lung transplant recipients [4]. Within this age group, 
however, there are differences in the incidence of rejection 
episodes within the first year according to induction therapy 
strategy. Whereas the proportion of elderly transplant recipi-
ents (66 years of age and older) experiencing a rejection epi-
sode in the first year after transplantation is approximately 
30% for those receiving interleukin 2 receptor antagonists as 
induction agents, it is 59% for those receiving polyclonal 
induction therapy [4]. Maintenance immunotherapy options 
also are associated with significantly different percentages of 
patients having a rejection episode within 1 year of lung 
transplantation. Whereas only about 25% experience a within 
1-year rejection episode with tacrolimus and mycophenolate 
treatment, 70% of those receiving cyclosporine and azathio-
prine will develop acute rejection within 1 year of lung trans-
plant [4].

Selection of Elderly Candidates  
for Lung Transplantation

Lung transplantation causes significant physiologic stress to 
the recipient, requiring considerable ability to recover physi-
ologic homeostasis.Also,, there is a recognized relative scar-
city of appropriate donor lungs for transplantation, along 
with a tremendous amount of resources required for successful 
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lung transplantation. A deliberate selection of appropriate 
candidates for lung transplantation is therefore of critical 
importance for patients of all ages. It becomes increasingly 
important in patients of advanced age due to the increased 
potential prevalence of major comorbidities.

The initial investigations and consultations recommended 
during the pretransplant evaluation of elderly lung transplant 
candidates are presented in Table 44.2. Specific attention in 
elderly patients is emphasized in certain areas of well-defined 
increased risk. Further targeted investigations may be war-
ranted according to the findings of the initial tests.

In the pulmonary system, beyond confirming the underly-
ing pulmonary process leading to end-stage lung disease and 
the need for transplantation, there should be an assessment 

of the potential atrophy of respiratory musculature, and the 
degree of age-related stiffening of the chest wall due calci-
fied costal cartilages, narrowing of intervertebral disc spaces 
and kyphosis. These are not usually reversible after trans-
plantation, and will all negatively affect chest wall mechanics 
potentially causing sufficient impairment to compromise or 
even negate the benefit of lung transplantation.

Special attention must be given to the cardiovascular sys-
tem. Identification of pulmonary hypertension is essential, 
as this will significantly influence the need for CPB during 
the transplant procedure. Although advanced age is not a 
contraindication for the use of CPB, the requirement for its 
assistance during lung transplantation has been associated 
with increased morbidity and mortality [16]. Furthermore, it 
has been shown that neither the presence of mild to moder-
ate coronary artery disease, nor the need to undergo con-
comitant coronary artery bypass grafting at the time of lung 
transplantation, have adversely affected survival outcomes. 
These findings however emanate from small single institu-
tion studies where age of the recipient was not considered 
[26, 27].

In the elderly population, particular attention to issues 
related to osteoporosis, renal dysfunction, and diabetes are 
essential as these patients are at increased risk for these 
comorbidities. A specific consultation with an endocrinolo-
gist specializing in transplantation is advised. As the preva-
lence of cancer increases substantially with advancing age, 
we find it prudent to specifically investigate for this. Apart 
from the requisite history and physical exam, we recommend 
the addition of a fused positron emission tomography and 
computed tomography scan as a noninvasive screening test.

Specific geriatric assessment is essential in order to com-
pletely assess potential elderly lung transplant candidates. In 
particular, this includes an assessment of the candidate’s 
ability to perform activities of daily living (ADLs) such as 
bathing, dressing and feeding one’s self, going to the toilet 
and maintaining continence, and transferring from a bed to a 
chair. The inability to perform these basic functions has been 
associated with increased perioperative morbidity, albeit in 
nontransplant situations [28]. Higher functioning skills are 
tested by so-called instrumental activities of daily living 
(IADLs) which include the ability to use a telephone, shop 
for one’s self, prepare food, perform housekeeping and laun-
dry, use various forms of transportation, assume responsibil-
ity for medications, and manage personal finances. When an 
elderly patient requires assistance with these tasks, this has 
been predictive of prolonged hospital stay, and increased 
dependance on postdischarge resources and services, such 
as home care or nursing home placement [29]. These would 
be considered surrogates for decreased benefit following 
lung transplantation. The transplant candidacy of a patient 
who has difficulty with these tasks should be seriously 
questioned.

Table 44.2 Recommended investigations for evaluation of potential 
elderly lung transplant candidates

General History and physical examination
Screening bloodwork (CBC, electrolytes, 

AST, ALT, alkaline phosphatase, INR
Pulmonary system Pulmonary function tests (spirometry and 

diffusing capacity)
Arterial blood gas analysis
High definition computed tomography scan 

of chest and upper abdomen
Fused computed tomography-positron 

emission tomography scan
Quantitative ventilation-perfusion scan  

(V/Q scan)
Cotinine blood level

Cardiovascular system Electrocardiogram
Echocardiogram
Right heart catheterization
Coronary angiogram
Carotid artery doppler ultrasound
Six minute walk test

Infectious disease 
evaluation

Serology – cytomegalovirus, Ebstein–Barr 
virus, toxoplasma

Renal system Serum creatinine
Urinalysis
Corrected iothalamate clearance

Endocrine system Bone densitometry
Fasting glucose, hemoglobin A-1C

Immunology system ABO Blood typing
Single bead antigen HLA typing

Cognitive and 
psychosocial 
evaluation

Transplant psychiatry evaluation
Social work evaluation of social support 

network
Geriatric assessment ADLs assessment

IADLs assessment

CBC complete blood count; AST aspartate transaminase; ALT alanine 
transaminase; INR international normalized ratio; HLA human leuko-
cyte antigen; ADLs activities of daily living (ability to bathe, dress, go 
to the toilet, maintain continence, feed one’s self, transfer from bed to 
chair); IADLs instrumental activities of daily living (ability to use tele-
phone, ability to shop for oneself, prepare food, perform housekeeping 
and laundry, use various forms of transportation, assume responsibility 
for medications, manage personal finances)
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Technical Considerations for Elderly  
Lung Transplant Recipients

The technique for lung transplantation has evolved since its 
first successful clinical cases. Early concerns regarding air-
way anastomotic complications were managed with the use 
of omental flap coverage, requiring entry into the abdomen. 
With more tailored immunosuppression strategies available 
in recent times, a more judicious use of perioperative ste-
roids has been possible. Furthermore, technical refinements 
such as circumferentially covering the bronchial anastomo-
sis with native peribronchial tissue, and limiting the length of 
the donor bronchus to 1–2 cartilaginous rings proximal to the 
lobar bifurcation, thus minimizing the length of ischemic 
donor airway, have resulted in a decrease in postoperative 
airway complications.

The technical aspects of the lung transplantation proce-
dure in the elderly recipients are similar to those in younger 
recipients. Consideration of certain aspects particular to 
elderly recipients are nevertheless advisable. As an example, 
because of the higher incidence of osteopenia and osteoporo-
sis in the elderly population, the ability, when possible, to 
limit the incision and exposure, in the case of a bilateral lung 
transplant, to bilateral anterior thoracotomies is preferred. 
This avoids the significant potential morbidity associated 
with the transverse sternotomy inherent in the full “clam-
shell” approach. When the transverse sternotomy is needed, 
as in the case where CPB is planned or required, some cen-
ters have used metal struts embedded longitudinally across 
the transverse sternal closure to support this postoperatively 
and avoid complications of sternal instability.

The trend in the use of single or bilateral lung transplant 
in the elderly has evolved over time, with an increasing use 
of bilateral lung transplantation being seen in recent years. In 
our Mayo Clinic series we elected to use bilateral lung trans-
plantation in 37.5% of patients who were 60 years of age or 
older. We observed no increase in associated morbidity or 
mortality in this highly selected group of patients. Ultimately, 
the decision to proceed with single or bilateral lung trans-
plantation must be individualized in keeping with the reali-
ties of organ availability, individual patient characteristics 
and urgency, as well as transplant center-specific expertise.

When contemplating bilateral lung transplantation, in 
patients of any age, the increased potential need for CPB 
should be taken into consideration. As mentioned above, 
although it is associated with increased morbidity and mor-
tality, the requirement for CPB is not an absolute contraindi-
cation to lung transplantation in the elderly. Nevertheless, it 
is advisable to avoid CPB if feasible. Therefore, at the time 
of evaluation of an elderly candidate for lung transplanta-
tion, it is important to specifically review the possible need 
for CPB, and consider this in the decision to proceed to wait 

listing that particular patient. This is especially the case if 
there is known preoperative pulmonary hypertension, which 
would increase the likelihood of requiring CPB at the time of 
lung transplantation.

As with all patients, but potentially more critically impor-
tant in the elderly patients awaiting lung transplantation, it is 
imperative that they be encouraged to maintain or improve 
their overall level of fitness in preparation for their proce-
dure. Admittedly, this may be difficult due to their underly-
ing lung disease. It has been observed that notwithstanding 
the severity of lung disease, the intensity of the exercise pro-
gram is determined for the most part by the individual’s 
symptom limitation, and the acknowledgment that adequate 
rest between exercises is necessary to provide for recovery 
[30]. It is our policy to enlist our patients awaiting lung trans-
plantation in a structured pulmonary rehabilitation program. 
This has the dual effect of enhancing fitness leading up to 
lung transplantation and providing the basis for further ben-
eficial exercise rehabilitation postoperatively [31].

A further consideration in the postoperative management 
of elderly lung transplant recipients revolves around immu-
nosuppression issues. As mentioned earlier, elderly patients 
have a more marked response to different immunosuppres-
sion strategies. The ISHLT registry records almost double 
the proportion of patients over the age of 65 experiencing a 
rejection episode within the first year of lung transplanta tion 
when they have received polyclonal induction therapy 
(59%) vs. an interleukin 2 receptor antagonist (30%) [4]. 
Furthermore, in terms of maintenance immunosuppression, 
for the same group of elderly patients, 70% experience a 
rejection episode within the first year after lung transplanta-
tion when treated with cyclosporine and azathioprine vs. 
25% in the group treated with tacrolimus and mycophenolate 
(p < 0.0001) [4]. These observations appear as a more strik-
ing contrast in the elderly recipient population as compared 
with younger recipient groups. The reasons for this differ-
ence are not completely elucidated, but they underline the 
challenges and opportunities in targeting postoperative strat-
egies for the elderly cohort.

Elderly Lung Transplant Donors

It should first be noted that although living lobar lung trans-
plantation has been successfully implemented in certain spe-
cialized centers, its widespread adoption has been limited 
[32, 33]. Therefore, the vast majority of lung transplants 
depend on the availability of brain-dead donors and more 
recently nonheart beating donors.

As the age of lung transplant recipients has increased over time, 
so too has an increase in the age of lung donors been observed. In 
2008, the average age of lung donors was 35.5 years [4]. In 2007, 
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5.1% of lung transplant donors were 60 years of age or older. 
The use of donors in this age group appears to be slightly higher in 
Europe (5.3%) as compared with North America (3.4%). These 
trends toward increasing use of older donors is likely a direct 
response to the increasing demand for lung transplantation in 
general along with a growing experience with expanding the age 
limit of potential lung donors.

Single center series of the use of elderly donors may be 
limited by relatively small cohort sizes but still provide the 
most minute details regarding this experience. In the largest 
single series published to date, the University of Toronto group 
described their experience with 60 lung transplants using 
donors ranging from 60 to 77 years of age (12.8% of their 
overall cases to that date) [34]. They observed a 17% 30-day 
mortality in this group as compared with 9% in the recipients 
of younger donors (p = 0.08). Ten-year survival appeared to be 
worse in the recipients of older donors (16 vs. 39%; p = 0.07). 
The leading cause of death in recipients of older donors was 
bronchiolitis obliterans syndrome (BOS), occurring in 65% of 
those surviving at least 90 days whereas it appeared in only 
34% of recipients of younger donors (p = 0.01).

Two European groups have reported their experience with 
lung donors over 50 or 55 years of age in an effort to increase 
the pool of potential lung donors [35, 36]. Both report satis-
factory short and long-term survival with no statistically sig-
nificant differences when compared with the younger donor 
cohort. Notwithstanding these examples of increased experi-
ence with older donors, the much larger cohort reviewed in 
the ISHLT registry clearly includes higher donor age as one 
of the continuous factors that significantly affect the risk of 
death. Using a reference age of 28 years, the relative risk of 
death in a 5-year survival calculation using a 55 year old 
donor was 1.21 (95% confidence interval = 1.06–1.38) [4]. It 
is expected that as further experience develops in the use of 
older donors, we may obtain clearer guidelines as to the use 
and limitations of older lung donors.

Considerations in the Allocation  
of Donor Lungs

In the United States, the allocation of deceased donor lungs 
changed in May, 2005 with the implementation of the lung 
allocation score (LAS). Prior to that date, deceased donor 
lungs were allocated, within ABO blood groups, solely on 
the basis of waiting time. The LAS was instituted to try to 
allocate donor lungs to patients with the greatest need, and 
with the greatest likelihood of benefit. A multifactorial 
equation relating the expected 1-year wait list mortality to 
the expected 1-year posttransplant survival of each lung 
transplant candidate is used to rank them for donor organ 
allocation priority.

Since its implementation, there have been a number of 
studies that have investigated the changes observed with the 
new allocation system [37, 38]. In general, it has been noted 
that recipient age has increased, as has the proportion of lung 
transplants done for IPF. There appears to also be a trend 
toward increasing severity with higher LAS values observed 
in recipients as compared with retrospectively computed 
LAS values for patients transplanted in the period just before 
LAS implementation.

A further analysis of the effect of the LAS system by the 
Scientific Registry of Transplant Recipients (SRTR) 
assessed the distribution of donor lungs to different recipi-
ent age groups [39]. This report noted that distribution of 
donor lungs has shifted from younger to older recipients. 
In the year prior to the LAS implementation, only 6% of 
lungs from donors aged 18–34 were placed with recipients 
aged 65 years or older. In contrast, in the latter half of 2008, 
this rate increased to 21%. Similarly, 6% of lungs from 
donors aged 35–49 years were allocated to recipients aged 
65 years or older. In the latter half of 2008, this rate also 
increased to 19%.

Summary

Lung transplantation has become a viable therapeutic option 
for many patients with end-stage lung diseases. By the very 
nature of the involved diseases such as COPD and IPF, which 
predominantly affect older patients, consideration of lung 
transplantation for elderly patients remains an important 
option.

Clearly as age increases into the sixties and beyond, the 
risks associated with transplantation increase in general. 
Nevertheless, certain highly selected elderly patients have 
been and can be good candidates for lung transplantation 
with not only “acceptable” but relatively comparable short 
and long term survival. In the particular case of a procedure 
with such intraoperative acuity but also important long 
term care ramifications as lung transplantation, a high 
degree of scrutiny during the selection process and an 
equally meticulous care in the short and long term after 
transplantation are necessary to obtain excellent results. 
Much of selection process requires individualization to the 
specific patient with regard to choice of procedure, choice 
of donor, immunosuppression strategy, and potential preex-
isting comorbidities.

Ultimately, rather than chronological age obtained from a 
birth certificate, it is the biologic or physiologic age of the 
individual patient, as assessed by appropriate medical testing 
and interpreted by an experienced multidisciplinary lung 
transplant team that is a more accurate guide to selection of 
the proper candidate for lung transplantation.
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Abstract Neoplasms of the esophagus and gastroesophageal 
junction are aggressive tumors that often present at an 
advanced stage, and that historically have been associated 
with poor survival despite therapy. 16,470 Americans are 
diagnosed with and 14,280 die of esophageal cancer annually, 
and the incidence is increasing. In fact, the incidence of 
esophageal adenocarcinoma (EAC) has increased in the last 
25 years, greater than the incidence of any other major malig-
nancy in the United States. Esophageal cancer is primarily a 
disease of the elderly. The median age at diagnosis is 69 years, 
with 61.5% of those diagnosed being age 65 or older. While 
surgery remains the best single modality of therapy in terms 
of survival and durable control of dysphagia, careful patient 
selection and medical optimization of existing comorbidities 
is of paramount importance in maintaining acceptable surgi-
cal outcomes, especially in the elderly. Whether postsurgical 
outcome in the elderly is worse than for younger patients 
remains controversial. It seems likely that the best possible 
surgical outcomes are obtained in elderly patients who are 
meticulously screened, medically optimized with regards to 
existing comorbidities, and undergo surgery in a high-volume 
tertiary referral center. Recent data suggest that elderly 
patients with early EAC have improved survival following 
surgery rather than chemoradiation. Palliative esophagectomy 
for advanced stage malignancy is associated with mortality 
rates in excess of 20% and morbidity rates as high as 50% 
and should therefore be avoided. Very effective palliation 
can be obtained with chemotherapy, radiation therapy, and 
endoscopic interventions such as stenting.

Keywords Esophageal adenocarcinoma • Esophageal 
squamous cell carcinoma • Esophagogastric junction adeno-
carcinoma • Siewert classification • Tylosis • Barrett’s 

metaplasia • Columnar-lined esophagus • Gastroesophageal 
reflux disease • Endoscopic ultrasonography • Positron 
emission tomography • Photodynamic therapy • Radio-
frequency ablation • Transhiatal esophagectomy • Ivor 
Lewis esophagectomy • Thoracoabdominal esophagectomy 
• Three-hole esophagectomy • Minimally invasive esopha-
gectomy • Neoadjuvant therapy • Palliative chemoradiation 
• Endoscopic palliation • Esophageal stent

Neoplasms of the esophagus and gastroesophageal junction 
are aggressive tumors that often present at an advanced stage, 
and that historically have been associated with poor survival 
despite therapy. Surveillance, Epidemiology and End Results 
(SEER) data from the National Cancer Institute estimate that 
16,470 Americans are diagnosed with and 14,280 die of 
esophageal cancer annually. Moreover, the incidence of 
esophageal cancer is increasing, with an annual percentage 
change of +0.5% between 1975 and 2005. SEER data also 
demonstrate that esophageal cancer is primarily a disease of 
the elderly. From 2001 to 2005, the median age at diagnosis 
for cancer of the esophagus was 69 years, with 61.5% of 
those diagnosed being age 65 or older (Fig. 45.1) [1]. 
According to U.S. Census Bureau projections, we can expect 
our population to be older by midcentury. In 2000, 12% of 
the population was 65 or older. In 2030, when all of the baby 
boomers will be 65 or older, this age group will represent 
20% of the U.S. population. Furthermore, this age group is 
projected to increase to 88.5 million in 2050, more than dou-
bling the number in 2008 (38.7 million) [2]. It is apparent 
that surgeons should expect to see an ever-increasing number 
of patients with esophageal cancer. With earlier identifica-
tion due to surveillance of premalignant disease and improved 
treatment strategies, some improvement in 5-year survival 
has been made over the past two decades (Fig. 45.2). 
However, most patients still present at an advanced stage. 
Surgeons will continue to play a significant role in the man-
agement of these patients, performing potentially curative 
extirpation in those with early-stage disease, and palliative 
procedures in those with advanced malignancy.
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Histologic Classification, Location,  
and Incidence

Malignant neoplasms of the esophagus include epithelial 
tumors (such as adenocarcinoma, squamous cell carcinoma, 
and small cell carcinoma), sarcoma, lymphoma, primary 

melanoma, and metastatic lesions from distant primary sites 
(Table 45.1). Adenocarcinoma and squamous cell carcinoma 
are the most frequent malignant lesions, and adenocarcinoma 
has emerged in recent years as the more common lesion 
(Fig. 45.3). In fact, the incidence of esophageal adenocarci-
noma (EAC) has increased in the last 25 years greater than 
the incidence of any other major malignancy in the United 
States (Fig. 45.4) [3]. Most thoracic surgeons will complete 
an entire career without seeing the less common types of 
esophageal malignancies. In this chapter the focus is diagno-
sis and management of esophageal squamous cell carcinoma 
and adenocarcinoma.

The distribution of esophageal cancers along the esopha-
gus is different and somewhat characteristic. Squamous cell 
cancer occurs most commonly in the middle third of the 
esophagus. Postlethwaite [4], in a collective review of more 
than 28,000 patients with squamous tumors, reported these 
tumors to be in the upper, middle, and lower esophagus in 
15, 50, and 35% of patients, respectively. Adenocarcinoma, 
on the other hand, tends to involve the lower esophagus. 
Ming [5], reviewing a series of 4,783 patients with adenocar-
cinoma, showed the tumor to be in the lower third in 67%. 
Small-cell cancers occur with equal frequency in the middle 
and lower thirds, with the upper third involved in fewer than 
5% of cases [6]. Esophageal melanoma and choriocarci-
noma, though rare, seem to be most prevalent in the lower 
third. No specific pattern of distribution has been noted for 
esophageal sarcomas, lymphomas, or metastases.

There have been several consequences of the increasing 
prevalence of adenocarcinoma. Patients with adenocarcinoma 

Fig. 45.1 Age-specific incidence of esophageal cancer (2000–2005). 
Surveillance, epidemiology and end results (SEER) [1]

Fig. 45.2 Five-year survival rates of esophageal cancer by year of diag-
nosis (1975–2000). Surveillance, epidemiology and end results (SEER) [1]

Table 45.1 Histologic classification and incidence of malignant 
esophageal neoplasms

Histology Incidence

Epithelial
Adenocarcinoma Adenocarcinoma 56%
Squamous Cell Carcinoma Squamous Cell Carcinoma 38%
Other All Others 6%

Adenosquamous carcinoma
Mucopidermoid carcinoma
Adenoacanthoma
Adenoid cystic carcinoma
Small cell carcinoma
Choriocarcinoma
Carcinoid

Mesenchymal
Leiomyosarcoma
Rhabdomyosarcoma
Gastrointestinal stromal tumors 

(GISTs)
Synovial sarcoma
Primary esophageal lymphoma
Non-Hodgkin’s lymphoma
Hodgkin’s lymphoma
Primary esophageal malignant melanoma
Metastatic neoplasms to the esophagus
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are more likely to be treated surgically than nonsurgically. 
Therefore the predominance of adenocarcinoma in many U.S. 
surgical series results from two factors: an overall increase in 
the prevalence of adenocarcinoma since 1978, and an increase 
in the likelihood of resection for patients with these tumors. 
As adenocarcinoma invariably involves the lower third of the 
esophagus and esophagogastric junction, both the tumor and 
the regional lymph nodes are accessible through an abdominal 
approach, and are suitable for resection using the transhiatal 

esophagectomy (THE) technique. Because THE does not 
require thoracotomy, it may be suitable for some elderly 
patients who otherwise may not have been a candidate for sur-
gical therapy.

As the incidence of adenocarcinoma of the esophagogas-
tric junction (within 5 cm of the anatomic gastric cardia) has 
escalated, further categorization of tumors from this border 
region has become essential, as their pathogenesis and biol-
ogy differ considerably. The classification system proposed 
by Siewert and Stein has become increasingly accepted and 
utilized [7]. Type I tumors arise from Barrett’s metaplasia of 
the distal esophagus and infiltrate the esophagogastric junc-
tion from above. Type II tumors are located within 1 cm of 
the endoscopic cardia. Type III tumors arise in a subcardial 
location, but may involve the cardia or distal esophagus due 
to proximal infiltration. Type I tumors are typically resected 
by transhiatal or transthoracic esophagectomy. While limited 
resection of the distal esophagus and esophagogastric junc-
tion with jejunal interposition is possible for some type II 
and III tumors, most require esophagectomy combined with 
extended or total gastrectomy [8].

Pathogenesis

The exact etiology of esophageal cancer is unknown. Data 
supports the hypothesis that the most common epithelial 
tumors arise as a result of chronic irritation of the esophagus 
from a wide range of behavioral, nutritional, and environ-
mental sources, and that the likelihood of developing cancer 
may be increased in immunocompromised patients. Tobacco, 
alcohol, and obesity are all risk factors associated with the 
development of esophageal cancer [9]. Table 45.2 shows the 
additional risk factors associated with esophageal cancer and 
their contributions to the development of either squamous 
cell carcinoma or adenocarcinoma.

The relationship between smoking and the development of 
squamous cell cancers is well documented for both men and 
women [10–14]. Choi and Kahyo [11] have shown a dose-
dependent relation between the amount of smoking and the 
risk of developing cancer, and they have shown that this risk 
decreases with smoking cessation. Smokeless tobacco prod-
ucts have also been shown to increase the risk of cancer of the 
oropharynx, larynx, and esophagus [15]. Numerous studies 
have documented the relation between alcohol consumption 
and squamous cell cancer [11–14, 16, 17]. As with smoking, 
the risk appears to be dose-dependent. These risk factors, 
alcohol consumption and smoking, are additive. Other factors 
implicated in the development of squamous cell cancer are 
diet (including meal composition, consistency, temperature, 
and rate of consumption), achalasia, lye ingestion, radiation 
therapy, Plummer-Vinson syndrome, and prior head and neck 
squamous cell cancer. Although many have postulated a 

Fig. 45.3 Histology and esophageal cancer incidence (1975–2001). 
Data from the National Cancer Institute’s Surveillance, Epidemiology, 
and End Results program with age-adjustment using the 2000 U.S. 
standard population. Solid black line adenocarcinoma; dashed line 
squamous cell carcinoma; dotted line not otherwise specified (from 
Pohl and Welch [3], with permission)

Fig. 45.4 Relative change in incidence of esophageal adenocarcinoma 
and other malignancies (1975–2001). Data from the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results program with 
age-adjustment using the 2000 U.S. standard population. Baseline was 
the average incidence between 1973 and 1975. Solid black line esopha-
geal adenocarcinoma; short dashed line melanoma; line prostate cancer; 
dashed line breast cancer; dotted line lung cancer; dashes and dotted line 
colorectal cancer (from Pohl and Welch [3], with permission)
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genetic predisposition to esophageal cancer, tylosis is the 
only recognized familial syndrome that predisposes to the 
development of esophageal cancer. This is an autosomal 
dominant disorder, which has been mapped to chromosome 
17q25 [18]. Patients have hyperkeratosis of the palms of their 
hands and the soles of their feet. The risk of developing 
squamous cell carcinoma of the esophagus by age 70 is 95% 
in this cohort of patients [19].

Barrett’s metaplasia (columnar-lined esophagus) and obe-
sity are associated with an increased risk of developing adeno-
carcinoma of the esophagus. Chronic gastroesophageal reflux 
disease (GERD) is considered the predominant contributor to the 

development of Barrett’s metaplasia. The frequency, severity, 
and duration of reflux symptoms are correlated with an 
increased risk of developing EAC [20]. Patients with recurring 
symptoms of reflux have an eightfold increase in the risk of 
EAC. Barrett’s esophagus develops in about 5% of patients 
with GERD. Endoscopically, it is recognized by inflamed 
salmon-colored mucosa extending proximally from the GE 
junction. Often there are intervening areas of normal appear-
ing mucosa, or so-called skip areas. Figure 45.5a shows the 
typical endoscopic appearance; Fig. 45.5b shows the same 
patient with methylene blue vital stain, which can be used to 
highlight the mucosal changes. Microscopic evaluation reveals 

Table 45.2 Risk factors for the development of esophageal cancer with their relevant contribution to both squamous cell 
and adenocarcinoma of the esophagus

Risk factor Squamous cell carcinoma Adenocarcinoma

Tobacco use +++ ++
Alcohol use +++ –
Barrett’s esophagus – ++++
Weekly reflux symptoms – +++
Obesity – ++
Poverty ++ –
Achalasia +++ –
Caustic injury to the esophagus ++++ –
Nonepidermolytic palmoplantar keratoderma (tylosis) ++++ –
Plummer-Vinson syndrome ++++ –
History of head and neck cancer ++++ –
History of breast cancer treated with radiotherapy +++ +++
Frequent consumption of extremely hot beverages + –
Prior use of beta-blockers, anticholinergic agents, or aminophyllines – ±
+ Increase in the risk by a factor of less than two; ++ increase by a factor of two to four; +++ increase by a factor of more 
than four to eight; ++++ increase by a factor of more than eight; ± conflicting results have been reported; – no proven risk
Source: from Enzinger and Mayer [9] Copyright © 2003 Massachusetts Medical Society. All rights reserved

Fig. 45.5 (a) The typical endoscopic appearance of Barrett’s metapla-
sia at the GE junction. Note the “salmon-colored” areas of erosion 
extending proximally from the GE junction. Also note the intervening 
areas of normal appearing mucosa. (b) Vital staining with methylene 

blue. Vital stains are used to highlight the mucosal changes at the time 
of endoscopy (images courtesy of Micheal L. Kochman, M.D., Professor 
of Medicine, University of Pennsylvania)
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replacement of the normal stratified squamous epithelium of 
the esophagus with columnar epithelium more typical of other 
parts of the gastrointestinal tract. Thus, these changes are often 
referred to as “intestinalization” of the mucosa. With progres-
sion to dysplasia, the nuclei become “crowded,” and the nor-
mal glandular architecture is lost (Fig. 45.6). Histologically, 

patients with high-grade dysplasia carry a significant risk for 
esophageal carcinoma and should be considered candidates 
for resection. 10–30% of patients with high-grade dysplasia 
will develop invasive adenocarinoma within 5 years of the ini-
tial diagnosis; moreover, in patients undergoing esophagec-
tomy for presumed high-grade dysplasia, invasive carcinoma 
is identified in 30–40% of the pathologic specimens [21]. 
Barrett’s esophagus increases the risk of EAC thirty to forty-
fold when compared with the general population [22]. The 
annual rate of neoplastic transformation to adenocarcinoma in 
patients with Barrett’s is 0.5% [23]. A great deal of progress 
has been made in understanding columnar-lined esophagus 
since the entity was first described by Barrett in 1950 [24]. 
However, many questions remain including why Barrett’s 
esophagus and adenocarcinoma affect primarily Caucasian 
men, why only some patients progress to dysplasia and adeno-
carcinoma, and how long this process takes?

Diagnosis

Unfortunately, early esophageal carcinoma is largely asymp-
tomatic. As a distensible muscular tube, a significant portion of 
the esophageal lumen must be obstructed to impede passage of 
a food bolus and produce symptoms. Dysphagia is the primary 
manifestation of esophageal cancer in 80% of patients and up 
to 20% have odynophagia. Vague symptoms of retrosternal 
discomfort and transient dysphagia are often overlooked by the 
patient and the physician. On retrospective evaluation, many 
patients have significantly altered their eating habits by avoid-
ing foods such as meats and breads. while increasing their 
intake of semisolid foods and liquids. About one half of patients 
have significant weight loss. Weight loss of more than 10% of 
body mass is an independent predictor of poor prognosis [25].

Pulmonary symptoms may be caused by aspiration of 
regurgitated food or by direct invasion of the airway by 
esophageal tumor, often resulting in esophagorespiratory fis-
tula. Direct invasion through the membranous airway can 
occur with locally advanced lesions, usually involving the 
trachea or left mainstem bronchus as it passes anterior to the 
esophagus. Patients with cancers involving the upper tho-
racic esophagus must undergo preoperative bronchoscopy to 
rule out airway involvement as this precludes resection. 
Although flexible bronchoscopy may demonstrate gross air-
way invasion, rigid bronchoscopy is much more sensitive in 
determining adherence to the membranous trachea. Loss of 
the normal “ripple” effect as the rigid scope slides over the 
membranous trachea and left main bronchus suggests the 
tumor is fixed to the airway and is not resectable.

New hoarseness due to vocal cord paralysis is indicative 
of left recurrent nerve involvement and suggests unresectabil-
ity. Virchow’s node, a palpable left supraclavicular lymph 

Fig. 45.6 Distal esophageal biopsy specimens (stained with hematoxylin 
and eosin). Histologic progression of Barrett’s metaplasia (a) to Barrett’s 
esophagus with dysplasia (b) to esophageal adenocarcinoma (c)
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node, may be apparent in some patients. Fine-needle aspira-
tion with positive cytology confirms the pathologic involve-
ment of Virchow’s node, which is considered distant metastatic 
disease and precludes resection. Symptoms of metastatic dis-
ease vary depending on the site. The most common sites and 
associated symptoms include celiac lymph nodes or liver 
with epigastric or right upper quadrant pain, pulmonary or 
pleural space metastases with shortness of breath and chest 
pain, and bone metastases with localized, severe pain.

The evaluation of a patient with suspected esophageal 
cancer involves securing the diagnosis, clinically staging the 
patient, and determining the medical operability of patients 
with stage-appropriate lesions for resection. Barium swallow 
and esophagoscopy remain the most important diagnostic 
tools for assessing the patient with esophageal symptoms. 
Barium swallow is usually the first study obtained. It provides 
both anatomic and functional information. A localized, con-
centric, “apple-core” narrowing of the esophagus is highly 
suggestive of a carcinoma. Some benign diseases, such as a 
peptic stricture and achalasia, may mimic cancer. Therefore, 
flexible esophagogastroduodenoscopy (EGD) and biopsy are 
required to confirm the diagnosis, precisely locate the lesion, 
and rule out concurrent gastric disease that would preclude 
using the stomach as a conduit. Endoscopic information that 
should be noted and recorded includes the proximal and distal 
extent of the tumor and the presence and location of concur-
rent esophageal or gastric pathology (e.g., Barrett’s mucosa). 
In patients considered for surgical resection, endoscopic 
ultrasonography (EUS) is the single most valuable test in 
determining tumor size and depth of penetration (T stage). 
EUS successfully predicts the T stage in greater than 80% of 
cases confirmed at surgery, and generally performs better for 
advanced (T4) than local (T1) disease. Regional lymph nodes 
are also visualized during EUS and can be sampled by FNA 

to determine the cytologic presence or absence of metastatic 
nodal disease (N stage). The sensitivity of EUS alone to pre-
dict N stage is 85%, and improves to greater than 95% with 
FNA [26]. Figure 45.7 is an example of EUS for esophageal 
cancer.

A computed tomographic (CT) scan of the chest, abdo-
men, and pelvis with intravenous contast is valuable for 
assessing lung and liver metastasis. However, it is not accu-
rate for determining tumor size or penetration depth (T stage) 
or assessing regional lymph node involvement (N stage).

Positron emission tomography (PET) with 18F-flouro-
deoxyglucose (FDG) is a physiologic test unique in its ability 
to detect increased metabolic activity within tissues. It is 
increasingly used to detect distant metastasis (M stage) in 
patients with esophageal cancer. It has been reported that 
PET will detect otherwise radiographically occult metastatic 
disease in up to 15% of patients who were thought to have 
only localized disease by conventional studies, thus making 
them more appropriately managed by nonsurgical interven-
tions [27]. We now routinely obtain a PET scan as part of the 
preoperative staging evaluation in patients under consider-
ation for esophagectomy. Increasingly, PET is being used 
to restage patients and evaluate response after neoadjuvant 
chemoradiation. Several studies have shown promising results 
in demonstrating that decreased FDG-avidity after neoad-
juvant therapy predicts pathologic response and increased 
survival [28, 29].

The use of combined thoracoscopy and laparoscopy for 
preoperative staging has been advocated by some centers. 
Periesophageal mediastinal lymph nodes and celiac lymph 
nodes can be sampled with a high degree of accuracy using 
these techniques [30]. This practice has largely been replaced 
by the combination of EUS-FNA and PET. We currently do 
not use these techniques as part of our standard evaluation.

Fig. 45.7 Endoscopic image (a) and endoscopic ultrasound (b) showing 
a transmural adenocarcinoma of the esophagus associated with Barrett’s 
esophagus (short arrows), with lymph-node metastasis (long arrow). 

(Image courtesy of John R. Saltzman, M.D., Assistant Professor of 
Medicine, Harvard Medical School; from Enzinger and Mayer [9] 
Copyright © 2003 Massachusetts Medical Society. All rights reserved)
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Unfortunately, no serum tumor markers have been consis-
tently found in patients with esophageal cancers. Standard 
serum cancer markers including CEA, CA 19-9, and CA 125 
have no value in the preoperative evaluation of patients with 
esophageal cancer.

Staging

Esophageal cancers are staged according to the American 
Joint Committee on Cancer (AJCC) TNM staging system 
[31]. The staging system for esophageal cancer has recently 
undergone revision. Pathologic stage according to the 
updated system is dependent upon the number of nodes con-
taining metastasis, tumor grade, tumor location, and histo-
logic cell type. The current (seventh edition) AJCC definitions 
are shown in Table 45.3. The stage groupings according to 
histology are displayed in Tables 45.4 and 45.5. It is clear 
that the outcome in esophageal cancer is strongly associated 
with the stage of the disease. Thus, accurate clinical staging 
is of paramount importance in formulating an appropriate 
treatment plan and providing the patient with information 

regarding prognosis. In stage-appropriate candidates, plans 
are made to optimize the patient from a medical standpoint 
and proceed to resection. The role of preoperative therapy 
followed by operation remains ill defined and hotly debated.

Table 45.3 American joint committee on cancer (AJCC) staging of 
esophageal cancer: TNM definitions

Stage Description

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasiaa

T1 Tumor invades lamina propria, muscularis mucosa,  
or submucosa

T1a Tumor invades lamina propria or muscularis mucosa
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, pericardium, or diaphragm
T4b Unresectable tumor invading other adjacent structures, such 

as aorta, vertebral body, trachea, etc.
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
a High-grade dysplasia includes all noninvasive neoplastic epithelia that 
was formerly called carcinoma in situ, a diagnosis that is no longer used 
for columnar mucosa anywhere in the gastrointestinal tract
Source: used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Manual, Seventh Edition (2009) published 
by Springer Science and Business Media, LLC, www.springerlink.com

Table 45.4 AJCC staging of esophageal cancer: anatomic stage/
prognostic groups

Squamous cell carcinomaa

Stage T N M Grade
Tumor 
locationb

0 Tis (HGD) N0 M0 1, X Any
IA T1 N0 M0 1, X Any
IB T1 N0 M0 2–3 Any

T2–3 N0 M0 1, X Lower, X
IIA T2–3 N0 M0 1, X Upper, middle

T2–3 N0 M0 2–3 Lower, X
IIB T2–3 N0 M0 2–3 Upper, middle

T1–2 N1 M0 Any Any
IIIA T1–2 N2 M0 Any Any

T3 N1 M0 Any Any
T4a N0 M0 Any Any

IIIB T3 N2 M0 Any Any
IIIC T4a N1–2 M0 Any Any

T4b Any M0 Any Any
Any N3 M0 Any Any

IV Any Any M1 Any Any
a Or mixed histology including a squamous component or NOS
b Location of the primary cancer site is defined by the position of the 
upper (proximal) edge of the tumor in the esophagus
Source: used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Manual, Seventh Edition (2009) published 
by Springer Science and Business Media, LLC, www.springerlink.com

Table 45.5 American joint committee on cancer (AJCC) staging of 
esophageal cancer: anatomic stage/prognostic groups

Adenocarcinoma

Stage T N M Grade

0 Tis (HGD) N0 M0 1, X
IA T1 N0 M0 1–2, X
IB T1 N0 M0 3

T2 N0 M0 1–2, X
IIA T2 N0 M0 3
IIB T3 N0 M0 Any

T1–2 N1 M0 Any
IIIA T1–2 N2 M0 Any

T3 N1 M0 Any
T4a N0 M0 Any

IIIB T3 N2 M0 Any
IIIC T4a N1–2 M0 Any

T4b Any M0 Any
Any N3 M0 Any

IV Any Any M1 Any
Source: used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Manual, Seventh Edition (2009) published 
by Springer Science and Business Media, LLC, www.springerlink.com
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Analysis of Comorbidities  
and Medical Clearance

Esophagectomy for carcinoma is a major surgical endeavor, 
and causes significant physiologic stress to the patient. As 
such, it is associated with considerable morbidity and mortal-
ity. As the majority of patients presenting for resection are 
over the age of 65, they commonly have comorbidities such as 
hypertension, diabetes mellitus, cardiac disease, and pulmo-
nary dysfunction. Moreover, all elderly patients have measur-
able diminution in cardiovascular, pulmonary, and renal 
physiology [32]. Careful patient selection and medical opti-
mization of existing comorbidities is of paramount impor-
tance in maintaining acceptable surgical outcomes, especially 
in the elderly. All patients have basic laboratory tests (serum 
chemistries, CBC, and PT/PTT), an EKG, and a CXR preop-
eratively. Data suggest that all patients should undergo rou-
tine pulmonary function tests (PFTs) prior to esophagectomy. 
In a recent review of the Society of Thoracic Surgeons data-
base, forced expiratory volume in 1 s (FEV1) less than 60% 
predicted was associated with major morbidity following 
esophagectomy; however, preoperative PFTs were only 
obtained in 40% of patients [33]. Younger patients with car-
diac risk factors, and all elderly patients are referred to a car-
diologist for operative clearance. Most undergo provocative 
screening to identify reversible ischemic heart disease. Unless 
contraindicated, perioperative beta-blockade is implemented.

Therapy for Premalignant Disease

As previously stated, Barrett’s metaplasia is the predominant 
risk factor for developing adenocarcinoma of the esophagus. 
While most patients with Barrett’s metaplasia do not progress 
histologically, some patients develop dysplastic epithelium. 
In cases of progression to high-grade dysplasia, the risk of 
EAC may be as great as 10% per patient year. As such, many 
patients undergo esophagectomy for high-grade dysplasia, 
with final pathology revealing invasive carcinoma in 30–40% 
of resected specimens. However, the optimal therapy for 
patients with high-grade dysplasia is controversial, especially 
in the elderly or patients who are not surgical candidates. 
Alternatives to resection include intensive endoscopic sur-
veillance and ablative therapies. Photodynamic therapy (PDT) 
and radiofrequency ablation (RFA) appear to be the most effi-
cacious ablative therapies at the present time.

In a randomized controlled trial, PDT significantly 
decreased cancer risk in Barrett’s esophagus, but did not elimi-
nate it. This therapy was also able to eliminate high-grade dys-
plasia in 78% of patients compared to 39% who were treated 
with a proton pump inhibitor alone [34]. However, 36% of 
patients receiving PDT developed a stricture while 69% had a 
photosensitivity reaction to the chemosensitizing agent.

In a recent multicenter trial, patients with low- and high-
grade dysplasia were randomized to either RFA or a sham 
endoscopic procedure. Among patients with high-grade 
dysplasia, complete eradication occurred in 81% of patients 
in the ablation group and 19% in the control group. Moreover, 
only 2.4% of RFA patients progressed to adenocarcinoma, as 
compared to 19% of control patients. Only 6% of RFA 
patients developed strictures [35].

At the present time, there is no consensus as to the man-
agement of Barrett’s esophagus with high-grade dysplasia. 
Options include endoscopic surveillance, endoscopic abla-
tion, and surgical resection. In a retrospective review of 
patients treated with either PDT or esophagectomy at Mayo 
Clinic, overall mortality at 5 years appeared similar [36]. Our 
current belief is that patients with an acceptable comorbidity 
profile should probably be offered either transhiatal or mini-
mally invasive esophagectomy as definitive therapy. In elderly 
patients or those with prohibitive surgical risk, endoscopic 
ablative therapy followed by surveillance appears to be an 
acceptable option.

Therapy for Invasive Carcinoma

The goal of any therapy designed to manage patients with 
esophageal cancer is to relieve symptoms and treat the under-
lying cancer. The purpose of this chapter is not to present an 
exhaustive review of all treatment modalities, but to cover 
those which are applicable in the elderly patient. It is impor-
tant for elderly patients and their families to be aware of their 
treatment options so the choice of therapy fits the patient’s 
desires, lifestyle, and personal and family support systems.

Surgery

Surgery has emerged as the best single modality of therapy 
for patients with esophageal cancer in terms of durable con-
trol of dysphagia and survival. Multiple factors influence the 
surgical approach to an esophageal malignancy. These 
include the nature and location of the neoplasm, the overall 
health of the patient, and the expertise of the surgeon. Several 
surgical approaches have been described. These include the 
transhiatal approach [37], the transabdominal transthoracic 
approach (Ivor Lewis) [38], the three-stage or “three-hole” 
approach (McKeown) [39], the thoracoabdominal approach, 
and the minimally invasive approach. These operations all 
include subtotal esophageal resection, resection of the esoph-
agogastric junction, gastric cardia, and regional lymph nodes. 
Each approach has its own set of risks and benefits, as well as 
outspoken opponents and proponents. Selection of the appro-
priate approach requires experienced surgical judgment. 
Despite the rhetoric, several studies have shown equivalent 
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outcome among the multiple approaches. It appears that the 
experience of the surgeon [40] and the number of cases per-
formed at a particular institution are the leading factors deter-
mining outcome [41]. Clearly, failures in technique that 
occur during the performance of an esophagectomy are asso-
ciated with increased length of hospital stay and increased 
in-hospital mortality, and are predictive of a poorer overall 
long-term survival [42].

Options for reconstruction include gastric tube, colonic 
interposition, and small intestinal free graft. Because of its 
ample blood supply, ease of mobilization, and sufficient 
length to reach the neck, the gastric tube is the usual conduit 
of choice for reconstruction for all of the commonly per-
formed operative approaches. Figure 45.8 demonstrates a 
mobilized gastric conduit. The use of colon is more complex 
and has increased morbidity when compared to gastric pull-
up [43]. We reserve the use of colon or jejunum for patients 
with an unusable stomach due to previous surgery, tumor 
extension, or other technical considerations.

The esophageal anastomosis requires meticulous atten-
tion. Many esophageal operations are plagued by high anas-
tomotic leak rates and a significant number of postoperative 
strictures. At present, the modified stapled anastomosis as 

described by Orringer [44] appears to have the lowest leak 
rate, about 3% as compared with sutured techniques, which 
are as high as 15%. This technique was originally described 
for creation of a cervical esophagogastric anastomosis; how-
ever, it can be performed as an intrathoracic anastomosis as 
well. Many thoracic surgeons have adopted this anastomotic 
technique, which is demonstrated in Fig. 45.9.

The Transhiatal Approach. The THE was reintroduced by 
Orringer and Sloan [37] in 1978 and continues to be refined 
[44–46]. THE does not require a thoracotomy. As such, THE 
may be cautiously offered to some elderly and high risk 
patients who otherwise would not be candidates for surgery. 
Indications for THE include benign or malignant esophageal 
pathology usually involving the distal half of the intrathoracic 
esophagus or esophagogastric junction. The procedure is per-
formed through an upper midline laparotomy and left cervical 
incision. A gastric conduit based on the right gastroepiploic 
and right gastric arteries is used to establish gastrointestinal 
continuity (Fig. 45.8). If the stomach is unusable, a colonic 
interposition can be performed. Advantages of the THE 
approach are that (1) it avoids thoracotomy, which results in 
less short-term incisional pain, reduced narcotic requirement, 
and greater mobility and independence; (2) it uses a cervical 
esophageal anastomosis, which minimizes the adverse conse-
quences of anastomotic leakage; and (3) gastric pull-up with 
cervical esophagogastric anastomosis results in reliable and 
durable quality of swallowing. Disadvantages are that (1) it 
requires long-segment esophageal replacement; (2) it is asso-
ciated with a risk of ipsilateral recurrent laryngeal nerve 
injury; (3) there is a chance of intrathoracic injury from the 
“blunt” transhiatal dissection; and (4) complete intrathoracic 
nodal dissection is not easily accomplished.

The Ivor Lewis Approach. Partial esophagogastrectomy 
using midline abdominal and right thoracotomy incisions, 
also known as the Ivor Lewis [38] technique, is designed to 
optimize exposure of the intrathoracic esophagus, which 
passes through the upper two-thirds of the chest along the 
right posterior mediastinum. The involved portion of esoph-
agus is freed from the mediastinum and resected along with 
the esophagogastric junction, proximal cardia, and regional 
lymph nodes. The resected esophageal segment is replaced 
most commonly with a gastric conduit, which is mobilized 
and passed into the chest along the esophageal bed and 
anastomosed to the proximal esophagus near the level of 
the azygous vein. The advantage of Ivor Lewis esophagec-
tomy (ILE) is the excellent exposure of the mid- to upper 
intrathoracic esophagus and lymph nodes, allowing for en 
bloc resection of the esophagus with periesophageal and 
subcarinal nodes. The disadvantages are (1) postthoraco-
tomy pain; (2) the potential for intrathoracic esophageal 
anastomotic leak; and (3) retention of a segment of thoracic 
esophagus, which is at risk for recurrent disease, specifically 
in the setting of severe Barrett’s esophagus.

Fig. 45.8 Mobilization of the stomach for esophageal replacement, 
including pyloromyotomy and Kocher maneuver. The conduit is based 
on the right gastric and right gastroepiploic vascular arcades. Inset, 
standard left cervical and upper midline abdominal incisions for tran-
shiatal esophagectomy (from Orringer [76], with permission)
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Three-Field Esophagectomy. This approach is carried out 
through separate laparotomy, right thoracotomy, and cervical 
incisions [38]. Proponents of this approach fall into two cat-
egories. The first group utilizes this approach to resect large 
intrathoracic lesions of the mid-esophagus. Exposure, espe-
cially at the level of the carina and left mainstem bronchus, 

is superior as compared with the transhiatal approach. 
Because visualization is improved, the injury rate to nearby 
structures, especially the airway and azygous vein, is lower. 
This approach has the benefits of both ILE and THE,  
as direct visualization of the mid-esophagus is obtained 
while allowing for cervical esophagogastric anastomosis. 

Fig. 45.9 The stapled technique for cervical esophageal anastomosis. 
This technique results in lower anastamotic leak rates and less postop-
erative stricures. (a) Two full-thickness anastomotic stay sutures are 
placed, one from the anterior tip of the cut cervical esophagus and one 
from the midpoint of the upper edge of the transverse gastrotomy and 
the posterior corner of the esophagus. (b) The anastomotic stay sutures 
are retracted downward as the Endo-GIA 30-3.5 staple cartridge is 
inserted, the thinner anvil portion into the stomach and the thicker 
staple-bearing portion into the esophagus. As the staple cartridge is 
advanced completely into the esophagus and stomach, it is gradually 
rotated so that the tip is pointing toward the patient’s right ear.  

(c) The handle of the stapler is squeezed, thereby approximating the 
jaws, but before firing it, the stapler is rolled from one side to the other 
as two suspension seromuscular sutures between the adjacent esopha-
gus and stomach are placed on either side. The stapler is fired and a 
3-cm long side-to-side anastomosis is created as the common walls 
between the esophagus and stomach are cut. After removing the 
stapler, the anastomosis is inspected for bleeding, and a nasogastric 
tube is inserted. Corner sutures are placed in preparation for comple-
tion of the anastomosis (d). The gastrotomy and remaining open 
esophagus are closed in two layers (from Orringer et al. [44], with 
permission from Elsevier)
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The second group utilizes this approach to perform a 
 complete two- or three-field lymph node dissection, suggest-
ing that this approach provides a more complete resection 
and thus improves long-term survival. This approach has 
been shown to have acceptable morbidity and mortality as 
compared with other approaches; however, the often-cited 
report was from a single U.S. center [47]. On the other hand, 
a large randomized Dutch trial comparing transhiatal resec-
tion with extended transthoracic resection showed that the 
transhiatal approach was associated with a lower morbidity 
and no statistically different overall, disease-free, or quality-
adjusted survival [48]. Patients who underwent thoracotomy 
had an increased incidence of chyle leak and pulmonary 
complications, as well as longer ventilator-dependence, ICU 
stay, and hospital stay. A meta-analysis by the same group 
demonstrated no difference in survival at 3 and 5 years [49]. 
The statistically significant differences in morbidity and 
mortality from the meta-analysis are demonstrated in 
Table 45.6. In a recent retrospective review of 2,303 esopha-
geal cancer patients treated with R0 resection without adju-
vant or neoadjuvant theapy, the number of nodes removed 
was an independent predictor of survival. The authors con-
cluded that to maximize this survival benefit, a minimum 
of 23 nodes should be removed at esophagectomy [50]. 
The true value of extensive lymphadenectomy in esophageal 
cancer remains undefined.

The Thoracoabdominal Approach. The left thoracoabdomi-
nal approach is probably the least utilized of all approaches 
to the esophagus. It is performed by making an oblique inci-
sion from the midpoint between the xiphoid and umbilicus 
across the costal arch to the tip of the scapula. The abdomen 
is opened, the costal arch is divided, and the chest is entered 
through the seventh intercostal space. The diaphragm is 
opened in a circumferential manner along the chest wall to 
avoid any damage to the phrenic nerve branches. At least a 
2-cm rim of diaphragm is preserved on the chest wall to aid 
in reconstruction of the diaphragm at the completion of the 
procedure. This approach offers superior exposure to the left 
upper quadrant, including the hiatus, and is our approach of 

choice in patients with previous extensive hiatal or proximal 
gastric surgery. For patients with distal tumors and inade-
quate conduit for total esophageal replacement, the anasto-
mosis can be placed in the left chest below the inferior 
pulmonary vein or up to the level of the aortic arch. For those 
with adequate conduit, a separate left cervical incision can 
be made and the cervical esophagastric anastomosis can be 
placed in the neck. A consecutive case series of 64 thora-
coabdominal esophagectomies reported no anastomotic leaks 
and a 2% mortality rate [51].

Minimally Invasive Esophagectomy. A number of minimally 
invasive approaches for esophagectomy have been described, 
including laparoscopic, hand-assisted, thoracoscopic, and 
robotic-assisted techniques. The hope of these procedures is 
that minimizing the incision size will decrease the morbidity 
of the operation while at the same time providing adequate 
resection. The largest published study to date included 217 
patients from the University of Pittsburgh who underwent 
esophagectomy via thoracoscopy, laparoscopy, and a left 
neck incision [52]. The investigators observed equivalent 
results as compared to open techniques and suggest develop-
ment of a multicenter trial to define the role of minimally-
invasive esophagectomy. At present, the advantage of this 
approach remains to be determined. If these techniques indeed 
reduce the physiologic stress of esophagectomy, perhaps their 
benefit may be best realized in the elderly.

Esophagectomy in the Elderly

As previously stated, elderly patients presenting for esophagec-
tomy often have preexisting cardiopulmonary comorbidities. 
While increasing age is an intuitive risk factor for postopera-
tive morbidity, whether surgical outcome in the elderly is 
worse than for younger patients remains controversial.

In a retrospective review by Ruol et al. of 1,400 patients 
presenting with esophageal cancer over the course of 13 
years, there was no difference in morbidity (~49%), 30-day 
mortality (1.9%), or 5-year survival (~34%) in postesophagec-
tomy patients 70 or older when compared to the group 
younger than 70 [53]. As discussed in this paper, a signifi-
cantly higher percentage of patients presenting with esopha-
geal cancer in the younger age group underwent 
esophagectomy, indicating that these results were obtained 
in a highly selected group of elderly patients. This under-
scores the importance of preoperative risk assessment, but 
also demonstrates that long-term survival of elderly esopha-
geal cancer patients who tolerate esophagectomy is indepen-
dent of age alone.

A retrospective review of the experience at Roswell Park 
Cancer Institute revealed similar results. The percentage of 

Table 45.6 Transthoracic esophagectomy vs. transhiatal esophagec-
tomy for carcinoma – a meta-analysis (7,527 patients)

Transthoracic Transhiatal

In-hospital mortality 9.2% 5.7%
Blood loss (mL) 1001 728
Pulmonary complications 18.7% 12.7%
Chylothorax 2.4% 1.4%
Intensive care unit stay (days) 11.2 9.1
Hospital stay (days) 21.0 17.8
Anastomotic leak 7.2% 13.6%
Vocal cord paralysis 3.5% 9.5%
3-year survival 26.7% 25.0% (ns)
5-year survival 23.0% 21.7% (ns)
Source: from Hulscher et al. [49], with permission from Elsevier
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patients older than 70 who were deemed surgical candidates 
was statistically lower than younger patients. Overall mor-
bidity, mortality, and survival were equivalent in the two 
surgical groups, with only atrial fibrillation and myocardial 
infarction being increased in the elderly [54].

Retrospective analysis of a large cohort of esophagectomy 
patients at M.D. Anderson Cancer Center demonstrated that 
increasing age was an independent prognosticator of poor 
overall survival. Approximately 90% of these 600 patients 
had adenocarcinoma, and greater than 2/3 received neoadju-
vant therapy. In addition to poorer survival, patients older 
than 70 years had statistically significantly higher rates of 
aspiration pneumonia, ARDS, cardiovascular complications, 
and neurologic complications [55].

Experience at Memorial Sloan-Kettering Cancer Center 
revealed that older patients had longer length of hospital stay 
and worse postoperative mortality. In particular, their octo-
genarian cohort had a perioperative mortality of almost 20%, 
as well as an overall shorter disease-free survival [56].

In analyzing surgical outcome in 1,777 esophagectomy 
patients from the Veterans Affairs (VA) Medical Centers, the 
largest cohort to date, Bailey et al. documented a 10% mor-
tality and 50% morbidity rate. Multivariate analysis revealed 
increasing age to be one of eight preoperative and intraopera-
tive variables predictive of 30-day mortality [57].

In a retrospective cohort study analyzing outcomes from 
two large national databases, Finlayson and colleagues dem-
onstrated higher mortality, lower 5-year survival, and greater 
probability of transfer to extended-care facilities among 
octogenarians undergoing esophagectomy for cancer when 
compared to patients aged 65–69 [58]. They identified simi-
lar results for patients undergoing pancreatectomy and lung 
resection for malignancy.

Ra and colleagues similarly analyzed the SEER-Medicare 
national database and found that age greater than 80, increas-
ing Charlson comorbidity index, and operation at a low 
esophagectomy volume hospital were statistically significant 
predictors of postoperative mortality after esophagectomy 
for cancer [59].

Finally, a recent query of the Society of Thoracic Surgeons 
(STS) General Thoracic Surgery Database revealed that in 
2,315 esophagectomies for cancer performed by STS sur-
geons at 73 centers, age (75 vs. 55) was one of ten important 
predictors of major morbidity (including death) [33].

The above-mentioned studies demonstrate well the ongo-
ing controversy regarding surgical outcome in elderly esoph-
ageal cancer patients. Series of highly selected elderly 
patients at tertiary referral centers appear to demonstrate 
equivalent outcome when compared to younger patients. 
However, when national series are obtained from retrospec-
tive analyses of the VA, SEER-Medicare, and STS databases, 
increasing age appears to be an independent predictor of 
morbidity and mortality. It seems likely that the best possible 

surgical outcomes are obtained in elderly patients who are 
meticulously screened, medically optimized with regards 
to existing comorbidities, and undergo surgery in a high-
volume tertiary referral center.

Neoadjuvant Therapy

The role of preoperative therapy followed by operation for 
Stage II and III disease remains ill-defined and hotly debated. 
The current information on neoadjuvant treatment can be 
divided into studies evaluating preoperative radiation, preop-
erative chemotherapy, and combined preoperative chemora-
diation therapy. In operable patients with resectable tumors, 
the results of any preoperative therapy, followed by resection 
must be compared with the results of primary resection alone. 
Importantly, this analysis must take into account the toxici-
ties associated with multimodality therapy and the impact on 
the intended resection and quality of life.

A number of randomized trials have failed to show any 
benefit from preoperative radiation therapy alone. Proponents 
of preoperative radiotherapy argue that the trials are too small 
to demonstrate the advantages of this approach. A meta-anal-
ysis of available randomized trials comprising 1,147 patients, 
however, found no improvement in survival with preopera-
tive radiotherapy alone in patients with resectable esopha-
geal cancer [60]. At this time, there is no indication for 
preoperative radiation therapy alone followed by resection.

The utility of preoperative chemotherapy alone is much 
more poorly defined. A large multicenter randomized trial in 
the United States (Intergroup Trial) of 440 patients failed to 
show any improvement in survival after three cycles of com-
bined cisplatin and fluorouracil followed by surgery and two 
postoperative cycles when compared to surgery alone [61]. 
This is in contrast to a large randomized European study 
(Medical Research Council, or MRC), which suggested that 
neoadjuvant chemotherapy resulted in nearly a 10% improve-
ment in survival at 2 years [62]. Unfortunately, the preopera-
tive staging techniques and duration of treatments were quite 
different, making the two studies difficult to compare. More 
recently, another European neoadjuvant chemotherapy trial 
(MAGIC trial) demonstrated improved survival with peri-
operative chemotherapy vs. surgery alone (36 vs. 23% at  
5 years) [63]. Of note, 75% of the MAGIC trial participants 
had gastric cancer, while only 25% had either distal esopha-
geal or GE junction adenocarcinoma. Also, only 41.6% of 
patients randomized to perioperative chemotherapy were 
able to complete all six prescribed cycles of therapy. In the 
most recent Cochrane Review of the topic, 11 randomized 
controlled trials with 2,051 patients suggested that preopera-
tive chemotherapy plus surgery may offer a survival advan-
tage compared to surgery alone for resectable esophageal 
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cancer [64]. There was no demonstrable difference in the rate 
of resection, tumor recurrence, or postoperative morbidity. 
There was some chemotherapy-related morbidity. Presumably 
based on the relative success of the MRC and MAGIC trials, 
chemotherapy alone is utilized quite commonly as neoadju-
vant therapy in Europe, while combined chemotherapy and 
radiation is utilized more commonly in the United States.

Several small randomized trials have evaluated combined 
preoperative chemoradiation followed by surgical resection. 
The most widely cited trial to justify the use of combined 
treatment followed by surgery was published by Walsh et al. 
in 1996 [65]. This study demonstrated a 3-year survival of 
32% in the neoadjuvant treatment group as compared to 6% 
in the surgery alone group for patients with EAC. Critics 
were quick to point out the lack of appropriate staging, the 
poor survival in the surgical group as compared with other 
surgical series, and the small study size. A more recent study 
found equivalent median and 3-year survival in patients with 
squamous cell carcinoma of the esophagus randomized to 
either preoperative chemoradiation followed by surgery or 
surgery alone [66]. An increased complication rate was noted 
in the patients undergoing preoperative chemoradiation 
therapy. The Cancer and Leukemia Group B (CALGB) 9,781 
trial randomized patients to either surgery alone, or trimodal-
ity therapy with neoadjuvant chemoradiation followed by 
surgery. Unfortunately, this trial closed early after accruing 
only 56 patients. Median survival (21.5 vs. 53.8 months) and 
5-year survival (16 vs. 39%) favored the patients receiving 
trimodality therapy [67]. A recent meta-analysis of ten ran-
domized controlled trials of neoadjuvant chemoradiotherapy 
vs. surgery alone demonstrated an absolute survival advan-
tage of 13% at 2 years favoring neoadjuvant therapy [68]. 
Preoperative chemoradiation, postoperative chemoradiation, 
and perioperative chemotherapy have never been compared 
with each other in a clinical trial. Despite a paucity of con-
clusive data, there seems to be an evolving consensus at most 
centers that patients with T3 and/or N1 disease should receive 
neoadjuvant chemoradiation. This issue remains unresolved, 
and operation remains the standard treatment for localized 
esophageal cancer outside of a clinical trial.

Very little data exists regarding neoadjuvant chemoradia-
tion in the elderly. Elderly patients are often not offered neo-
adjuvant therapy due to concerns of susceptibility to 
treatment-related toxicities. Moreover, octogenarians are often 
excluded from neoadjuvant trials. The M.D. Anderson Cancer 
Center group has reported their experience with combined 
modality therapy in elderly patients. They compared three 
groups of patients: (1) patients 70 years or older who received 
neoadjuvant chemoradiation; (2) patients younger than 70 
who received neoadjuvant chemoradiation; and (3) patients 
70 years or older who received surgery alone. Elderly patients 
receiving preoperative chemoradiation were more likely to 
require perioperative blood transfusions and had a higher 

incidence of postoperative atrial arrhythmias. Otherwise, 
postoperative outcome as well as median, 1-year, and 3-year 
survival were similar in the 3 groups [69].

Surgery vs. Chemoradiation in the Elderly

A recent retrospective review of the SEER-Medicare database 
was performed to compare outcomes of elderly patients with 
early esophageal cancer who received chemoradiation or 
underwent esophagectomy. Seven hundred and thirty patients 
with stage I or II esophageal cancer treated between 1991 and 
2002 were identified. In multivariate analysis, chemoradiation 
was associated with worse disease-specific and overall sur-
vival than esophagectomy. When histology-specific compari-
sons were made, receipt of chemoradiation was associated 
with worse survival in patients with adenocarcinoma (5-year 
disease-specific survival 7.5 vs. 50.2%), while there was no 
difference in survival between treatment groups in patients 
with squamous cell carcinoma (Fig. 45.10) [70]. This review 
contains inherent selection bias, as increasing age was associ-
ated with increased odds of receiving chemoradiation. Despite 
its limitations, this study certainly suggests that elderly patients 
with early stage EAC should be considered for surgery.

Palliation

The goal of esophageal resection, whether as primary treat-
ment or as part of a multimodality plan, is cure, though this 
goal remains elusive. Palliative esophagectomy is associated 
with mortality rates in excess of 20% and morbidity rates as 
high as 50% and should therefore be avoided [71]. Very 
effective palliation can be obtained with chemotherapy, radi-
ation therapy, and endoscopic interventions such as stenting. 
The intent of palliation is to maintain comfort, restore swal-
lowing function, and support nutrition. Establishment of 
alternative enteral access is helpful in maintaining nutritional 
status and hydration. When possible, this is provided by a 
percutaneous gastrostomy (PEG) tube placed under endo-
scopic guidance. For patients with bulky obstructing lesions 
who cannot undergo PEG, an open or laparoscopic gastros-
tomy or jejunostomy tube is required.

Radiation

Palliative radiotherapy relieves dysphagia in up to 75% of 
patients. The dose is 4,000–5,000 cGy delivered over 4 weeks. 
This allows patients with advanced disease and severe 
dysphagia to handle secretions, and to swallow liquids as 
well as dietary supplements. Unfortunately, relief is not 
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immediate and maximal improvement occurs at about  
4 weeks following completion of treatment. In patients with 
a life expectancy greater than 3 months, combined chemo-
therapy with radiation is utilized. Short-term side effects 
from radiation therapy include skin irritation and erythema. 
Esophagitis with painful swallowing also occurs with some 
frequency. Additional complications include stricture forma-
tion, radiation pneumonitis, and fistulization to the airway.

Chemotherapy

Esophageal cancers are usually responsive to chemothera-
peutic drugs, providing some palliation. Agents currently in 
use include fluorouracil and taxanes either alone or in com-
bination with platinum-based agents. Palliative chemo-
therapy requires time to effectively reduce symptoms of 
dysphagia and must be balanced with the associated risks of 
systemic treatment in usually debilitated, malnourished 
patients. Chemotherapy has been used in combination with 
radiation therapy with the goal of increasing response rates, 
lengthening the disease-free interval, and improving sur-
vival. The Radiation Therapy Oncology Group (RTOG) 
compared four cycles of cisplatinum +5-fluorouracil 
(5-FU) + 50 Gy of radiation to radiotherapy alone with 64 Gy 
[72]. The trial was stopped early because the interim results 
demonstrated a significant survival advantage in the chemo-
therapy group, with median survival of 12.5 and 8.9 months 
and 2-year survival of 50 and 38% for the chemoradiation 
and radiotherapy groups, respectively. Therefore patients 
with locally advanced disease who are not considered surgi-
cal candidates as a result of unresectable tumors or medical 
risks should be considered for chemoradiation therapy rather 
than irradiation alone.

Endoscopic Palliation

Endoscopic techniques to restore luminal patency are pallia-
tive procedures that may be used in patients who are not can-
didates for primary surgical therapy, in an adjuvant setting 
for patients receiving combination therapy, or in the setting 
of locally recurrent cancer following surgery. Endoscopic 
techniques include dilatation, thermal ablation with laser or 
coagulation probes, intubation with self-expanding stents, 
and PDT. The variables that must be considered when select-
ing the specific method are cost, tumor location and length, 
whether the tumor is circumferential, and the presence or 
absence of an esophagorespiratory fistula.

Stenting

Palliative endoscopic intubation of inoperable malignant 
esophageal strictures was first described in the 1970s [73]. 
Currently, self-expanding coated and uncoated nitinol stents 
are utilized for palliation. These stents can be inserted either 
radiologically or endoscopically on an outpatient basis. 
Following insertion, the lumen can be balloon-dilated to an 
acceptable diameter to provide palliation. Cook and Dehn [74] 
cited four major benefits of covered expandable stent  

Fig. 45.10 These Kaplan-Meier curves for overall survival compare 
esophagectomy with chemoradiation in elderly patients with stage I and 
II esophageal cancer for (top) all cell types, (middle) adenocarcinoma 
only, and (bottom) squamous cell carcinoma only (from Abrams et al. 
[70], with permission from John Wiley & Sons)
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use: (1) shorter hospital stay compared with rigid tube 
insertion; (2) single hospital stay; (3) lack of readmission for 
recurrent obstruction from tumor ingrowth or food impaction; 
and (4) no procedure-related morbidity or mortality.

Neodymium:  Yttrium-Aluminum-Garnet 
Laser Fulguration

Endoscopic neodymium:yttrium-aluminum-garnet (Nd: YAG) 
laser fulguration can be used to provide temporary relief 
of esophageal obstruction in patients with unresectable 
obstructing tumors. A flexible quartz fiber is passed through 
the working channel of the esophagoscope to deliver the 
laser energy at the fiber tip. Multiple sessions are usually 
required to achieve debulking and functional success. Laser 
fulguration is often combined with endoluminal stenting and 
radiation therapy. It can also be useful in patients who have 
undergone uncovered stenting procedures with ingrowth of 
tumor through the stent. To be a candidate for this therapy, 
the endoscope must be able to traverse the tumor. 
Contraindications for laser therapy include completely 
obstructing cancers and esophagorespiratory fistulae.

Photodynamic Therapy

Intraluminal PDT is a nonthermal ablative technique that can 
be used to palliate patients. This technique requires the sys-
temic administration of a hematoporphyrin, which is concen-
trated within the malignant cells. Approximately 48 h after 
administration of the photosensitizer, patients undergo 
endoscopy, and an argon-pump dye-laser is used to deliver 
endoluminal light at a wavelength of 630 nm. This results in 
the generation of oxygen radicals, which quickly lead to 
tumor necrosis. The depth of penetration is relatively limited, 
and this decreases the risk of full-thickness necrosis with 
perforation. Unfortunately, the photosensitizing agents are 
retained by the reticuloendothelial system in skin; thus, 
patients are sensitive to infrared wavelength light, including 
sunlight, radiant heat, fluorescent light, and strong incandes-
cent light. Depending on the photosensitizing agent used, 
this sensitivity can persist up to 3 months, a challenging 
problem in patients with short life expectancies.

A recent series of 215 patients treated with palliative 
endoluminal PDT revealed a procedure-related mortality rate 
of 1.8%, effective palliation for patients with obstructing 
cancers in 85% of the treatment courses, and median survival 
of 4.8 months [75]. A number of patients in this series also 
required stenting, suggesting that PDT has a role in multimo-
dality palliation of obstructing esophageal cancers.
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Abstract Benign esophageal disease in elderly patients can 
present unique diagnostic and therapeutic challenges to phy-
sicians and surgeons. While benign esophageal diseases may 
be associated with classic presentations of dysphagia, heart-
burn, and regurgitation, recognition that atypical symptoms 
are also quite common in the elderly population is crucial. 
Atypical symptoms, such as chest pain and pulmonary com-
plaints, often co-exist with known cardiac and pulmonary 
dysfunction, and can lead to misinterpretation of symptoms 
if the physician and surgeon do not consider esophageal dis-
orders in the differential diagnosis. This chapter will briefly 
summarize the pathophysiology of the aging esophagus, 
including discussions of dysphagia and changes in esopha-
geal motility. Manometric findings will be highlighted. 
Finally, surgical management of specific benign esophageal 
disorders, including paraesophageal hernia, gastroesopha-
geal reflux disease, and esophageal diverticulum, will be 
discussed. Careful consideration of benign esophageal 
disease will improve patient quality of life through earlier 
intervention for relief of symptoms and prevent subsequent 
complications, including aspiration pneumonia and severe 
malnutrition.

Keywords Esophageal achalasia • Esophageal spasm • 
Diffuse • Gastroesophageal reflux • Hernia • Hiatal

Introduction

Benign esophageal disease in elderly patients can present 
unique diagnostic and therapeutic challenges to physicians 
and surgeons. Symptoms associated with benign esophageal 
diseases, such as difficulty swallowing (dysphagia), cough, 
and chest pain, are common. More importantly, these symp-
toms are not unique to esophageal diseases and are often 

attributed to other causes, such as stroke, myocardial ischemia, 
and primary pulmonary dysfunction. Failure to recognize these 
signs and symptoms results in delayed evaluation and treat-
ment of the underlying esophageal disorder, and contributes to 
poor quality of life and further decline in the patient’s physio-
logic reserve.

The average age for the population of the United States has 
been steadily increasing over the past several decades. In 
2000, people 65 and older comprised 12% of the United 
States population, totaling ~35 million people. Looking for-
ward to 2030, population projections released in 2008 predict 
that this same age group will increase to >71 million people 
and account for >20% of the total population [1]. Considering 
that approximately 10% of people over the age of 50, and up 
to 30–40% of patients confined to care facilities have 
swallowing difficulties [2], it is anticipated that there will be 
a growing number of geriatric patients who will be referred 
for surgical evaluation. Knowledge of benign esophageal 
diseases within this population is crucial to the appropriate 
evaluation and proper delivery of optimal surgical care to 
these patients. Proper care of geriatric patients with esopha-
geal disorders is of particular importance, because esophageal 
symptoms often go undetected in hospitalized or institution-
alized geriatric patients [3].

This chapter will briefly summarize the pathophysiology 
of the aging esophagus, including discussions of dysphagia, 
and changes in esophageal motility. Manometric findings 
will be highlighted. Finally, surgical management of specific 
benign esophageal disorders, including paraesophageal her-
nia (PEH), gastroesophageal reflux disease (GERD), achala-
sia, and esophageal diverticulum, will be discussed.

Pathophysiology of the Aging Esophagus

Over the past 50 years, improvements in diagnostic testing 
have improved our understanding of the changes in esopha-
geal physiology attributable to increasing age. Once consid-
ered an inevitable result of aging, esophageal dysfunction 
was first described in 1964 as presbyesophagus [4]. 
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Presbyesophagus was a constellation of age-related changes 
including decreased esophageal body peristaltic pres-
sures, incomplete lower esophageal sphincter (LES) relax-
ation, nonpropulsive or tertiary contractions, and dilation of 
the esophagus in patients over the age of 90 years. Since that 
time, diagnostic testing, including esophageal manometry, 
esophageal impedance monitoring, barium esophagography, 
and upper gastrointestinal endoscopy, has shown that the 
majority of patients with symptomatic complaints have a 
specific esophageal disorder [5]. In particular, manometric 
evaluation of elderly patients with esophageal symptoms has 
helped to diagnose the majority of these patients with acha-
lasia, diffuse esophageal spasm (DES), or nonspecific dys-
motility syndromes. Interestingly, up to 36% of elderly 
patients without esophageal symptoms will have radio-
graphic evidence of esophageal dysfunction [5]. Normal 
changes that occur with aging include a diminished number 
of ganglion cells of Auerbach’s plexus, which can result in 
decreased strength and tonicity of the esophageal muscula-
ture. This loss of strength and tone leads to diminished 
amplitude of peristaltic contractions [6]. Furthermore, laxity 
of the phrenoesophageal membrane causes upward traction 
on the LES, and can lead to progressively enlarging hiatal 
hernias and gastroesophageal reflux (Table 46.1).

These age-related changes impact both the physiologic 
function of the esophagus, and the clinical presentation of 
esophageal disorders in elderly patients. Motility disorders 
in the elderly may also be related to existing medical prob-
lems, such as diabetes mellitus, neurological disorders, and 
to adverse effects of the multiple medications that elderly 
patients are often prescribed. A careful evaluation is vital to 
making accurate diagnoses, and planning for appropriate 
surgical intervention. A comprehensive evaluation should 
include a thorough history of the onset, timing, and changes 
in esophageal symptoms; appropriate objective radiographic 
studies; upper endoscopy; and manometry.

Dysphagia in the Elderly

The act of swallowing is a carefully coordinated neuromuscular 
process that sequentially transfers a food or liquid bolus 
from the pharynx to the stomach. When this motility process 
becomes disordered, patients complain of dysphagia, odyno-
phagia, regurgitation of undigested food or liquid, and atypical 
chest pain. Indeed, a high index of suspicion for benign 
esophageal motility disorders is necessary when elderly 
patients complain of atypical chest pain, especially when 
evaluations for cardiac etiologies of atypical chest pain are 
negative or inconclusive. A firm understanding of these 
disorders will guide the clinician toward the correct diagnosis 
and facilitate provision of effective treatment.

Dysphagia, defined as a difficulty or partial inability to 
swallow, is one of the most common presenting symptoms of 
esophageal motility disorders in the elderly population. It 
can also result from injury to the brain, such as cerebral vas-
cular accidents (stroke), or from mechanically obstructing 
lesions. Benign mechanical causes of esophageal dysphagia 
in the elderly may include peptic strictures, rings or webs, 
vascular lesions, or medication-induced esophageal mucosal 
injury [2]. The impact of dysphagia on the quality of life and 
well-being of the elderly patient can be quite significant, 
resulting in severely decreased caloric intake and malnutri-
tion, as well as interfering with the social aspects of eating. 
Indeed, elderly patients living in nursing homes who have 
swallowing difficulties are 3 times more likely to suffer from 
malnutrition than elderly patients without swallowing diffi-
culties [7], and are significantly more likely to die within the 
next 6 months, compared with elderly patients who are inde-
pendent in their ability to feed themselves [8]. It is difficult 
to know whether this excess in mortality is directly related to 
these feeding difficulties; however, the findings do suggest 
that interventions designed to improve swallowing may 
result in improved outcomes for elderly patients. Although 
oropharyngeal dysphagia (i.e., disordered swallowing mech-
anism) contributes significantly to these swallowing difficul-
ties, this chapter focuses specifically on the contribution of 
esophageal motility disorders to dysphagia complaints.

Esophageal Motility in the Elderly Patient

Upper Esophageal Sphincter (UES)

The upper esophageal sphincter (UES), or pharygoesopha-
geal sphincter, is the superior most portion of the esophagus. 
It consists of striated muscle and, in normal circumstances, 
is under conscious control. During swallowing, the cricopha-
ryngeus portion of the inferior pharyngeal constrictor 
relaxes, the UES opens, and bolus solid or liquid passes 

Table 46.1 Changes in esophageal physiology with aging

Upper esophageal sphincter (UES) and pharynx
 Impaired coordination
 Lower UES pressure
 Incomplete UES relaxation with swallowing
Esophageal body
 Impaired secondary peristalsis
 Increased frequency of failed primary peristalsis (possibly reflux 

related)
 More patients with ineffective esophageal motility (IEM)
Lower esophageal sphincter (LES)
 More hiatal hernias (subsequently low LES pressure)
Sensory function
 Impaired sensation with balloon distention
 Impaired sensation with acid perfusion (Bernstein test)
 Impaired pharyngeal sensation (decreases swallow initiation)
Source: Reprinted from Achem et al. [2] with permission from Lippincott 
Williams & Wilkins
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into the esophagus. It then closes, thereby preventing 
backflow into the hypopharynx. With age, this coordinated 
swallowing mechanism can become disordered and lead to 
dysphagia. Studied extensively, the data, though not conclu-
sive, suggest that changes to the UES are not inevitable, but 
that elderly patients with dysphagia do have changes in the 
function of the UES that contribute to the swallowing diffi-
culties [9, 10]. For example, the function of the pharynx, 
resting UES pressure, and the ability of UES to relax were 
assessed in a comparison of asymptomatic patients greater 
than 75 years of age, with a younger cohort of patients  
(20–35 years). Resting UES pressure and UES relaxation 
decreased in the older patients compared with the younger 
patients [5]. Meier-Ewert et al. confirmed these findings in 
another study of elderly patients with dysphagia compared 
with elderly patients without dysphagia and with a younger 
cohort. These investigators found that elderly patients with 
dysphagia had decreased peak pharyngeal pressure and 
impaired relaxation of the UES [11]. Other investigators 
found that UES function in asymptomatic elderly patients 
was not significantly different from younger patients with-
out dysphagia [12].

The exact etiology of these changes is unclear, but may be 
the result of a loss of connective tissue compliance that 
occurs with aging. Another possible etiology is laryngopha-
ryngeal reflux, causing spasm of the UES due to reflux of 
gastrointestinal secretions to the level of the pharynx [13]. 
Regardless of etiology, failure of the UES to relax predis-
poses elderly patients to dysphagia, due to a functional 
obstruction to food and liquid boluses. Over time, even 
though the overall pressures in the esophagus just proximal 
to the UES are diminished, the failure of the UES to relax 
leads to increased pressure just proximal to the cricopharyn-
geus muscle, and contributes to the formation of Zenker’s 
diverticulum.

Body of the Esophagus

The primary function of the esophagus is to transport boluses 
of food and liquid from the oropharynx to the stomach. The 
body of the esophagus is the muscular tube, located between 
the UES and the LES, responsible for this bolus transfer. The 
esophageal body propagates the bolus through primary and 
secondary peristalsis. Triggered by swallowing, primary peri-
stalsis is a voluntary contraction of the esophageal body that 
begins at the UES and progresses to the LES in a coordinated 
wave. This peristaltic wave moves the bolus rapidly through 
the esophagus with intra-luminal pressures that range from 
20 to 100 mmHg. Secondary peristalsis is initiated if the pri-
mary peristalsis fails to completely clear the esophagus. 
Caused by distention or irritation, these secondary peristaltic 
waves are involuntary, but also progressive and sequential. 

When primary and secondary peristalsis become disordered, 
such as occurs with simultaneous “tertiary” contractions or 
low-amplitude contractions, esophageal complaints, such as 
dysphagia, odynophagia and chest pain, become common. 
Tertiary contractions have no known physiologic function 
and occur more often in elderly people [3].

Common esophageal body motility disorders in elderly 
patients include achalasia, DES and scleroderma. Several 
potential theories exist regarding the underlying physiologic 
mechanism of esophageal motility dysfunction in elderly 
patients. Dysmotility disorders in elderly patients may be 
secondary to the decreased number of myenteric neurons 
with aging, which results in denervation of the esophagus. 
This loss of innervation may then lead to loss of secondary 
peristalsis triggered by the distension of the esophagus [5]. It 
has also been noted that the pathologic changes seen in the 
aging esophagus are similar to changes that occur with spas-
tic esophageal motility disorders. A significant decrease in 
esophageal amplitude pressures have been reported in elderly 
patients in the 8th and 9th decade of life [5].

Lower Esophageal Sphincter (LES)

The LES consists of a ring of smooth muscle fibers in the 
distal few centimeters of the esophageal body and proximal 
stomach. This ring of muscle fibers normally remains con-
stricted, creating a 3–5 cm zone of increased pressure at the 
junction of the esophagus and the gastric cardia. When the 
LES pressure is decreased, reflux of gastrointestinal contents 
into the distal esophagus occurs. GERD is quite common in 
the general population, and the majority of studies suggest 
that there are minimal-to-no changes in LES pressure with 
aging [2, 3]. Indeed, at least one investigator has found that 
diagnoses related to failure of the LES are more frequent in 
patients younger than 80 years of age [14].

Manometry in the Elderly Patient

After exclusion of intrinsic structural esophageal pathology 
with upper endoscopy and barium swallow, elderly patients 
with esophageal dysphagia should undergo manometry for 
evaluation for underlying motility disorder. Despite the early 
identification of “presbyesophagus” in nonagenarians, more 
recent studies have found that manometric findings are help-
ful in diagnosing specific motility abnormalities in older 
patients [14, 15] (Tables 46.2 and 46.3).

Motility disorders, such as achalasia, nutcracker esopha-
gus or nonspecific disorders, have been diagnosed in up to 
50% of patients without intrinsic esophageal pathology 
who undergo manometry testing, making manometry an 
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invaluable tool in evaluation of dysphagia in elderly patients. 
In a recent study, comparing esophageal motility studies of 
patients >65 years of age presenting with dysphagia, to 
motility studies of matched dysphagic younger patients, no 
differences were identified in LES pressure, residual pres-
sure after deglutition, LES relaxation or peristalsis, or ampli-
tude of esophageal body contractions [15]. Interestingly, the 
main difference between these age groups was the preva-
lence of presenting symptoms; elderly patients are more 
likely to present with dysphagia, unlike younger patients, 
who are more likely to present with heartburn. This may sim-
ply reflect the finding that older patients are more likely to 
have spastic disorders underlying their dysphagia, and 
younger patients more likely to have motor dysfunction 
related to reflux disease as the underlying etiology for their 
dysphagia [14].

Esophageal Surgery for Benign  
Esophageal Disorders

Paraesophageal Hernia/Hiatal Hernia

PEH accounts for approximately 5–10% of all hiatal hernias. 
They are more prevalent in elderly patients and are especially 
common among elderly women. PEHs are classified into 
four main types: type 1 PEH is a sliding-type hiatal hernia; 
type 2 PEH involves true “paraesophageal” herniation of the 
stomach, posterolateral to the esophagus, with the gastroe-
sophageal junction remaining in the normal intra-abdominal 
position; type 3 PEH involves proximal migration of the gas-
troesophageal junction into the posterior mediastinum along 
with the cardia (or more) of the stomach; and type 4 PEH 
(Fig. 46.1) involves the stomach, and at least one other vis-
ceral organ migrating into the chest [16]. Type 4 PEH is 
associated with the highest morbidity and mortality. It is 
likely that PEHs progress from type 1 sliding hiatal hernias 
to type 3 and 4 PEH over time. Not surprisingly, type 4 PEHs 
are more likely to occur in patients over the age of 70 years 
[16]. Sliding type 1 hiatal hernias are associated with incom-
petence of the gastroesophageal sphincter and subsequent 
development of symptomatic GERD [17–21]. The develop-
ment of PEH involves the progressive weakening of the 
phrenoesophagal membrane, attenuation of the muscles of 
the diaphragmatic hiatus, and subsequent hiatal enlargement. 
PEH development progresses with age [19, 20].

PEH is associated with a variety of symptoms and patients 
can present electively or emergently. While symptoms often 

Table 46.2 Esophageal motility disorders in older and younger 
patients

Diagnosis Older patients (%) Younger patients (%)

Normal 30.3 44.3
Achalasia 15.2a 4.1
Diffuse spasm 16.6a 4.1
Incomplete LES relaxation 1.5b 9.8
NEMD 22.7 13.9
Nutcracker esophagus 9 5.7
Scleroderma esophagus 3 10.7
Low LES pressure 0 5.7
Abnormal UES/pharynx 1.5 1.6
LES lower esophageal sphincter; NEMD nonspecific esophageal 
 motility disorder
ap < 0.005 (older compared with younger patients)
bp < 0.05
Source: Reprinted with permission from Ribeiro et al. [3], Copyright 
Elsevier 1998

Table 46.3 Manometric characteristics of esophageal motility 
disorders

Achalasia Aperastaltic esophageal body with 
incomplete lower esophageal sphincter 
(LES) relaxation; ±elevated LES 
resting pressure (>40 mmHg)

Diffuse esophageal  
spasm (DES)

Simultaneous contractions with prolonged 
duration of contractions (>8 s)

Hypertensive esophagus 
(“nutcracker 
esophagus”)

Mean amplitude in the distal esophagus 
>180 mmHg with increased duration 
of distal contractions (>8 s)

Hypotensive esophagus Resting LES pressure <15 mmHg
Ineffective motility: abnormal peristalsis 

occurring >30% with low distal 
amplitude (<30 mmHg) or failed non 
transmitted contractions

Source: Modified from Robson and Glick [15], with permission from 
Springer Science+Business media

Fig. 46.1 Contrast CT scan of the chest demonstrating a type 4 parae-
sophageal hernia with migration of the entire stomach into the chest. 
This is a giant paraesophageal hernia because greater than one third of 
the stomach is intrathoracic
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include classic gastroesophageal reflux complaints of 
heartburn and regurgitation, patients also frequently com-
plain of postprandial fullness, bloating, retrosternal chest 
pain (which may be misdiagnosed as cardiac angina), and 
dysphagia. Anemia can result from chronic bleeding from 
the herniated stomach, and gastrointestinal bleeding can be 
a source of major morbidity and even mortality (Fig. 46.2). 
Patients can be minimally symptomatic for years despite a 
significant herniation of stomach into the mediastinum. The 
symptoms are often misdiagnosed as cardiac or pulmonary 
in origin, or are treated with antireflux medications. As 
such, PEH progressively enlarge. Over time, herniation of 
the entire stomach into the chest can occur, and is often 
associated with organo- or meso-axial volvulus. Referral for 
surgical repair is often delayed until the patient suffers a 
major complication. When the predominant symptoms are 
dysphagia, chest pain, aspiration (often leading to pneumo-
nia), or bleeding, the underlying cause is mechanical 
obstruction. As such, these symptoms are not responsive to 
medical management. Surgical delay in this situation is of 
no benefit [22].

Because large PEH can occupy a significant amount of 
space in the thorax, chronic lung compression may compro-
mise pulmonary function in patients with large PEH. 
Mechanical obstruction with regurgitation and aspiration 
can further compromise respiratory status. Indeed, patients 
with long-standing, large PEHs may present with significant 

progressive dyspnea and pulmonary dysfunction, which may 
dissuade surgical intervention because of the high risk for 
complications associated with general anesthesia and 
surgery. Despite the fact that patients are frequently aware 
that they have a PEH with a large herniation of stomach into 
the chest, their progressive pulmonary dysfunction is still 
often mistakenly attributed to comorbid conditions, such as 
COPD or heart failure. It is important, however, that clini-
cians be aware of the contribution of PEH to dyspnea, as well 
as the risk for aspiration, and to consider referral of the 
patient for operative evaluation and possible repair. Low and 
Simchuk studied the relationship between pulmonary func-
tion and PEH repair, and found that repair was associated 
with improved basic spirometry values, up to 16% above 
baseline. Repair was also associated with increases in FEV1 
(forced expiratory volume in 1 s) and forced vital capacity 
[23]. In fact, the degree of improvement after PEH correction 
correlated with the increasing size of the hernia and was 
attributed to relief of the mechanical compression. Many 
patients have reported improved dyspnea, reduced aspira-
tion, and better quality of life postoperatively [23, 24]. This 
is due to relief of mechanical compression, improved dia-
phragmatic function, and reduced atelectasis. Furthermore, 
mechanical compression may also transiently affect cardiac 
function, which contributes to the sensation of dyspnea and 
to decreased exercise capacity. Significant respiratory 
dysfunction may in fact be an indication for surgery in 
patients with large PEH and should be carefully assessed.

The repair of PEH in elderly patients, as with younger 
patients, requires strict attention to complete dissection of 
the hernia sac from the mediastinum, reduction of the 
herniated contents back into the abdomen, recognizing and 
managing a shortened esophagus, and closing a large hiatal 
defect without tension [25]. Because the surgical dissection 
disrupts the phrenoesophageal ligament, many surgeons 
routinely include an antireflux procedure as a part of the 
repair. PEH is often associated with esophageal shortening, 
necessitating extensive esophageal mobilization and, when 
necessary, collis-gastroplasty to achieve an adequate length 
of intra-abdominal esophagus. Repair can be achieved with a 
laparoscopic approach in centers of excellence with outcomes 
that compare favorably to open repair [24, 26].

The management of asymptomatic or minimally symp-
tomatic PEHs remains a highly debated topic, in part because 
the true natural history of this disease entity is yet to be 
determined. Morbidity is substantial among elderly patients, 
in part because of advanced disease and associated comorbid 
conditions [16, 22, 27], and raises the question of the best 
therapeutic strategy for patients with asymptomatic or mini-
mally symptomatic PEHs. However, many surgeons advo-
cate elective laparoscopic repair. The laparoscopic approach 
for PEH repair is now the standard of care, enabling these 

Fig. 46.2 Barium swallow examination in a patient presenting with 
dysphagia and anemia secondary to a giant paraesophageal hernia; ane-
mia resulted from chronic low grade bleeding from herniated intratho-
racic stomach
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hernias to be fixed with less pain, faster recovery and reduced 
morbidity and mortality. The benefits of laparoscopy may be 
most pronounced in elderly patients who are less able to tol-
erate operative intervention due to the effects of age and 
greater comorbid burden. The morbidity associated with 
PEH repair in elderly patients may dissuade surgical referral. 
However, the morbidity and mortality associated with emer-
gent presentations secondary to acute strangulation, volvulus 
or perforation are considerable higher [22, 27]. In our center, 
patients requiring hospitalization and nonelective repair for 
significant symptoms related to PEH were significantly older 
than those treated with elective repair. Octogenarians were 
nearly 5 times more likely to receive nonelective repair, with 
a postoperative mortality of 16% compared to 0.7% for elec-
tive repair. The combined effect of age >80, nonelective 
operation and a Charlson comorbidity index score of 3 or 
greater increased the risk of postoperative mortality to 40 
times that of the patient undergoing elective operation at an 
age less than 80 years with lower comorbidity scores. Based 
on these findings, and supported by recent reports by others, 
we strongly recommend that patients with large hiatal hernia 
be carefully assessed for symptoms by a qualified surgeon 
once the large hiatal hernia has been identified. The surgeon 
must weigh the patient’s functional status, comorbid condi-
tions, symptoms, and the potential for life-threatening com-
plications due to the herniated stomach to determine whether 
operative intervention is needed, rather than waiting for an 
acute presentation as the morbidity and mortality associated 
with nonelective presentation is substantial [28].

Gastroesophageal Reflux Disease (GERD)

GERD is a constellation of symptoms that occur as the result 
of gastric contents regurgitating from the stomach back into 
the esophagus. GERD results from three distinct aberrations 
in normal physiology: (1) impaired esophageal motility; (2) 
impaired function of the LES; and (3) delayed gastric empty-
ing. Patients with GERD typically have at least one of these 
three mechanisms underlying their disease process. In the 
elderly, all three factors are often present and, when com-
bined with the age-related changes described below, contrib-
ute to increased disease severity. Indeed, while the prevalence 
of GERD within the elderly population is similar to the entire 
population, elderly patients are more likely to suffer from 
complications of GERD, more likely to be under- or misdi-
agnosed, and more likely to be under-treated. Delays in diag-
nosis and appropriate therapy contribute to more severe 
esophagitis and 20% of elderly patients have grade 3 or 4 
esophagitis at endoscopy [29]. Historically, the increased 
morbidity and mortality of open surgery in elderly patients 
limited the number of referrals for surgical intervention. 

However, with the advent of advanced laparoscopic techniques 
and experience, antireflux surgery is now considered a safe 
option for elderly patients, and should be considered in 
patients with complications of GERD, or whose GERD 
symptoms are not adequately resolved by medication.

There are several factors associated with the aging process 
that have been implicated in the etiology of GERD in elderly 
patients. In particular, with aging, there is increased gastric 
acid secretion, decreased esophageal mucosal regeneration, 
and decreased esophageal protective mechanisms (namely 
impaired esophageal clearance and reduced bicarbonate secre-
tions) [30]. With advancing age, salivary bicarbonate pro-
duction decreases, while physiologic levels of gastric acid 
secretion remain constant. The reduction in the bicarbonate 
buffer within the stomach results in an overall increase in 
gastric acidity. When gastric contents reflux into the esophagus, 
the result is increased esophageal acid exposure [29]. In a 
recent study, the percentage of time with pH <4 was as high as 
32.5% in elderly patients, significantly higher than the 12.9% 
in younger counterparts with GERD [31].

The impact of GERD on esophageal mucosal injury can 
be further exacerbated by certain medications that are taken 
with greater frequency by the elderly. Several common med-
ications can cause direct esophageal mucosal injury (such as 
nonsteroidal anti-inflammatory drugs (NSAIDs), potassium 
tablets and bisphosphonates), while others cause decreased 
LES pressure (including nitrates, calcium-channel blockers, 
benzodiazepines, anticholinergics, and antidepressants). As 
with younger patients, decreased LES pressure increases 
acid exposure in the distal esophagus. In the elderly, this acid 
exposure is accentuated by delayed esophageal acid clear-
ance that occurs due to disturbances of esophageal motility. 
Compared with younger patients, the elderly are more likely 
to have a significant decrease in the amplitude of peristaltic 
contraction, and an increase in the frequency of nonpropul-
sive contractions [4, 32–34]. Furthermore, many comorbid 
conditions can adversely affect esophageal motility, such as 
Parkinson’s disease, cerebrovascular disease, and diabetes 
mellitus, all of which occur with greater prevalence in the 
elderly. Combined with the diminished regenerative capabil-
ity of esophageal mucosal cells, the decrease in esophageal 
protective mechanisms significantly increases the vulnerabil-
ity of elderly patients to mucosal injury and esophagitis [6].

Despite increased vulnerability to esophageal mucosal 
injury, elderly patients are less likely to experience the clas-
sic reflux symptoms of heartburn and regurgitation than are 
younger patients. Atypical presentations of GERD, such as 
dysphagia, chest pain and pulmonary complications, includ-
ing asthma-like symptoms and aspiration pneumonia, may 
be more common. These atypical GERD symptoms can 
mimic symptoms of underlying coronary artery disease and 
chronic lung disorders, and are another important reason 
why GERD is easily misdiagnosed in the elderly. Anemia 
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may also be an atypical presentation of GERD within the 
elderly population.

The phenomenon of reduced heartburn symptom severity 
with advancing age may be explained by age-related 
decreases in esophageal pain perception. Fass et al. prospec-
tively analyzed GERD symptoms, and response to acid infu-
sion in patients over 60 years of age compared to patients 
less than 60 years. All patients complained of GERD symp-
toms and GERD was confirmed with 24-h pH monitoring 
and endoscopy. The elderly patients were significantly less 
likely to complain of severe heartburn (17.6 vs. 52%) despite 
the fact that 74% of the elderly cohort had erosive esophagitis 
compared with only 64% of the younger group. Importantly, 
the elderly patients had a significantly longer lag time to 
initial symptom perception in response to acid infusion, and 
a significantly lower acid perfusion sensitivity score [35]. 
This decrease in esophageal pain perception may, in fact, be 
a factor in the increased rate of GERD complications in the 
elderly, because it can lead to more advanced acid injury 
without the usual warning symptoms.

Several diagnostic tests are available for the evaluation of 
GERD and, as with younger patients, are extremely useful in 
the evaluation of elderly patients with GERD. Because of the 
increased prevalence of atypical symptoms in the elderly, 
including dysphagia, noncardiac chest pain and pulmonary 
manifestations, the indications for GERD evaluation should 
be expanded to include these symptoms in older patients. 
The complications associated with untreated GERD in the 
elderly can be severe and life threatening, making an aggres-
sive approach to diagnosis important. Barium swallow and 
upper GI endoscopy are used to evaluate dysphagia and 
mucosal injury. Barium swallow examination utilizing a 
double contrast technique is useful to characterize anatomy 
and provide qualitative information on esophageal function. 
The barium swallow is particularly important in elderly 
patients whose symptoms may be related to an underlying 
motility disorder, Zenker’s diverticulum, esophageal neo-
plasm, or peptic stricture [36]. In contrast to younger patients, 
endoscopy should be considered earlier, as an initial diag-
nostic test, in elderly patients with heartburn, regardless of 
the severity or duration of complaints, to evaluate for erosive 
esophagitis and esophageal malignancy. However, the defini-
tive diagnosis of GERD in the elderly remains ambulatory 
esophageal 24-h pH monitoring, as in younger patients. 
Ambulatory esophageal 24-h pH monitoring quantifies the 
degree of reflux but, more importantly, can be used to corre-
late symptoms with documented reflux episodes, which is 
critical for determining the etiology of atypical symptoms 
[36]. Esophageal manometry is often used in patients with 
markedly atypical symptoms, for locating the LES for pH 
testing, and in those for whom surgery is contemplated.

Treatment of GERD in the elderly is essentially the 
same as in all adults. The treatment goals for GERD include 

elimination of symptoms, healing of esophagitis, managing 
or preventing complications, and maintaining remission. The 
vast majority of people with GERD can be treated success-
fully with the noninvasive methods of lifestyle modification 
and medication. Approximately a decade ago, proton pump 
inhibitors (PPIs) were introduced for management of GERD 
and have provided considerable relief of heartburn in both 
older and younger patients. However, despite considerable 
enthusiasm for their use, PPIs have not proven to be the per-
fect panacea for management of GERD, particularly in the 
elderly. First, PPIs have little effect on regurgitation and 
respiratory symptoms and, therefore, may be less effective 
for symptom control in elderly patients. They are extremely 
effective at neutralizing the acid, but several studies utilizing 
esophageal impedance have demonstrated that acid-reducing 
medications allow reflux and regurgitation of gastric con-
tents with a neutral PH through the incompetent sphincter 
[37, 38]. Symptoms that are secondary to volume regurgita-
tion, such as pulmonary aspiration, pneumonia, and chronic 
sinusitis, persist in this setting, despite the resolution of 
heartburn. Second, the Food and Drug Administration (FDA) 
issued a warning in 2009 regarding the interaction between 
drugs that inhibit the CYP2C19 enzyme, the target for PPIs 
and the anti-platelet medication, clopidogrel [39]. According 
to the FDA, CYP2C19 enzyme inhibiting drugs significantly 
reduce the active metabolite levels of patients taking clopi-
dogrel. Taken with omeprazole, the active metabolite levels 
were reduced by 45%, and the anti-platelet effect reduced by 
47%. They recommend that patients requiring clopidogrel 
and acid-reducing agents use antacids or H2 antagonists, 
such as ranitidine or similar medications. The warning from 
the FDA will likely have a significant impact on the ability to 
effectively manage symptoms of heartburn in the elderly.

Laparoscopic fundoplication is safe and effective for 
management of GERD in elderly patients and is not associ-
ated with a higher incidence of intraoperative or postopera-
tive complications [40]. The procedure is very effective at 
eliminating heartburn, similar to the effectiveness of PPI, but 
also eliminates volume regurgitation. This is an important 
distinction and warrants serious consideration in the man-
agement of elderly patients with atypical GERD symptoms, 
particularly nocturnal regurgitation and pulmonary aspira-
tion, as these can lead to irreversible lung damage [40]. When 
performed laparoscopically, fundoplication carries a morbid-
ity rate of 8–20% and a mortality rate of less than 1%. These 
rates do not differ significantly in elderly patients [29, 36, 41, 42]. 
It is now well-accepted that age alone should not be 
a contraindication to antireflux surgery, especially in prop-
erly selected patients. Furthermore, minimally invasive 
Nissen fundoplication is safe and efficacious in the elderly 
population with added benefit of decreased postoperative 
pain, shortened length of hospital stay, and faster return to 
normal activity [43, 44].
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Peptic Stricture

Peptic strictures occur in 7–23% of patients with untreated 
reflux disease [45]. These patients usually have a history of 
long-standing GERD and present with progressively worsen-
ing dysphagia for solids. In patients with dysphagia in whom 
peptic stricture is likely, it is crucial to perform upper endos-
copy to exclude carcinoma as a cause of symptoms, which 
can also arise in the setting of long-standing GERD and 
Barrett’s changes as described below. Barium swallow is also 
useful for the evaluation of these patients, and in contrast to 
findings characteristic of carcinoma, peptic strictures result in 
a smooth tapering of the esophagus and can involve varying 
lengths. Peptic strictures in elderly patients can usually be 
effectively managed with esophageal dilation in combination 
with aggressive antireflux therapy with PPIs. Esophagectomy 
may be necessary for severe peptic stricture that is not respon-
sive to esophageal dilation. Antireflux surgery may be consid-
ered if the stricture is mild, but extreme care must be taken as 
a fundoplication may significantly worsen dysphagia.

Barrett’s Esophagus

Barrett’s esophagus (BE) is a metaplastic transformation of 
the squamous lining of the esophagus to a columnar intestinal 
epithelium with goblet cells. BE is a complication of long-
standing GERD and, because chronic exposure of the esopha-
geal mucosa to gastroduodenal reflux is required for this 
transformation to occur, is most commonly found in patients 
over the age of 50. The frequency of BE increases with age 
and plateaus in septuagenarians. While BE itself is a benign 
disorder, it can undergo malignant transformation, progress to 
high-grade dysplasia and, ultimately, invasive adenocarcinoma 
of the esophagus. Historically, esophagectomy was performed 
for patients with high-grade dysplasia, as it is a precursor for 
adenocarcinoma. Patients with high-grade dysplasia undergo-
ing esophagectomy had a rate of occult cancer on final exami-
nation of the esophagectomy specimen, that was reported to 
be as high as 40% [46]. With advances in endoscopic ultra-
sound and endoscopic mucosal resection, this rate of occult 
cancer is likely an overestimate, with more recent studies sug-
gesting a range of 10–20% [47, 48]. Although most patients 
with BE will not progress to adenocarcinoma, it is crucial to 
identify at-risk populations and institute aggressive surveil-
lance and therapy, given the fact that adenocarcinoma has a 
fast-rising incidence with a stark 300–500% increase in inci-
dence since the 1970s [49]. This, coupled with an average 
age of diagnosis in the 6th or 7th decade of life, makes the 
diagnosis and management of GERD and BE crucial for 
the prevention of esophageal cancer in elderly patients.

Achalasia

Achalasia is a neurogenic esophageal disorder of unknown 
etiology, caused by an irreversible degeneration of the esoph-
ageal myenteric plexus. Achalasia is characterized by 
impaired esophageal peristalsis and lack of LES relaxation, 
leading slowly to progressive dysphagia for solids and liq-
uids and gradual weight loss. On esophageal manometry, the 
patient will have evidence for failure of relaxation of the LES 
and aperistalsis of the esophageal body (Fig. 46.3). Achalasia 
is characterized by a “bird’s-beak” appearance in radio-
graphic studies (Fig. 46.4). The underlying motility abnor-
mality of the esophageal body cannot be surgically corrected 
and, therefore, intervention is aimed at the palliative resolu-
tion of symptoms by reducing the LES pressure and allowing 
emptying of the esophagus by force of gravity.

Epidemiologic data supports a bimodal distribution of the 
incidence of achalasia, with a smaller peak between the ages 
of 25–40, and a larger peak occurring in the seventh decade 
of life [50, 51]. In a large retrospective study in hospitalized 
elderly patients, the diagnosis of achalasia was associated 
with significantly increased risk of pulmonary complica-
tions, malnutrition and gastroesophageal cancer during the 
hospital stay [52]. While chest pain and dysphagia are com-
mon presenting symptoms for achalasia, elderly patients are 
significantly less likely to complain of chest pain than 
younger patients. When they do complain of chest pain, it is 
typically less severe [53]. Furthermore, in the older patient, 
long-standing achalasia may result in extreme dilation and 
tortuosity of the esophagus, referred to as sigmoid esopha-
gus, clearly demonstrated on barium esophagram (Fig. 46.5). 
Interestingly, because elderly patients have decreased 
visceral pain perception, they tend not to experience symp-
toms of vigorous achalasia, such as severe retrosternal pain 
secondary to high amplitude esophageal contractions, to the 
same extent as younger patients [54, 55]. It is also important 
to consider the possibility of symptoms attributable to sec-
ondary achalasia, or pseudo achalasia, secondary to distal 
esophageal malignancy. Secondary achalasia should be sus-
pected in older patients with new onset of dysphagia, less 
than 1 year duration, with weight loss [2].

The options for definitive management of achalasia include 
endoscopic therapy and surgical myotomy. Endoscopic tech-
niques include pneumatic balloon dilation of the LES and 
injection of the LES with Clostridium botulinum toxin 
(Botox). Interestingly, outcomes in the elderly after endo-
scopic therapy appear to be better than in younger patients 
[56]. Retrospective and prospective studies over the past 
decade have evaluated predictors of long-term symptom-
atic relief, and have repeatedly shown that older patients 
are more likely to have durable relief from pneumatic dila-
tion than younger patients [56–60]. Similarly, injection of 
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Clostridium botulinum toxin at the LES has been shown to 
be more effective in the elderly than in younger patients. It is 
not, however, as effective as pneumatic dilation for durable 
relief of symptoms [61]. Because of this, C. botulinum toxin 

injection may be a reasonable option, predominantly for 
elderly patients with compromised physiologic reserve who 
cannot undergo pneumatic dilation or minimally invasive 
myotomy.

Elderly patients are increasingly referred for surgical 
treatment of achalasia, in part because of the availability of 
and increasing experience with the minimally invasive 
approach in lieu of traditional open Heller myotomy [62–65]. 
With the advent of minimally invasive techniques, surgical 
intervention for achalasia produces excellent outcomes, 
resolves symptoms, and should be considered a viable option 
for achalasia in the elderly patient. Another clear advantage 
to providing definitive surgical therapy to elderly patients is 
the avoidance of repeated procedures and the cumulative risk 
of complications, such as esophageal perforation following 
pneumatic dilation.

We recently reviewed our institutional experience with 
minimally invasive myotomy for achalasia in elderly patients 
[55]. We identified 57 patients over the age of 70 who under-
went minimally invasive myotomy for treatment of achalasia. 
The average age in the cohort was 78 years. Of the 57 patients, 
over half (61%) had prior endoscopic treatment for achalasia, 
including both pneumatic dilation (35%) and C. botulinum 
injection (21%). Two patients had received both therapies 
and 1 additional patient had a prior myotomy. All patients 
had recurrent symptoms. Despite advanced age, there were 
no perioperative deaths. Eleven patients had complications 
(19.3%) including 3 intraoperative esophageal perforations, 
which were identified and repaired intra-operatively, 1 gastric 

Fig. 46.3 Esophageal 
amplitude pressures in 
Achalasia (reprinted with 
permission from Bremner 
[82], p. 61)

Fig. 46.4 Barium swallow demonstrating bird’s beak narrowing of the 
distal esophagus (solid red arrow) suggestive of achalasia. Retained 
food particles (dashed arrow) are frequently seen on barium evalua-
tions of patients with achalasia
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perforation, also identified and treated intra-operatively, 3 pleural 
effusions, 1 case of pneumonia, and 3 other minor complica-
tions (ileus, Clostridium difficile infection and respiratory 
insufficiency). All complications were appropriately man-
aged without significant morbidity. The average length of 
stay was 3 days. At a mean follow up of 23.5 months, 96% of 
patients experienced significant symptomatic relief; mean 
dysphagia score improved from 3.28 to 1.36 following mini-
mally invasive myotomy (p < 0.001). These results have been 
replicated by other centers of excellence in minimally inva-
sive surgery, and suggest that minimally invasive myotomy, 
performed by experienced surgeons, is an excellent option 
for long-term and durable management of achalasia, even in 
elderly patients [65–70].

Diffuse Esophageal Spasm and 
Hypercontracting “Nutcracker” Esophagus

DES accounts for approximately 3–5% of all esophageal 
motility disorders, and predominant symptoms are dysphagia 
and severe chest pain. DES is characterized by normal peri-
stalsis interrupted by simultaneous contractions of unclear 
etiology [71]. Possible etiologic factors for DES are neural 

dysfunction, hypersensitive esophagus, gastroesophageal 
reflux, and stress-induced contractions. Concomitant GERD 
is present in approximately 30–50% of patients suffering 
with DES and 24-h ambulatory pH studies may provide 
useful information in these patients. Patients with DES can 
generally be categorized by the amplitude of distal esopha-
geal contractions. As the amplitude of distal contractions 
increases, higher pressures are generated within the esopha-
gus, causing significant chest discomfort [71–73] (Fig. 46.6). 
Chest pain can be particularly confusing in an elderly patient 
with concomitant coronary artery disease and angina. Of 
particular interest, not only does the chest pain of DES mimic 
cardiac angina, it can also be alleviated by administration of 
nitroglycerin. However, the chest pain characteristic of DES 
is rarely exertional and is often precipitated by meals. 
Therefore, careful history and physical examination and an 
appropriate subsequent diagnostic workup are crucial to pro-
viding effective treatment to elderly patients with DES. It is 
also important to remember that manometric evaluation of 
these patients can vary from day to day depending on the 
amount of spastic activity, which does not necessarily cor-
relate well with occurrence of symptoms.

Although DES can occur at any age, it is far more com-
mon in patients older than 50 years of age. Treatment of DES 
is predominately nonsurgical, and patients can be reassured 

Fig. 46.5 (a) Barium swallow representing the classic changes in an older 
patient with long standing achalasia resulting in extreme dilation and tor-
tuosity of the esophagus, referred to as sigmoid esophagus. (b) Chest X-ray 

following contrast examination demonstrating an extremely dilated and 
tortuous sigmoid esophagus. The red arrows indicate the contour of the 
esophagus, which is similar in appearance to sigmoid colon



56346 Esophageal Surgery for Benign Disease in the Elderly

that their chest pain is not of cardiac origin. GERD should be 
identified and aggressively treated and may result in resolu-
tion or alleviations of symptoms of DES. Other medical 
therapies with varied success include long-acting nitrates, 
calcium channel blockers, and anticholinergics. More aggres-
sive interventions are limited to a specific subset of patients. 
For patients with DES whose predominant compliant is 
dysphagia, pneumatic dilation or Botox injection may be 
helpful, especially for those patients whose manometry 
shows abnormal relaxation of the LES. Extensive surgical 
myotomy may help some patients with symptomatic relief of 
chest pain, however, this should be undertaken with caution 
since symptomatic relief is highly variable [71]. Nonoperative 
measures should be optimized, and the decision to proceed 
with surgery made after careful counseling of the patient 
regarding the risks of major surgery, often involving a transt-
horacic approach. Options for surgical intervention include 
long myotomy, roux-en-y near-esophagojejunostomy, and 
esophagectomy and should be performed by surgeons who 
have extensive experience in esophageal surgery, as the risks 
for adverse outcomes and poor quality of life postoperatively 
are not inconsequential.

Nutcracker esophagus is defined by mean distal esopha-
geal peristaltic amplitudes exceeding 180 mmHg, mean dis-
tal duration greater than 6 s, and a hypertensive LES with 
resting pressures greater than 45 mmHg (Fig. 46.7). The main 
presenting complaint in patients with nutcracker esophagus 
is chest pain; dysphagia is uncommon. In fact, approximately 

27–48% of patients who undergo manometry secondary to 
complaint of atypical chest pain are later determined to have 
nutcracker esophagus. Treatment of nutcracker esophagus is 
similar to treatment of DES. Relief of chest pain, as with 
DES, does not always coincide with pharmacological or sur-
gical therapy.

Esophageal Diverticula

An esophageal diverticulum is a sac or outpouching from the 
tubular esophagus. Esophageal diverticula are found most 
commonly in the elderly population, as they are typically 
acquired rather than congenital. Esophageal diverticula in 
the elderly are most commonly classified by anatomic loca-
tion (e.g., hypopharyngeal or distal esophageal), and by 
pathogenesis (e.g., pulsion or traction). Knowledge of the 
symptom complex associated with esophageal diverticula 
and the underlying pathophysiology of esophageal divertic-
ula are critical for early diagnosis and appropriate treatment. 
As with other benign esophageal disorders in the elderly, 
progressively worsening dysphagia is a common presenta-
tion of esophageal diverticula and can lead to adverse 
 consequences, such as aspiration, pneumonia, and malnutri-
tion. Patients complain of regurgitation of undigested food, 
halitosis, hoarseness and weight loss and, as a result, impaired 
quality of life.

Fig. 46.6 Esophageal 
amplitude pressures in diffuse 
esophageal spasm (reprinted 
with permission from 
Bremner [82], p. 83)
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Zenker’s Diverticulum

Pharyngoesophageal diverticula, commonly known as 
Zenker’s diverticula, are acquired, false, pulsion diverticula 
that frequently affect elderly patients. A Zenker’s diverticu-
lum is an outpouching in the posterior pharyngeal wall 
immediately above the UES (Killian’s triangle), and is found 
almost exclusively in patients older than 50 years of age. 
Zenker’s diverticula progressively enlarge leading to wors-
ening of symptoms with time. The etiology of Zenker’s 
diverticulum remains unclear,. However, it is proposed to 
involve dysfunction or dyscoordination of the UES with 
increased association in patients with hiatal hernia and 
GERD [74]. Zenker’s diverticula likely results from decreased 
compliance and inadequate opening of the cricopharyngeus 
muscle. Histopathologic changes in the cricopharyngeus 
muscle, with features of fibrosis and inflammation, have 
been identified in some patients with Zenker’s diverticula. 
This inadequate upper esophageal response leads to a high 
intrabolus swallowing pressure in the pharynx and subse-
quently to a diverticulum [75, 76].

The diagnosis of Zenker’s diverticulum is based on clini-
cal presentation and confirmed with barium swallow 
(Fig. 46.8). Rarely is any other evaluation necessary [74]. 
The traditional open procedures include diverticulectomy 
and myotomy, myotomy alone for small diverticula<4 cm or 
diverticuloplexy. They are all well tolerated in elderly 
patients. Over the last decade, minimally invasive, transoral 

stapled diverticulostomy has been developed as a suitable 
option for treatment of Zenker’s diverticula in well selected 
patients. Originally described by Collard in 1993, transoral 

Fig. 46.7 Esophageal 
amplitude pressures in 
Nutcracker Esophagus 
(reprinted with permission 
from Bremner [82], p. 85)

Fig. 46.8 (a) Barium swallow demonstrating an acquired Zenker’s 
diverticulum in a 72-year old female who presented with worsening 
dysphagia and regurgitation of undigested food. (b) Lateral view, from 
another patient, that clearly demonstrates the neck of a diveriticulum 
that is amendable to minimally invasive stapled diverticular exclusion
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stapling of a Zenker’s diverticulum is accomplished with the 
patient under general anesthesia [77]. Using a Weerda diver-
ticuloscope, the diverticulum can be visualized and divided 
using endoscopic staplers passed transorally [77]. The 
Weerda diverticuloscope is a specially designed, bivalved 
fiberoptic instrument, which can be passed through the 
patient’s mouth into the esophagus. By positioning one blade 
of the instrument in the esophageal lumen and the other in the 
diverticulum, the diverticular septum can be clearly identi-
fied. A suture placed in the septum of the diverticulum is very 
useful for providing counter-traction, and preventing the sep-
tum from being pushed away from the stapler as it is deployed. 
Because the endostapler places a double line of staples on 
either side of the transected mucosa and underlying cricopha-
ryngeus muscle, postoperative leaks are extremely rare, and 
short-term relief of symptoms is excellent.

Multiple studies now show that transoral stapling of 
Zenker’s diverticula is effective in relieving dysphagia and 
regurgitation with short operative times (ranging from 30 min 
to 1.5 h), minimal morbidity, and reduced length of hospital 
stay [77–80]. Several studies, however, report recurrent symp-
toms requiring re-intervention due to incomplete diverticulos-
tomy. For optimal results, the diverticulum should be at least 
2 cm in size to enable complete transaction of the muscle fibers 
of the cricopharyngeus muscle [77, 78, 80]. In addition, the 
patient cannot have a small oral cavity or degenerative neck 
disease that limits range of motion, as these factors inhibit pas-
sage of the stapling device. Despite the need for reintervention 
in approximately 10% of patients, the reduced morbidity and 
excellent, durable symptom relief obtained in the majority of 
patients makes transoral stapled diverticulostomy an excellent 
option for management of Zenker’s diverticulum in elderly 
high-risk patients. The short length of stay and the early 
resumption of oral intake with stapled diverticulotomy are also 
clearly advantageous in the geriatric population.

Epiphrenic Diverticulum

In contrast to Zenker’s diverticula, epiphrenic diverticula are 
diverticula that occur in the distal 10 cm of the esophagus 
(Fig. 46.9). Epiphrenic diverticula are also pulsion divertic-
ula that occur in the setting of increased intraluminal pres-
sure due to underlying neuromuscular motility disorders. 
Ideal management of epiphrenic diverticula remains contro-
versial but transthoracic resection, either with a traditional 
open technique or laparoscopic technique, along with a long 
esophagomyotomy and an antireflux procedure provides 
reliable functional results with relatively low morbidity and 
mortality. Various guidelines have been developed for indi-
cations for surgical intervention, such as diverticulum size 
greater than 5 cm; however, because symptoms and clinical 
progression correlate poorly with diverticular size, a more 

aggressive approach may limit complications, in particular 
pulmonary morbidity which has been associated with 
epiphrenic diverticulum. Of particular note, despite the typi-
cal occurrence of epiphrenic diverticula on the right side, a 
left transthoracic approach remains the best approach for 
surgical correction. The left transthoracic approach allows 
access to the diverticulum, distal esophagus, and esophago-
gastric junction, enables adequate mobilization and resection 
of the diverticulum, and provides adequate exposure to per-
form esophagomyotomy and an antireflux procedure [81]. 
Resection is favored to simple diverticuloplexy, particularly 
for large diverticula, as resection is associated with better 
functional outcomes and eliminates the risk of malignant 
transformation, which can occur in large, chronic diverticula, 
of the squamous epithelium into invasive squamous cell cancer. 
It is critical to recognize that epiphrenic diverticula result 
from motility disorders of the esophagus. In the majority of 
cases, morbidity results when the underlying esophageal 
motility disorder is not recognized and appropriately 
addressed. Diverticulectomy without a concomitant esophag-
omyotomy has been associated with a high rate of recurrence 
and suture line leakage, reportedly as high as 20% [81].

Summary

A thorough understanding of the evaluation and manage-
ment of benign esophageal disease is increasingly important 
for primary physicians, gastroenterologists, and surgeons. 

Fig. 46.9 Barium swallow demonstrating an epiphrenic diverticula 
involving the distal esophagus. The neck of the diverticulum is indi-
cated by the red arrow
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While benign esophageal diseases may be associated with 
classic presentations of dysphagia, heartburn and regurgita-
tion, recognition that atypical symptoms are also quite com-
mon in the elderly population is crucial. These atypical 
symptoms, such as chest pain and pulmonary complaints, 
often co-exist with known cardiac and pulmonary dysfunc-
tion, and can lead to misinterpretation of symptoms if the 
physician and surgeon do not consider esophageal disorders 
in the differential diagnosis. Careful consideration of benign 
esophageal disorders in the diagnosis and management of 
these symptoms will improve patient quality of life through 
earlier intervention for relief of symptoms and prevent sub-
sequent complications, including aspiration pneumonia and 
severe malnutrition.
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Abstract Mediastinal masses present throughout the 
decades of life but certainly occur with relative frequency in 
the older population. Furthermore, with the increasing 
 frequency of obtaining pulmonary embolism chest CT scans, 
there are more incidentally discovered mediastinal abnor-
malities that require investigation. Relatively common 
 conditions encountered include substernal and intrathoracic 
goiters, anterior mediastinal masses suspicious for lym-
phoma, mediastinal lymphadenopathy, thymomas, and 
 posterior mediastinal neurogenic tumors. Mediastinal cysts-
pericardial, bronchogenic, and esophageal duplication are all 
uncommon in the elderly, rarely require any treatment in the 
elderly population and so will not be discussed.

Keywords Substernal goiter • Anterior mediastinal mass  
• Lymphoma • Thymoma • Posterior mediastinal neurogenic 
tumor

Mediastinal masses present throughout the decades of life 
but certainly occur with relative frequency in the older popu-
lation. Furthermore, with the increasing frequency of obtain-
ing pulmonary embolism chest CT scans, there are more 
incidentally discovered mediastinal abnormalities that 
require investigation. Relatively common conditions encoun-
tered include substernal and intrathoracic goiters, anterior 
mediastinal masses suspicious for lymphoma, mediastinal 
lymphadenopathy, thymomas, and posterior mediastinal 
neurogenic tumors. Mediastinal cysts-pericardial, broncho-
genic and esophageal duplication are all uncommon in the 
elderly, rarely require any treatment in the elderly population 
and so will not be discussed.

Thymoma and Thymic Carcinoma

Thymomas represent the most common mediastinal  neoplasm 
as well as the most common anterior mediastinal compart-
ment neoplasm, constituting about 20 and 50% of all medi-
astinal and anterior compartment tumors occurring in the 
adult population, respectively. The overall incidence of thy-
moma is rare, however; with 0.15 cases/100,000, based upon 
data from the National Cancer Institute Surveillance, 
Epidemiology and End Results Program [1]. Thymoma is an 
epithelial tumor generally considered to have an indolent 
growth pattern but malignant nonetheless because of poten-
tial for local invasion, pleural dissemination, and even sys-
temic metastases. Most patients are between the ages of 40 
and 60 years at the time of diagnosis with an equal gender 
distribution. There is a sizable proportion of thymoma 
patients over the age of 70, however, 22% in our series. 
Approximately one-third of patients with localized disease at 
presentation are symptomatic, most commonly reporting 
cough or vague chest discomfort. With increasing use of rou-
tine CT screening, one would anticipate that a higher per-
centage of patients will present with asymptomatic disease. 
Patients demonstrating either locally advanced or dissemi-
nated thymoma at the time of presentation are usually symp-
tomatic with significant chest pain, shortness of breath from 
lung involvement, phrenic nerve paralysis, pleural effusions, 
and/or SVC syndrome.

Of unique interest, several immune disorders have been 
associated with thymoma. Myasthenia gravis is the most 
 common autoimmune disease associated with thymoma. 
Approximately 30–65% of patients with thymoma have been 
diagnosed with myasthenia gravis in reported series [2, 3]. 
Conversely only 10–15% of patients with myasthenia gravis 
will have a thymoma. Patients with thymoma-associated myas-
thenia gravis can produce autoantibodies to a variety of neuro-
muscular antigens, particularly the acetylcholine receptor and 
titin, a striated muscle antigen [4, 5]. Up to 28% of thymoma 
patients will present with an immune disorder other than myas-
thenia gravis, the most common include pure red cell aplasia, 
lupus erythematosus, and hypogammaglobulinemia [2, 3].

C.D. Wright (*) 
Department of Thoracic Surgery, Massachusetts General Hospital,  
32 Fruit Street, Blake 1570, Boston, MA 02114-2698, USA 
e-mail: wright.cameron@mgh.harvard.edu

Chapter 47
Surgery for Mediastinal Disease in the Elderly

Cameron D. Wright 



570 C.D. Wright

Diagnosis

Patients presenting with the commonly associated diseases 
such as myasthenia gravis, red blood cell aplasia, or hypog-
ammaglobulinemia should prompt investigation with a 
screening chest CT scan to rule out the presence of an asymp-
tomatic thymoma. Conversely, symptoms which may be 
consistent with myasthenia gravis such as easy fatigability, 
muscular weakness, diploplia, ptosis, and dysarthria, should 
be elicited from any patient presenting with a mass in the 
anterior mediastinal compartment. Neurologic consultation 
should be considered if there is suspicion of myasthenia par-
ticularly for any patient being evaluated for diagnostic and/or 
therapeutic surgical intervention as severe respiratory mor-
bidity can be minimized with appropriate perioperative man-
agement [6–8].

Chest CT scanning with intravenous contrast is the radio-
graphic examination of choice for evaluation of all mediasti-
nal masses in the anterior compartment (Figs. 47.1 and 47.2). 
CT not only precisely defines size, density characteristics, 
and relationship to surrounding intrathoracic organs such as 
the great vessels, lungs, pericardium, and heart but also 
defines the presence of pleural parietal pleural deposits or 
so-called “droplet metastases” most frequently found in the 
posterior basilar pleural space and diaphragm. As this ten-
dency to metastasize in the posterior basilar pleural space is 
rather unique to thymomas, the radiographic presence of 
both an anterior compartment mass and “droplet” metastases 
is highly suggestive of the diagnosis. The edge characteris-
tics of the mass should be carefully studied to look for evi-
dence of invasion. Abutment to important structures should 
be noted and can help plan surgery to enhance the likelihood 

of a complete resection. The internal architecture of the mass 
should be noted as calcification, hemorrhage, and necrosis 
are often associated with a more aggressive tumor. CT/PET 
scans are often used for locally advanced cases and it appears 
that B3 and thymic carcinomas are quite PET avid [9]. The 
position of the diaphragm should be noted and if there is any 
question as to whether the diaphragm is paralyzed a sniff test 
should be performed.

In general, the differential diagnoses of patients present-
ing with a mass in the anterior mediastinal compartment are 
typically initially guided by patient’s age, gender, associated 
symptoms, and CT appearance. Malignant germ cell tumors 
occur primarily in young adult males and can essentially be 
ruled out by measuring the serum tumor marker levels of 
alpha fetoprotein and the beta subunit of human chorionic 
gonadotropin [10]. Thyroid lesions involving the anterior 
mediastinal compartment are readily identified on CT scan 
as contiguous with the thyroid gland. The two main differen-
tial diagnoses of most anterior compartment masses are 
therefore lymphoma and thymoma. In general, thymoma 
patients are older as compared to patients presenting with 
lymphoma originating in the anterior mediastinal compart-
ment. Constitutional symptoms such as night sweats, fever, 
weight loss, and malaise are more consistent with lympho-
mas. Physical examination including careful palpation of 
lymph bearing areas such as the neck, axillae, and groins for 
adenopathy amenable to excisional biopsy, which might 
establish a diagnosis of lymphoma, is indicated. Anterior 
mediastinal masses that are associated with surrounding 
lymphadenopathy are usually lymphomas and should be 
biopsied rather than excised for diagnosis. A small anterior 
mediastinal compartment mass in a patient with a history of 
an associated immune disorder has a high probability of rep-
resenting a thymoma. In general, we believe that wide  surgical 

Fig. 47.1 CT scan of a patient with an encapsulated Masaoka stage I 
thymoma

Fig. 47.2 CT scan of a patient with an invasive Masaoka stage III 
thymoma
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excision including en-bloc thymectomy without biopsy is 
justified for both diagnostic and likely therapeutic purposes 
in patients with small anterior mediastinal masses that are 
clinically thought to be thymomas.

Following initial clinical and CT scan evaluation, biopsy 
of the anterior compartment mass may be indicated when 
lymphoma is suspected or a locally advanced thymoma is 
suspected. The least invasive technique is CT-guided FNA. 
Cytokeratin staining is a useful diagnostic marker for epithe-
lial type cells in this regard [11]. It must be emphasized, 
however, that cytology not only lacks sensitivity but also can 
be misleading with respect to differentiating thymomas and 
lymphomas [12]. Moreover, a substantial tissue sample for 
genetic marker studies including flow cytometry is consid-
ered optimal prior to treatment for lymphoma. Accordingly, 
we have become less reliant on CT-guided FNA cytology for 
diagnosis. In our experience, CT-guided core needle biopsy 
can usually be safely performed for most larger masses in the 
anterior compartment particularly if a large bore needle can 
be passed into the mass without traversing lung parenchyma. 
Core needle biopsies allow histologic examination of the 
tumor and immunohistochemical stains can be performed to 
allow accurate diagnosis. If core needle biopsy is not possi-
ble or is non-diagnostic, then two surgical options exist for 
further diagnostic evaluation. For larger and/or invasive 
masses, we consider anterior mediastinotomy (Chamberlain 
procedure) the next diagnostic procedure of choice. The 
Chamberlain procedure may be performed on either side and 
at any level which best provides the access to any given ante-
rior mediastinal tumor. Video-assisted thoracic surgery 
(VATS) does provide excellent exposure to the anterior com-
partment for biopsy purposes using minimally invasive tech-
nology; however, the pleural space is traversed and if 
thymoma is a diagnostic possibility, pleural space seeding 
could theoretically occur during VATS biopsy efforts. VATS 
is very helpful to document pleural disease and obtain a 
biopsy when patients present with apparent pleural metasta-
ses. For small solid masses identified in the anterior medi-
astinal compartment not amenable to core needle biopsy, 
several diagnostic options exist. Although open Chamberlain 
or VATS biopsy could be performed, in otherwise healthy 
patients, we would advocate complete surgical excision 
including total thymectomy as a reasonable approach for 
both diagnostic and therapeutic purposes.

Pathology

Many histological classifications have been described for 
thymoma and thymic neoplasms in general. Rosai and Levine 
in 1976 suggested “the definition of thymoma should be 
restricted to neoplasms of the thymic epithelial cells,  regardless 

of the presence or absence of a lymphoid component or the 
abundance of the latter.” Bernatz proposed the first widely 
used histologic thymoma classification scheme with the fol-
lowing types: predominantly lymphocytic, predominantly 
epithelial, predominantly mixed, and predominantly spindle 
cell type lymphoma. This classification system did not sepa-
rate the various histologic types into prognostically relevant 
groups. Levine and Rosai in 1978 proposed a more clinically 
useful classification system. Benign (noninvasive) thymo-
mas were distinguished from malignant (invasive)  thymomas. 
Malignant thymomas were subdivided into Type I (no or 
minimal atypia) and Type II (moderate to marked atypia). 
Type II thymomas were considered thymic carcinomas. This 
classification system was clinicopathologic since both inva-
sion and the degree of cellular atypia were taken into consid-
eration. Muller-Hermelink and colleagues described a 
histogenetic classification in 1985. They classified thymo-
mas into medullary and cortical types that reflected the archi-
tecture of the normal thymus. This system was of prognostic 
value but its use was not widespread. More recently, the 
World Health Organization (WHO) reached a consensus on 
histologic classification based on both morphology and lym-
phocyte to epithelial cell ratio using letters and numbers in 
1999 and was updated in 2003 [13]. In the WHO system, 
there are two types of thymomas based on the shape of the 
neoplastic cell – Type A (spindle or oval) and Type B (den-
dritic or epithelioid) (Table 47.1). Type B thymomas are sub-
divided on the basis of the proportional increase (in relation 
to the number of lymphocytes) in thymocytes and cellular 
atypia. B1 thymomas are richest in lymphocytes and B3 thy-
momas have atypia and sparse lymphocytes. Thymomas that 
have a combination of Type A and B1 features are termed 
Type AB. Thymic carcinomas (Type C) are named according 
to their differentiation (squamous cell, neuroendocrine, 
mucoepidermoid, basaloid, lymphoepithelioma like, sarco-
matoid, clear cell, papillary). Type A thymomas have the 
best prognosis and are usually low stage (Table 47.2). Type 
B thymomas may recur and are typically higher stage. The 
WHO classification system is an independent prognostic 
 factor after resection.

Table 47.1 WHO classification of thymomas

WHO type Traditional nomenclature

Type A Medullary, spindle cell
Type AB Mixed
Type B1 Organoid, predominately cortical, lympho-

cyte predominant
Type B2 Cortical
Type B3 Well-differentiated thymic carcinoma, 

epithelial predominant, squamoid
Type C Thymic carcinoma
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Staging

In 1981, Masaoka initially proposed an anatomic classifica-
tion based on the presence or absence of gross or microscopic 
invasion of the capsule and surrounding structures as well as 
the presence or absence of metastases [14]. This classification 
was subsequently revised in 1994 (Table 47.3) [15]. Several 
studies have attempted to correlate morphologic staging sys-
tems with tumor invasion and prognosis [16, 17]. It appears 
that medullary (WHO A) and mixed histology (WHO AB) 
tumors are typically not invasive and therefore usually corre-
spond to Masaoka stages I and II. Conversely, cortical (WHO 
B1, 2, or 3) thymomas are more invasive and occur more com-
monly as stage III and IV lesions. The Masaoka staging sys-
tem remains the most widely accepted staging system upon 
which current management recommendations are based 
(Table 47.4). However, most modern surgical series demon-
strate no difference in survival between stage I and II thymo-
mas despite evidence of capsular invasion. Hence although 
there is a pathologic distinction between stage I and II thymo-
mas, there is little clinical difference after complete resection.

Early Stage Thymoma

Although it is typically difficult, if not impossible, to differ-
entiate Masaoka stages I and II by CT imaging, complete 
surgical resection is recommended for both stages making 
preoperative differentiation irrelevant. The basic tenets of 
surgery include complete en-bloc resection of the tumor and 
complete thymectomy with removal of the upper cervical 
poles and all surrounding mediastinal fat, and avoidance of 
phrenic nerve injury or intrapleural spread [18]. A median 
sternotomy approach provides excellent access to the ante-
rior mediastinum for total thymectomy and en-bloc removal 
of adjacent structures which are found to be involved during 
mediastinal exploration. The operation should be conducted 
with the goal of achieving a complete resection with en-bloc 
removal of all surrounding structures that are readily remov-
able. Certainly surrounding mediastinal fat and pleura can be 
removed with no ill effects and enhance the chance of achiev-
ing a negative microscopic margin. Capsular invasion can be 
subtle and not detectable by the surgeon; hence the tumor 
should not be shelled out but should be removed with 
 surrounding tissue intact. Attention should be paid to the 
preoperative CT scan with regard to abutment of the tumor to 
the underlying pericardium. If there is a fat plane between 
the two, then simple removal of the tumor and surrounding 
fat is reasonable. If there is no fat plane between the tumor 
and pericardium, then either the underlying pericardium 
should be resected en-bloc (preferable) or if not the area on 
the tumor should be marked and a frozen section performed 
to make sure the capsule is not invaded in this area. If the 
tumor projects into a pleural space and the mediastinal pleura 
provides the only covering of the tumor, the possibility of 
pleural metastases is present. In that case, the entire pleural 
space (parietal and visceral pleura) should be explored to 
search for small droplet metastases. If present, they should 
be resected. With the advent of minimally invasive thoracic 
surgical techniques, it is not surprising many reports have 
recently appeared regarding the feasibility of excising rela-
tively smaller and contained anterior mediastinal tumors, 
including early stage thymomas, using VATS technology 
[19–22]. Capsular invasion, however, often can be subtle. 
With not only the completeness of resection but the avoid-
ance of pleural seeding being of prime importance, careful 
long-term follow-up is necessary to demonstrate if these 
minimally invasive techniques will result in cure rates com-
parable to standard open surgical approaches.

Excellent long-term survival is anticipated following com-
plete surgical excision for a pathologic stage I thymoma and 
there appears to be no benefit of adjuvant radiation therapy 
following resection of encapsulated noninvasive tumors. For 
stage II thymomas, with capsular invasion pathologically dem-
onstrated, adjuvant radiotherapy following complete surgical 

Table 47.2 WHO classification of thymomas and the relationship of 
histologic type with invasion, stage, recurrence, and survival (n = 273)

WHO type A AB B1 B2 B3

Invasive (%) 11 42 47 69 85
Complete resection (%) 100 99 95 91 92
Average stage 1.2 1.5 1.7 2.3 2.5
Recurrence (%) 0 5 9 18 29
20-Year survival (%) 100 87 91 59 36
Source: Data from Okumura et al. [13]

Table 47.3 Modified Masaoka clinical staging of thymoma

Masaoka stage Diagnostic criteria

Stage I Macroscopically and microscopically completely 
encapsulated

Stage II A. Microscopic transcapsular invasion
B. Macroscopic invasion into surrounding fatty 

tissue or grossly adherent to but not through 
mediastinal pleura or pericardium

Stage III Macroscopic invasion into neighboring organs 
(i.e., pericardium, great vessels, lung)

A. Without invasion of great vessels
B. With invasion of great vessels

Stage IV A. Pleural or pericardial dissemination
B. Lymphogenous or hematogenous metastasis

Table 47.4 Influence of Masaoka stage on complete resection, recurrence, 
and survival (n = 1,320)

Masaoka stage I II III IVA

Complete resection (%) 100 100 85 42
Recurrence (%)   1   4 28 34
5-Year survival (%) 100  98 89 71
Source: Data from Kondo and Monden [29]
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excision has previously been considered the  standard of care 
despite the lack of prospective clinical trials [23–25]. More 
recent retrospective studies have found no outcome difference 
in patients treated with or without postoperative radiotherapy 
following complete resection of stage II  thymoma [26–30]. 
Furthermore, the most common mode of failure in modern 
series is a pleural recurrence (not mediastinal) which would 
not be prevented by adjuvant mediastinal radiation. To avoid 
the potential morbidity and costs associated with thoracic radi-
ation, we currently reserve postoperative radiotherapy for 
stage II patients where adjacent organs are within a millimeter 
or so of the surgical margin as determined by both pathologic 
and intraoperative findings and the surgeon is concerned about 
a local recurrence at that margin. The WHO histology should 
be taken into account in making that determination, for exam-
ple, we would not recommend radiation for a close margin in 
an A type tumor but we would for a B3 tumor.

Operable or Potentially Operable Locally 
Advanced Thymoma

Similar to the difficulty encountered in clinically differenti-
ating stage I from II thymomas by CT imaging, it is not infre-
quently difficult to identify invasion of adjacent organs 
establishing a diagnosis of stage III prior to treatment. 
Certainly subtle invasion of the adjacent organs such as 
underlying pericardium or adjacent lung may only be identi-
fied at the time of mediastinal exploration. Proceeding with 
surgical resection when the CT demonstrates clean margins 
between the tumor and surrounding structures is recom-
mended in these cases. Invasion of local organs can be appar-
ent on pretreatment CT imaging and lead to the preoperative 
diagnosis of stage III disease. Larger masses (>8–10 cm), 
which do not obviously demonstrate frank invasion on CT, 
are likely to at least be adherent to adjacent organs and there-
fore also tend to be treated as stage III patients. We believe 
that patients presenting with or suspected of having poten-
tially operable stage III disease are best treated with induc-
tion therapy followed by repeat CT imaging for reassessment 
and consideration of surgical therapy [31]. Several studies 
suggest improved survival when induction therapy is used 
compared to contemporary or historic controls. Unlike early 
stage disease where establishing a preoperative histologic 
diagnosis of thymoma is not mandatory, either CT-guided 
core needle or surgical biopsy is necessary prior to consider-
ing induction therapy. Most invasive thymomas have been 
found to be relatively sensitive to cisplatin-based combina-
tion chemotherapy regimens. The combination of cisplatin, 
doxorubicin, and cyclophosphamide (PAC) with or without 
prednisone, the combination of cisplatin, doxorubicin, vincris-
tine, and cyclophosphamide (ADOC), and the combination 

of cisplatin, etoposide, and epirubicin have reported  objective 
response rates from 77 to 100% with subsequent resectabil-
ity rates ranging between 36 and 69% [31–37].

Kim et al. from the MD Anderson Hospital reported an 
update of a previously reported series with long-term follow-
up in patients deemed unresectable at the time of presentation 
who underwent aggressive chemotherapy with the PAC regi-
men [35, 36]. Ultimately 21 patients underwent surgical resec-
tion followed by postoperative radiation and chemotherapy 
with an impressive 77% 7-year disease-free survival. Berruti 
et al. [33] reported on 16 patients with stage III and IVA thy-
momas who received the ADOC combination chemotherapy 
regimen [33]. Nine of these patients ultimately underwent sur-
gical resection with a median survival of nearly 4 years. Venuta 
and colleagues reported 15 stage III patients that were clini-
cally judged to be unresectable who underwent induction che-
motherapy with either PAC or cisplatin, etoposide, and 
epirubicin [38]. Thirteen patients had a complete resection. 
Ten-year survival was 90% with induction therapy versus 71% 
in patients who had surgery first. Lucchi and colleagues 
reported 36 patients with locally advanced thymoma who had 
induction therapy followed by surgery and adjuvant radiation 
[39]. The induction chemotherapy was cisplatin, etoposide, 
and epirubicin. Complete resections were performed in 28 
patients. The 5-year survival was 78% in the induction patients 
versus 48% in those who had surgery first. Most neoadjuvant 
treatment strategies commonly reserve radiotherapy for thy-
momas which remain unresectable following cisplatin-based 
chemotherapeutic regimens or use it as an adjuvant after resec-
tion. Some institutions, however, have used preoperative radi-
ation therapy without chemotherapy particularly if great 
vessels are involved with excellent results reported as well 
[40, 41]. Our own center utilizes a strategy of concurrent 
chemoradiotherapy for locally advanced thymomas since both 
modalities offer potential benefit [42]. We use cisplatin and 
etoposide along with 45 Gy of radiation to attempt maximal 
downstaging before resection. This regimen has been well 
studied in lung cancer and is safe to administer. We have 
treated 10 patients with this program over the past 10 years 
with acceptable toxicity and no treatment-related mortality. 
There were 7 stage III and 3 stage IVA patients – the 5 year 
survival was 60% in all patients and 85% in the stage III 
patients. The optimal strategy for neoadjuvant therapy, which 
minimizes operative morbidity and mortality while at the same 
time optimizes resectability rates and ultimately survival, cur-
rently remains unknown.

Post Induction Surgery

A sternotomy approach usually also provides adequate expo-
sure even for large stage III thymomas. However, for tumors 
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which involve one or both pulmonary hilar regions, an  anterior 
thoracotomy with transsternal extension (or  “clamshell”) 
approach may be optimal. Adjacent pleura, pericardium, and 
areas of lung involvement may be removed en-bloc with the 
thymus with little, if any, additional morbidity. Occasionally, 
en-bloc upper pulmonary lobectomy is required with signifi-
cant involvement of the pulmonary parenchyma. In other-
wise healthy patients, unilateral phrenic nerve resection can 
be performed without significant morbidity although consid-
eration should be given to prophylactic diaphragm plication. 
In patients with myasthenia gravis, however, the morbidity 
of phrenic nerve resection would likely be significant. In 
these rare cases, surgical debulking around the phrenic nerve 
and marking the residual perineural tumor with surgical clips 
for accurate targeting of postoperative radiation therapy 
should be considered based upon the pulmonary function 
and performance status of the patient. Similarly, bilateral 
phrenic nerve resection is not recommended because of the 
severe respiratory morbidity which would likely result. 
Surgical debulking around both nerves and residual perineu-
ral tumor marked with surgical clips to target postoperative 
radiation therapy would also be recommended in these 
unusual cases. Unilateral innominate vein sacrifice will cause 
little long-term morbidity. However, if nominate veins and/
or the superior vena cava require removal due to tumor 
involvement, reconstruction of at least one innominate vein 
is recommended to reduce morbidity. Yagi et al. [40] reported 
excellent long-term survival after extended resections for 
thymoma including 12 patients who required resection of a 
great vein with 5- and 10-year survival rates of 77 and 59%, 
respectively. Although rare, consideration should be given to 
resection of the innominate artery or aorta with prosthetic 
vascular reconstruction where there is limited involvement 
of the great arteries and complete surgical extirpation of the 
disease will otherwise be accomplished [41]. Okumura 
reviewed an institutional series of 194 patients, 56 of which 
were treated for stage III disease and reported excellent 
10-year survival rates of 70–97% dependant on the presence 
of great vessel involvement [43]. Other single-institution 
experiences have similarly cited excellent long-term survival 
in select stage III patients amenable to surgical therapy [44].

Prognosis

The operative morbidity and mortality is low for otherwise 
healthy patients even following extensive resections. 
Premorbid conditions such as myasthenia gravis and other 
autoimmune and immunodeficient states may adversely 
affect the outcome of surgery. Operative morbidity, particu-
larly respiratory morbidity, in patients with myasthenia gravis 
can approach the low risk of patients without myasthenia in 

centers which frequently treat these patients. Aggressive use 
of preoperative plasmapheresis and immunoglobulin therapy 
can minimize perioperative weakness even in severe cases of 
myasthenia. It has previously been reported that the presence 
of a thymoma is associated with poor remission of myasthe-
nia gravis after thymectomy [45, 46]. However, de Perrot 
et al. [47] found that myasthenia gravis patients with thy-
moma were significantly older and demonstrated a male pre-
dominance. After adjusting for age and gender, these authors 
speculated that there was no difference in myasthenia gravis 
remission rates after thymectomy. Previous reports have also 
cited myasthenia gravis as a negative prognostic factor for 
long-term survival; however, more recent large series have 
not found myasthenia gravis to negatively influence survival 
[48, 49]. Some thymoma patients with pure red cell aplasia 
appear to sustain a remission following surgery; however, 
patients with other associated diseases, such as hypogamma-
globulinemia, typically do not improve [2].

The Masaoka staging system stratifies survival fairly well 
(Fig. 47.3) [14, 15]. In the largest series published to date,  
Kondo and Monden [29] reported on 1,320 patients treated at 
115 centers in Japan with 100 and 98% overall 5-year sur-
vival following complete surgical excision for stages I and II, 
respectively (Table 47.4). Stage III patients experienced an 
88% 5-year survival which included a small subset of patients 
who were either deemed unresectable or underwent less than 
complete surgical resection. Patients presenting in Masoka 
stage IVA had a remarkable 5 year survival of 71%. The 
WHO histologic type of tumor also stratifies survival well 
(Fig. 47.4) and has been found to be an independent predic-
tor of survival in multivariable models [13, 16, 17]. Size is 
also an important prognostic factor and there seems to be a 
threshold at about 8 cm (Fig. 47.5).

Substernal and Intrathoracic Goiters

Goiters are defined as enlargement of the thyroid to twice the 
normal size. Although there are many definitions of what 
constitutes a substernal goiter, a commonly accepted one is 
where more than one-half of the goiter is below the sternal 
notch. The vast majority of these arise in the neck and are 
nourished from the normal cervical vessels. There are very 
rare cases of aberrant mediastinal goiters that have their 
entire blood supply from the chest. Goiters are common in 
those with advanced age. The large majority of substernal 
goiters are benign multinodular goiters.

Symptoms may include a feeling of fullness in the low 
neck, dysphagia, dyspnea, choking spells, cough, stridor, and 
voice change. Signs may include a palpable goiter in the 
neck (accompanying the substernal component), evidence of 
the SVC syndrome and hoarseness.
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The large majority of patients with substernal goiter will 
be eutyroid but their thyroid function tests should be checked 
to be sure. A PA chest radiograph will demonstrate larger 
substernal goiters, with an abnormal antero-superior medi-
astinal silhouette and a narrowed tracheal air column. CT 
scans allow precise anatomic definition of the goiter and its 
relationship to the surrounding mediastinal structures. Fine 
needle aspiration of clinically suspected substernal goiters is 

rarely performed as the diagnosis is so readily apparent from 
the imaging study (Figs. 47.6 and 47.7).

All patients who are reasonably fit and symptomatic 
should undergo operation for removal of a substernal goiter. 
Medical treatment with thyroid suppression or radioactive 
iodine is ineffective. Almost all substernal goiters can be 
removed through a cervical collar incision thus minimizing 
the morbidity of the operation. Some authors have suggested 

Fig. 47.3 Survival after 
resection of a thymoma 
according to Masaoka stage 
(reprinted from Wright CD [42] 
with permission)

Fig. 47.4 Survival after 
resection of a thymoma 
according to World Health 
Organization (WHO) histology 
(reprinted from Wright CD [42] 
with permission)
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the presence of a substernal goiter, even without symptoms, 
requires an operation to prevent possible future airway 
obstruction. While that opinion might be reasonable for a 
50-year-old patient, I think it is too aggressive for an 80-year-
old patient. There is little evidence that substernal goiters 
cannot be observed and operated upon if they become symp-
tomatic. Multiple series have been reported that document 
very low morbidity and mortality [50, 51]. Multiple series 
also document that a sternal approach is only need in about 
2% of patients and tracheomalacia is a rare problem after 
removal of a substernal goiter [51].

Mediastinal Lymphoma

Mediastinal lymphomas are relatively more common in 
younger patients but still occur with some frequency in the 
older population. Non-Hodgkin’s lymphomas (NHL) are 
more common in the elderly than Hodkin’s lymphomas. 
Hodgkin’s lymphoma has a bimodal distribution with peaks 
in the young (15–34) and in older patients (>55) [52]. Primary 
mediastinal B-cell lymphoma (PMBL) is the most common 
NHL involving the mediastinum. PMBL has a slight age 
preference for patients around the age of 30, but does occur 
in those of advanced age [53].

Fig. 47.5 Survival after 
resection of a thymoma 
according to size (reprinted from  
Wright CD [42] with permission)

Fig. 47.6 CT scan demonstrating a large right side combined cervical 
and substernal goiter with tracheal compression. This was successfully 
removed through a neck incision

Fig. 47.7 CT scan of another patient with a bilateral substernal goiter



57747 Surgery for Mediastinal Disease in the Elderly

Patients may present with constitutional symptoms such 
as fatigue, weight loss, pruritus, fevers, and/or night sweats. 
The classic “B” symptoms of lymphomas are weight loss, 
fevers, and night sweats. Mediastinal lymphomas often pres-
ent with symptoms related to bulky nodal tissue in the chest 
compressing or invading adjacent structures. Symptoms may 
include cough, dyspnea, hoarseness, chest pain, and the SVC 
syndrome. A CT scan will easily demonstrate a mass with 
surrounding lymphadenapathy which is suspicious for a 
lymphoma (Fig. 47.8). The thoracic surgeon’s job is to pro-
vide enough tissue for a full diagnosis. Almost always 
enough tissue is needed not only for the standard H and E 
slides but also for immunophenotyping, cytogenetics and 
molecular assays. Hence a FNA or a core needle biopsy sel-
dom provides enough tissue for an adequate diagnosis. 
Mediastinoscopy and anterior mediastinotomy are the two 
common routes for biopsy of suspected mediastinal lym-
phoma. Patients are then staged by PET/CT. Most patients 
are now treated with chemotherapy with radiation used for 
consolidation only.

Posterior Mediastinal Neurogenic Tumors

Adult neurogenic tumors are almost always either a neurile-
moma (Schwannoma) or a neurofibroma. Essentially all 
(99%) are benign [54]. Rarely neurofibromas in patients with 
von Recklinghausen’s disease turn malignant. Almost all of 
these encapsulated tumors are asymptomatic and are thus 
found only incidentally. While they may rarely be found in 
association with an intercostal nerve, the vagus nerve, or the 
phrenic nerve, most are found in the paravertebral sulcus in 
the posterior mediastinum. CT scans are usually diagnostic 

and show a solitary, well-demarcated rounded mass abutting 
the vertebral column (Fig. 47.9). Occasionally, calcification 
or cystic changes may be seen. MR is useful when there is a 
suggestion of widening of the intervertebral foramen to look 
for the so-called “dumbbell” tumor with extension into the 
spinal canal. Needle biopsy is rarely needed as the CT is so 
characteristic. Symptomatic tumors should be removed. It is 
hard to recommend removal of these tumors in the elderly 
since it is likely they have been present for decades and it is 
hard to make asymptomatic patients better.
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Abstract Pleural diseases in the elderly are a heteroge-
neous group of processes that take place in the pleural space, 
ranging from life-threatening to innocuous. This review 
focuses on the surgical management of pneumothoraces in 
compromised patients, parapneumonic effusions and empy-
emas, malignant effusions, and mesothelioma.

Keywords Pneumothorax • Empyema • Mesothelioma  
• Malignant effusion

Introduction

Pleural disease encompasses a wide spectrum of pathologies 
with varying etiologies, consequences, and urgency. In the 
elderly, the presence of minor pleural abnormalities in chest 
X-rays (CXR) may seem almost ubiquitous. However, the 
possibility of a serious underlying pathology cannot be dis-
missed. Although the risk/benefit ratio for many interventions 
changes substantially in the aged population, there still exist 
many situations where surgical intervention is necessary.

Air: Pneumothorax

Classification and causes of pneumothorax are shown in 
Table 48.1. Acquired (traumatic) pneumothoraces are dealt 
with elsewhere in this volume. In younger patients the most 
common cause of spontaneous pneumothorax is idiopathic. 
In the elderly however, primary spontaneous pneumothorax 
is exceedingly rare. Secondary spontaneous pneumothorax 
represents a substantial therapeutic challenge to clinicians, 
and often requires involvement of surgeons in the decision 
making and management process.

The incidence of secondary spontaneous pneumothorax 
in the chronic obstructive pulmonary disease (COPD) patient 
population has been estimated at 26 cases per 100,000 per 
year [1]. Patients with more severe COPD tend to develop 
pneumothoraces more frequently [2]. In general these 
patients, regardless of age, are in poor health and physiologi-
cally can be considered to be elderly. They have very poor 
cardio-pulmonary reserve and will not tolerate even minimal 
loss of respiratory capacity for any length of time rendering 
these situations emergent in nature. The primary goal of ther-
apy is resolution of the pneumothorax with apposition of the 
visceral and parietal pleural layers. A secondary goal is pre-
vention of recurrence. Management options for this group of 
patients range from simple needle aspiration of the pleural 
space, to thoracotomy with bullectomy, and some form of 
pleurodesis.

Guidelines for management have been published by the 
British Thoracic Society (BTS) and the American College of 
Chest Physicians (ACCP) [3, 4]. The BTS recommends aspi-
ration as a first intervention with tube thoracostomy as a sec-
ond step. Pleurodesis is only recommended for patients with 
unresolved air leaks or recurrence. The ACCP guidelines are 
more proactive, and recommend initial management with 
tube thoracostomy and subsequent intervention to prevent 
recurrence.

The likelihood of recurrence in COPD patients with a first 
pneumothorax has been reported at 44–47% [2, 5]. The high 
recurrence rate and the poor reserve of these patients sug-
gests an aggressive approach is warranted. Interventions to 
prevent recurrence range from bedside chemical pleurodesis 
through a chest tube, to VATS or thoracotomy (axillary) for 
pleurodesis, pleurectomy, and possibly bullectomy.

Our belief is that VATS is the preferred approach as it 
offers excellent visualization of the pleural space and paren-
chyma and enables wedge resections, chemical or mechani-
cal pleurodesis, as well as pleurectomy. Preoperative imaging 
can be helpful to highlight particularly bullous areas. 
Intraoperatively, any leaking bullae should be resected if fea-
sible. Use of buttressed staples in poor lung parenchyma 
should help to prevent prolonged air-leaks [6]. There may 
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also be a role for lung sealants, although this has not been 
well studied. We reserve the instillation of sclerosing agents 
through thoracostomy tubes for patients who are exceedingly 
poor operative candidates.

Figures 48.1a and b show preoperative CT images of a 
76-year-old male COPD patient with a recurrent and persistent 
pneumothorax transferred with a thoracostomy tube in-situ. 
He underwent VATS bullectomy, pleurectomy, and talc pleu-

rodesis with good results. Figure 48.1c shows his CXR on 
postoperative day four after removal of his drain tubes.

Management of pneumothoraces secondary to malignancy 
is also more common in elderly patients than in the younger 
population. An individual approach taking into consideration 
the patient’s prognosis from the underlying disease and their 
operative risks is advocated.

Fluid: Pleural Effusions

Classification and causes of pleural effusions are listed in 
Table 48.2. The pleural space continuously produces and 
absorbs fluid with daily transit estimated between 1 and 2 L 
despite there being only 5 mL in each hemithorax at any one 
time [7]. Any disruption in the absorption channels of the 
pleura, or any excess production secondary to changes in 
osmotic or hydrostatic pressure gradients can result in an 
effusion. Effusions of varying magnitude and the resulting 
complications often present in elderly patients, particularly 
in those with multiple comorbidities. The first principles of 

Table 48.1 Classification of pneumothorax

Spontaneous
Primary
Secondary

Chronic obstructive pulmonary disease (COPD)
Malignant – including NSCLC, sarcomas
Infectious – including abscesses, TB
Miscellaneous – including sarcoidosis, CF

Acquired
Iatrogenic
Traumatic

Blunt
Penetrating

Fig. 48.1 (a) Secondary spontaneous pneumothorax – CT Coronal; (b) secondary spontaneous pneumothorax – CT axial; (c) secondary spontane-
ous pneumothorax – CXR POD 3 following VATS bullectomy, pleurectomy, and pleurodesis
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management include biochemical analysis via aspiration to 
ascertain if the fluid is transudative or exudative. Surgery is 
generally not warranted in the management of transudative 
effusions. In the elderly, surgeons will most commonly be 
involved in the management of infectious collections (parap-
neumonic effusions or empyemas) and malignant effusions.

Pleural Space Infections

Pleural effusions may accompany over 50% of pneumonias, 
the majority of which are sterile and are referred to as simple 
parapneumonic effusions that resolve with antibiotics alone [8]. 
Occasionally these simple effusions progress secondary to 
bacterial contamination of the pleural space and subsequent 
fibrin deposition. These complex parapneumonic effusions are 
more common in the elderly and often require surgical inter-
vention [9]. Risk factors for development of complex parap-
neumonic effusions include diabetes, rheumatoid arthritis, and 
gastroesophageal reflux [10, 11].

Surgeons are generally involved after the diagnosis is 
made. In addition to adequate antibiotic therapy and mainte-
nance of nutritional status, the goals of surgery in the elderly 
remain the same, evacuation of infected material and the 
obliteration of any remaining pleural space. Imaging plays 
an important role in the choice of intervention. Nonloculated 
lateral or anterior collections can often be treated with tube 
thoracostomy alone with good results. The size of the drain-
age tube may be influenced by the nature of the fluid with 
smaller diameter tubes appropriate for thin effusions, and 
larger bore tubes placed for frankly purulent collections. 
Collections that are posterior, particularly in the costo-dia-
phragmatic recess (Fig. 48.2), are difficult to drain percuta-
neously due to the narrow intercostal spaces and consideration 
of more invasive surgical procedures should be entertained.

Patients with frank empyema or complex multiloculated 
collections should have some form of open drainage particu-
larly if they remain septic after tube thoracostomy. In patients 
with acceptable anesthetic risk, some form of decortication 
(VATS or thoracotomy) is the preferred therapy [12–19]. 

Figure 48.3a–c show a complex loculated effusion in an 
83-year-old female with sputum and blood cultures positive 
for Pseudomonas aeruginosa. She underwent VATS decorti-
cation with rapid improvement. A CXR on postoperative day 
3 is shown in Fig. 48.3d with resolution of the infection and 
re-expansion of the lung. We have found VATS procedures 
particularly helpful in managing elderly patients. In a 4-year 
period (09/2005 – 09/2009), at one of our institutions (NA) we 
have performed 75 decortications (72 VATS and 3 Open) in 
patients over the age of seventy for various indications includ-
ing empyema, retained hemothorax following cardiac surgery 
or blunt trauma, and mesothelioma (palliative). There was one 
death for an operative mortality of 1.3% (unpublished data).

Some older patients do have prohibitive anesthetic risks 
which require other strategies. Trials of fibrinolytic therapy 
through drain tubes can be considered in this cohort of patients 
[8]. A number of studies using urokinase and streptokinase have 
been published suggesting they are safe, but the randomized 
trials have been underpowered to detect effects on mortality or 
any decrease in the need for further surgery [20–22]. Another 
strategy is to employ the old technique of rib resection and drain-
age under local anesthesia, with placement and gradual with-
drawal over a number of weeks of an empyema tube [12, 23]. 
This method has some merit in those patients deemed too 
unwell for general anesthesia keeping in mind the time honored 
thoracic surgical dictum, “No space, no problem.”

Malignant Pleural Effusions

Malignant pleural effusions cause considerable distress to 
elderly oncology patients and are occasionally the first pre-
sentation of malignancy. More than 75% of malignant effu-
sions are caused by carcinomas of the lung, breast or ovary, 
and lymphomas with adenocarcinoma the most common his-
tological subtype overall [24–29]. The median survival for 
all-comers is only 4 months after presentation. Palliation of 

Table 48.2 Classification of pleural effusions

Transudate
Congestive heart failure
Renal or hepatic failure

Exudate
Benign

Infectious
Transudate
Congestive heart failure
Miscellaneous – including collagen vascular diseases, drug induced

Malignant

Fig. 48.2 Posterior empyema – CT
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dyspnea and the enablement of discharge independence are 
the main goals of therapy.

The initial approach generally involves a therapeutic tho-
racentesis. Evaluation of symptom improvement and repeat 
imaging following drainage should guide further therapy. 
Clearly the most important feature is resolution, or at least 
improvement in the patient’s dyspnea. Although drainage of 
effusions should impact on respiratory effort, there are mul-
tiple factors at play in elderly patients with malignancy that 
also need to be considered (Table 48.3) [30].

If there has been improvement in symptoms following 
drainage, repeat imaging should be performed to assess if 
there has been complete, partial or negligible re-expansion of 
the underlying lung. If the lung fails to expand due to under-
lying structural problems (trapped lung or airway obstruc-
tion), then pleurodesis is contraindicated and consideration 
of serial thoracentesis or tunneled indwelling catheters 
should be given (discussed later). The patient’s life expec-
tancy needs to be considered as well, with most experts sug-
gesting that an expected survival of longer than 3 months is 
needed to justify pleurodesis [30].

Methods of Pleurodesis

There are multiple methods of pleurodesis with little stan-
dardization of technique. The two most commonly employed 
methods are instillation of a sclerosing agent through a chest 
catheter or thoracostomy tube, and a thoracoscopic proce-
dure with talc poudrage.

Fig. 48.3 (a) Empyema – CT coronal; (b) empyema – CT axial; (c) empyema – CXR (pre-operative); (d) Empyema – CXR POD 4 following 
VATS decortication

Table 48.3 Causes of dyspnea in patients with malignant pleural 
effusions

Pleural effusion
Lymphangitic cancer
Airway obstruction
Radiation pneumonitis
Chest wall invasion
Direct effects of a tumor mass
Underlying lung disease
Pulmonary vascular disease (e.g., PE)
Cardiac compromise
Pericardial disease
Source: From Heffner [30] with permission from Wiley-Blackwell
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For bedside pleurodesis, the choice of sclerosing agent 
varies, but the most common is talc prepared in a slurry. 
Other common agents that have been employed are doxycy-
cline, bleomycin, and iodoprovidone [31]. Success varies 
with rates reported between 71 and 96% [32]. The main 
advantage of this approach is the avoidance of general anes-
thesia. The main disadvantage relates to the duration of hos-
pital stay which is approximately 7 days, although a number 
of centers use small bore catheters in an outpatient setting.

An alternative approach is to perform VATS for pleurod-
esis. The advantage of VATS is excellent visualization of 
the entire hemithorax, enabling evacuation of loculated fluid 
collections, division of adhesions, mechanical pleurodesis 
and instillation of aerosolized talc. The main disadvantage 
is the requirement of general anesthesia, although some 
centers report on local anesthetic techniques for straightfor-
ward VATS procedures [33]. In terms of efficacy, the evi-
dence does not justify one approach over the other with a 
meta-analysis suggesting a minor advantage for thoracos-
copy, and a randomized control trial suggesting no differ-
ence [34, 35].

The most important factors are operator experience and 
patient selection. If patients have had negative cytology on 
aspiration and require a biopsy, then VATS can be useful. 
Similarly, the ability to manage complex effusions, locula-
tions and perform decortications for some cases of trapped 
lung will favor VATS. In other cases, if the lung fails to re-
expand under positive pressure, ventilation and decortication 
is not feasible or contraindicated, a tunneled indwelling cath-
eter can be placed at the same setting. VATS can be per-
formed safely with reported mortality under 1%, and 
successful pleurodesis reported between 71 and 97%  [35–42]. 
At one of our centers (NA), we have perfomed 86 VATS Talc 
pleurodeses in patients over the age of seventy in a 4-year 
period (09/2005 – 09/2009) with no operative mortality and 
minimal morbidity, with a median length of stay of 4 days 
(unpublished data).

Chronic Drainage with Indwelling Catheters

In patients with trapped lungs or failed pleurodesis, indwell-
ing tunneled catheters can be placed to enable drainage by 
patients, family members, or visiting nurses at home. 
Catheters are generally placed with local anesthesia and con-
nected to vacuum bottles for short periods of time daily or 
less frequently. Numerous reports have documented the 
safety and efficacy of these systems [43–50]. There is also a 
reported incidence of spontaneous pleurodesis with these 
catheters of 40–58% without the instillation of a sclerosing 
agent [44, 47, 49]. The postulated mechanism for this is 
pleural irritation from the catheter itself.

An important aspect of the tunneled catheter approach is 
coordination with outpatient nursing and palliative services. 
The main risks are associated with superficial infections at 
the insertion site and a risk of empyema of 3% [47]. These 
catheters comprise an important component of the armamen-
tarium of the surgeon managing malignant pleural effusions.

Tumors of the Pleura

The most common benign tumor of the pleura is a solitary 
fibrous tumor (SFP). These tumors are generally slow grow-
ing, and are managed surgically by either minimally invasive 
or open techniques. In the elderly, consideration of anesthetic 
risks and mortality risks from competing pathologies as well 
as the expected trajectory of the SFP itself should factor in to 
the decision to operate.

Malignant pleural mesothelioma (MPM) is the most com-
mon primary tumor of the pleura. It arises 30–40 years after 
exposure to asbestos, with a peak age of incidence in the 
sixth decade of life [51]. The role of the surgeon in mesothe-
lioma is not without controversy. Broadly, surgery for meso-
thelioma can be thought to have three potential uses: 
diagnosis, palliation, and part of a curative strategy. Since 
mesothelioma is diagnosed on pleural fluid cytology only 
30–50% of the time, surgeons are often asked to help get tis-
sue [51]. Thoracoscopy or VATS has a diagnostic yield of 
80%, and provides large amounts of tissue for immunohis-
tochemical and electron microscopic studies that are critical 
for the definitive diagnosis [51]. A uniportal approach with 
an incision along the line of a thoracotomy in case further 
surgery is planned or required is advocated. In many indus-
trialized countries there are medico-legal implications with 
potential compensation for patients, hence the importance of 
a firm diagnosis. Furthermore, with recent data showing 
improvement in survival, symptom control, and time to pro-
gression with chemotherapy (pemetrexed and cisplatin), the 
importance of a timely and accurate diagnosis has increased 
[52]. A further advantage of VATS is the ability to perform a 
pleurodesis at the same setting, particularly if the patient will 
not be a candidate for further surgical therapy.

The role of surgery in the palliation of mesothelioma is 
primarily in the control of pleural effusion. The principles 
outlined in the discussion of malignant effusions above are 
germane. In addition, there may be a role for palliative deco-
rtication to relieve dyspnea and facilitate lung expansion for 
pleurodesis.

The role of surgery in potential curative strategies remains 
controversial. At one of our centers (RF), we offer patients 
with resectable disease (T1-3, N0-2, M0) with good perfor-
mance status and adequate organ function trimodality  therapy 
regardless of their age. Neoadjuvant chemotherapy is delivered 
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with surgery reserved for patients who do not have progression 
of disease after chemotherapy. Surgery is either extrapleural 
pneumonectomy (EPP) or pleurectomy/decortication (P/D) 
depending on the burden of disease. Hemithoracic irradiation 
is administered following surgery.

We have previously published results on a cohort of 663 
patients that underwent either EPP or P/D [53]. A greater 
proportion of elderly patients underwent P/D. Patient selec-
tion prior to surgery based on cardiopulmonary function and 
performance status is essential. However, on multivariate 
analysis age demonstrated a hazard ratio of 1, suggesting 
that age plays a minimal role in outcome as long as patients 
are selected properly.

The treatment of MPM in the elderly is subject to the 
same caveats as that for younger patients. Curative treatment 
approaches should be undertaken with multidisciplinary 
teams in high volume centers with specialist expertise, pref-
erably under the auspices of a clinical trial. The role and even 
the extent of surgery in this disease remains undefined for 
patients of all ages. However, age alone should not prevent 
patients from undergoing treatment.
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Abstract Surgery for chest wall disease in the elderly can 
be a challenge. A comprehensive preoperative evaluation 
to determine the risks and benefits prior to proceeding with 
chest wall resection and reconstruction is warranted. A team 
approach of thoracic surgeons, plastic surgeons, critical 
care specialists, and oncologist is necessary to maximize 
the successful outcome with minimal morbidity and mortal-
ity in elderly patients who undergo surgery for chest wall 
diseases.

Keywords Chest wall resection • Muscle flaps • Chest wall 
reconstruction • Soft tissue • Ribs • Sternum

Chest wall reconstruction has been a challenge that surgeons 
have been confronted with much apprehension for over 100 
years. Improvements in surgical technique and anesthesia, 
critical care, antibiotics, and the development and refinement 
in reconstruction techniques have allowed extensive chest 
wall resections to be performed in all patients, even the 
elderly, with acceptable morbidity and mortality.

Chest wall reconstruction techniques were first introduced 
in the 1940s. Watson and James [1] described the use of 
 fascia lata grafts for closure of chest wall defects. Maier 
treated large anterior defects with cutaneous flaps that 
included the remaining breast, while Pickrell et al. advanced 
surgical treatment of recurrent breast carcinoma by resecting 
a portion of chest wall [2, 3]. Bisgard and Swenson [4] were 
the first to use rib grafts as horizontal struts for reconstruc-
tion after sternal resection.

Use of a muscle flap was originally described by Tansini in 
1906 when he used a latissimus dorsi muscle flap for  coverage 
of the anterior chest wall after radical mastectomy, whereas 
Campbell in 1950 first introduced the latissimus dorsi muscle 
as a chest wall reconstruction flap of a full-thickness anterior 
thorax defect when the muscle was  covered immediately with 
a split-thickness skin graft (STSG) [5, 6]. Kiricuta [7] from 

Rumania was the first to describe  transposition of the great 
omentum for reconstruction of chest wall defects.

These methods of soft tissue reconstruction went unno-
ticed for nearly 20 years, until interest in muscle transposi-
tion was revived. Muscle and musculocutaneous flaps of the 
latissimus dorsi, pectoralis major, serratus anterior, rectus 
abdominis, and external oblique muscles are now used 
 frequently. The clarification of the functional anatomy and 
blood supply of these muscles have resulted in more aggres-
sive resections in the treatment of chest wall tumors and in 
the surgical amelioration of the ravages of radiation therapy; 
the latter being common in older patients. Reports by 
McCormack and Larson and their colleagues, as well as by 
Arnold and Pairolero, and by Pairolero and Arnold confirmed 
that aggressive resection of the chest wall with immediate, 
dependable reconstruction is reasonable for managing these 
problems in the elderly [8–17].

Indications

The most common indications for a chest wall resection 
include primary or metastatic chest wall neoplasms, tumors 
contiguous from breast and lung cancer, radiation necrosis, 
congenital defects, trauma, infectious processes from 
 osteomyelitis or median sternotomy or lateral thorocotomy 
incisions (Table 49.1). The chest wall defect produced by 
resection of most neoplasms involve loss of the skeleton and 
frequently the overlying soft tissues as well, while infection, 
radiation necrosis, and trauma produce partial- or full-thick-
ness defects, depending on their severity.

Preoperative Evaluation

Chest wall resection and reconstruction is a major undertak-
ing and has the full potential for life-threatening complica-
tions. As discussed by Azarow et al. [18], accurate preoperative 
assessment is critical because it will allow the detection and 
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treatment of correctable problems. The patient at high risk 
for developing postoperative complications can often be 
identified by history and physical examination, radiographic 
assessment, routine laboratory examinations, and cardiopul-
monary function analysis. The importance of a careful respi-
ratory history cannot be overemphasized. The patient’s 
smoking habits, occupational exposure, and other possible 
exposure to pulmonary irritants should also be established. 
The presence of dyspnea, cough, sputum, and wheeze should 
be thoroughly evaluated. The extent of any underlying lung 
disease should be documented. Routine pulmonary function 
testing should be performed in all patients to determine the 
pulmonary status of the patient to anticipate postoperative 
complications, predict the need for ventilatory support, and 
maximize the patient’s recovery.

Although the majority of patients do not undergo con-
comitant lung and chest wall resections (34% present in our 
series), the loss in ventilatory capacity in those with a preex-
isting marginal respiratory function may lead to prolonged 
respiratory support and pulmonary complications in the post-
operative period [19]. After careful preoperative screening 
and as indicated, we do not hesitate to perform concomitant 
pulmonary resections with chest wall resection. This is also 
the philosophy of the thoracic surgeons at the Mayo Clinic 
and Memorial Sloan Kettering Cancer Center that in patients 
who have lung cancer and concomitant chest wall involve-
ment that a combined chest wall and lung resection is war-
ranted to achieve long-term survival [20, 21]. Non-pulmonary 
risk factors, such as cardiovascular and renal disease, are 
equally important. Age itself, however, is relatively unim-
portant if the patient is otherwise in good health.

Principles of Reconstruction

In the treatment of patients requiring chest wall resection, 
three principles of surgical resection should be maintained 
[22]. First, a sufficient amount of tissue must be resected to 

dispose of all devitalized tissue. Second, in segments of large 
chest wall resections, replacement must be found to restore 
the rigid chest wall to prevent physiologic flail. Third, healthy 
soft tissue coverage is essential to seal the pleural space, to 
protect the viscera and great vessels, and to prevent infec-
tion. A combined multidisciplinary approach with plastic 
and reconstruction surgeons, thoracic surgeons, and critical 
care specialist provides an acceptable functional result after 
chest wall resections.

A basic rule prior to the institution of chest wall reconstruc-
tion is an appropriate and thorough chest wall resection that 
leaves healthy, viable margins to which materials and tissues 
used in a reconstruction may be anchored securely. Careful 
preoperative assessment for the extent of disease in patients 
with primary or metastatic malignancies is necessary prior to 
chest wall resection or reconstruction [19]. This is particularly 
important in patients with breast and lung cancer locally invad-
ing the chest wall and in patients with metastasis to the ribs or 
the sternum. More recently, PET scanning has been utilized to 
determine the presence of non-thoracic metastatic disease 
which is not infrequent in these patients and in the majority of 
cases negate an extensive chest wall resection.

Chest wall resection for local failure provides palliation 
for pain and removal of an ulcerated occasionally pungent 
mass, thus potentially improving quality of life even if age is 
a factor. Moreover, it may give the best opportunity for local 
control when combined with adjuvant chemotherapy and 
radiation. However, we caution that careful preoperative 
selection should be exercised in patients with recurrent local 
tumor owing to their high mortality rate [23]. In the era of 
superb technologic advances in radiation and chemotherapy 
and if no distant metastatic disease is present, we believe that 
chest wall resection and reconstruction after or before 
chemoradiation should be the standard of care in patients 
with chest wall tumors regardless of the cell type.

The ability to close large chest wall defects is the main 
consideration in the surgical treatment of most chest wall 
problems. Excision should not be undertaken if the surgeon 
does not have the confidence and ability to close the defect. 
The critical questions of whether or not the reconstructed 
thorax will support respiration and protect the underlying 
organs must be answered when considering both the extent 
of resection and the method of reconstruction. This is true 
whether the thorax is involved with a neoplasm, an infection, 
or radiation necrosis. Adequate resection and dependable 
reconstruction are the mandatory ingredients for successful 
treatment. These two important items are accomplished most 
safely, as Arnold and Pairolero [11] noted, by the joint efforts 
of a thoracic surgeon and a plastic surgeon.

Reconstruction of chest wall defects involves consider-
ation of many factors (Table 49.2). The location and size are 
of utmost importance, but the past medical history and local 
conditions of the wound may drastically alter a reconstruc-
tive choice. Primary closure remains the best option available 

Table 49.1 Indications for chest wall reconstruction

Neoplasms
Primary
Metastatic
Direct extension

Breast
Lung

Recurrent
Infection

Median sternotomy incision
Thoracotomy incision
Osteomyelitis
Costochondritis

Radiation injury
Trauma
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when possible. If the defect is partial thickness and will 
accept and support a skin graft, reconstruction in this manner 
is quite reasonable. If a partial-thickness defect will not 
 reliably accept a skin graft, a situation that frequently occurs 
with radiation necrosis, omental transposition with skin 
grafting should be used. If full-thickness reconstruction is 
required, both the structural stability of the thorax and soft 
tissue coverage must be considered.

Radiation therapy has undoubtedly saved many lives and 
benefited countless other patients. However, the reconstruc-
tive surgeon is rarely, if ever, asked to see a recipient of such 
therapy who has had absolutely no problems. Rather, most 
patients have impending or actual chest wall ulceration, or 
complicated by the ever-present possibility of recurrent can-
cer, or the presence of active infection. Certainly, situations 
arise when resection and reconstruction are reasonable alter-
natives despite the possible presence of metastatic disease. In 
many of these patients, the quality of life can be vastly 
improved with such a procedure. It is also important to under-
stand the extent of radiation injury in adjacent tissues. 
Computed tomography (CT) and magnetic resonance (MR) 
imaging are helpful because they more accurately delineate 
the condition of the underlying lung and mediastinum. Such 
information may, in fact, be more important than the pres-
ence or absence of distant metastases. Knowledge of the 
presence of a mediastinal abscess or destroyed lung is critical 
for successful chest wall resection and reconstruction. If a 
history of chest wall bleeding is present, consideration should 
be given to angiography if there is any suspicion of involve-
ment of the heart or great vessels. Similarly, parasternal 
ulceration deserves careful evaluation because of potential 

erosion into the mammary vessels, with severe hemorrhage 
as its sequelae.

Reconstruction of acquired thoracic defects requires 
attention to management of: (1) pleural cavity, (2) skeletal 
support, and (3) soft tissue coverage. In elderly patients, the 
main focus is usually on the actual chest wall reconstruction 
(skeletal support and soft tissue coverage); however, the 
management of the pleural cavity is also essential and may 
be the single component that adversely affects the ultimate 
recovery of elderly patients.

Management of Pleural Cavity

Transposition of muscle flaps or vascularized tissue into the 
chest cavity is widely used to obliterate post-pneumonec-
tomy empyema space, closure of bronchopleural, or trache-
oesophageal fistulas. Excellent local flap options include 
extrathoracic muscles (latissimus dorsi, serratus, and pecto-
ralis major) and omentum previously described at our insti-
tution. These muscles are easily passed through a 4–5 cm 
chest wall defect with a one- to two-rib resection, location of 
which depends on the muscle used and its dominant blood 
supply. These defects are then closed over chest tubes for 
drainage with appropriate antibiotic usage. The maintenance 
of chest wall mechanics relies on both an air-tight seal within 
the pleural cavity as well as skeletal support over the thorax. 
One exception to this end is that the severely debility is 
 controlled by creating an Eloesser flap to drain the pleural 
cavity until appropriate for closure. Another important issue 
in the management of these pleural cavity infections is the 
timing of the reconstruction. The success rate is higher if 
treatment is instituted early, prior to maturation of the empy-
ema cavity. Thoracoplasty or total collapse of the chest wall 
with obliteration of the remaining pleural cavities is reserved 
as a last resort for chronic empyema.

Management of Skeleton

The management of chest wall defects requires similar logic 
with a thorough analysis of the defect and understanding of 
respiratory mechanics. Restoration of skeletal stability is 
often required to protect intrathoracic contents as well as 
to preserve the mechanical forces that allow respiration. 
Integrity of the diaphragm and accessory muscles of inspira-
tion should always be considered when accessing the skeletal 
defect, and when deciding on appropriate local flap coverage 
if needed.

In cases where structural integrity is necessary for 
 preventing chest wall collapse, methyl methacrylate sand-
wich, silicone, Teflon, or acrylic materials have been utilized. 

Table 49.2 Reconstruction factors

Location
Size
Depth

Partial thickness
Full thickness

Duration
Condition of tissue

Radiation
Infection
Recurrent cancer
Residual cancer
Redo (scarring)

Performance status
Nutrition
Pulmonary
Cardiac
Corticosteroid use
Diabetes mellitus
Immunocomprized
Chronic infection

Quality of life/work profession
Prognosis
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While it is still unclear of the importance of the rigidity of 
the chest wall reconstruction, observations of chest wall 
trauma give much significance to the presence of paradoxical 
motion of the chest wall. However, this uncoordinated motion 
during respiration is seen in almost every major resection of 
the chest wall, but it is not associated with pulmonary 
 insufficiency, which is seen with its traumatic counterpart, 
flail chest. A methyl methacrylate sandwich (Fig. 49.1) is 
commonly used with Prolene or Marlex mesh with excellent 
physiologic and aesthetic success [19, 24]. Daigeler et al. 
[25] observed that pulmonary function was only moderately 
reduced and was not significantly affected by the resection 
size or location. They concluded that thoracic wall recon-
struction provides excellent thoracic wall stability to main-
tain pulmonary function, but postoperative pain and sensation 
disorders were considerable. Although a variety of synthetic 
materials can be used to reconstruct the chest wall defect, 
there is no consensus on the most physiologic or efficacious 
material [24, 26].

Historically, bone, diced cartilage, metal sheets, autoge-
nous rib graft, fascia lata, Teflon, and numerous other sub-
stances have been used with minimal success. With modern 
surgical technique a wide range of reconstructive options are 
at the surgeon’s disposal and hence it is imperative that the 
appropriate procedure be selected in a given patient. In gen-
eral, all full-thickness skeletal defects that have the potential 
for paradox should be reconstructed. The decision not to 
reconstruct the skeleton depends on the size and location of 
the defect. For small defects (less than 5 cm) or those located 
posteriorly under the scapula above the fourth rib (after 
resection of Pancoast tumors), the skeleton component can 
be ignored and the defect closed with only soft tissue. For 
patients undergoing large chest wall defects (greater than 

5 cm), stabilization of the chest wall defect is indicated. 
Arnold and Pairolero [14] state that most patients can toler-
ate sternectomy or resection of four to six ribs at the cartilage 
level without experiencing flail chest or respiratory insuffi-
ciency postoperatively. Although the number of resected ribs 
is an important indicator for mesh usage, there does not 
appear to be a direct association between the number of ribs 
resected and the need for mesh reconstruction. This is likely 
to be due to the presence of additional factors that influence 
chest wall stability and subsequently the decision process 
regarding the necessity for mesh reconstruction. Such factors 
include defect location and history of radiation. Location of 
the chest wall defect did appear to influence the need for 
skeletal stabilization, with mesh reconstruction being 
required more often for the lateral defects. The lack of ster-
nal or spinal stability in that location renders the patient more 
prone to flail chest deformities which can be detrimental in 
elderly patients.

Reconstruction can be with autogenous tissue such as 
 fascia lata or ribs (Table 49.3) or synthetic prosthetic materi-
als (Table 49.4). LeRoux and Shama have set fourth the ideal 
characteristics of a prosthetic material: rigidity to abolish 
paradoxical chest motion, inertness to allow in-growth of 
fibrous tissue and decrease the likelihood of infection, malle-
ability so that it can be fashioned to the appropriate shape at 
the time of operation, and radiolucency to allow radiographic 
follow-up of the underlying problem [27].

Because no substance has been found to fulfill all the 
 criteria, synthetic or alloplastic materials can used if chest 

Fig. 49.1 Methyl methacrylate marlex mesh sandwich reconstruction 
after an anterior sternal and chest wall resection for an angiosarcoma 
related to radiation therapy for breast cancer

Table 49.3 Autogenous tissue

Fascia lata
Rib
Muscle

Latissimus dorsi
Pectoralis major
Rectus abdominis
Serratus anterior
External oblique
Trapezius
Deltoid

Omentum
STSG

STSG Split-thickness skin graft

Table 49.4 Synthetic material

Prolene mesh
Marlex mesh
Vicryl mesh
PTFE soft tissue patch
Methyl methacrylate sandwich
Bovine pericardium

PTFE Polytetrafluoroethylene
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wall integrity is compromised. Synthetic mesh (e.g., Marlex 
 [knitted polypropylene] by Davol and Bard, Cranston, RI; 
Prolene by Ethicon, Inc, Somerville, NJ; 2-mm PTFE [poly-
tetrafluoroethylene] soft tissue patch by W.L. Gore and 
Associates, Inc, Flagstaff, AZ; Vicryl [polyglactin 910] by 
Ethicon, Inc., Somerville, NJ; methyl methacrylate sandwich 
[polymethyl methacrylate] by Stryker Howmedica Osteonics, 
Mahwah, NJ) can be utilized for attaining rib or sternal sta-
bility. Placing either of these materials under tension 
improves the rigidity of the prosthesis in all directions. 
Sutures are often placed in an interrupted fashion around the 
ribs for added strength and support. The PTFE soft tissue 
patch (Fig. 49.2) is superior because it prevents movement of 
fluid and air across the reconstructed chest wall. Marlex 
mesh is used less frequently because when placed under ten-
sion, it is rigid in one direction only. Although Pairolero and 
Arnold [15, 16] believe that reconstruction with rigid mate-
rial such as methyl methacrylate impregnated meshes is not 
necessary. McCormack and Mansour and colleagues have 
been strong advocates of this reconstruction technique with 
excellent results [19, 22]. For the most part, the choice of 
prosthetic material is based on surgeon’ s preferences as 
Deschamps et al. [28] have shown that there was no signifi-
cant difference in the rate of postoperative success or com-
plications exist between the use of Prolene mesh and PTFE 
soft tissue patch for chest wall reconstruction.

Full-thickness skeletal defects resulting from excision of 
tumors of both the sternum and lateral chest wall should be 
reconstructed if the wound is not contaminated. If the wound 
is contaminated from previous radiation necrosis or necrotic 
neoplasm, reconstruction with prosthetic material is usually 
not advised, because the prosthesis may subsequently become 
infected, resulting in obligatory removal. Two materials may 
be used in this situation as a temporary device, Vicryl (Ethicon 
Inc., Summerville, NJ) mesh or bovine pericardium (Synovis, 

Inc., St Paul, MN). A combination of materials can be used in 
these situations such as bioabsorbable PDS bars (Acute 
Innovations, Los Angeles, CA) (Fig. 49.3) or titanium struts 
(Stratos, Inc., Stratosburg, France) (Fig. 49.4) for skeletal 
rigidity and covered with remodeled bovine pericardium 
(Veritas-Synovis Surgical Innovations, St Paul MN) (Figs. 49.5 
and 49.6) to close the pleural cavity. Also, reconstruction 
with a musculocutaneous flap alone can also be performed. 
Similarly, resection of the bony thorax in a patient who 

Fig. 49.2 PTFE soft tissue patch reconstruction of the lateral chest 
wall after resection for lung cancer

Fig. 49.3 PDS strut reconstruction after sternal resection

Fig. 49.4 Titanium strut reconstruction of lateral chest wall

Fig. 49.5 Bovine (Veritas) pericardial patch coverage of sternal PDS 
struts



594 D.L. Miller

has been previously irradiated may not require skeletal 
reconstruction because the lung frequently adheres to the under-
lying parietal pleura and paradox does not occur. Covering 
radiation skin necrosis with soft tissue is frequently adequate.

Management of Soft Tissue

Whereas superficial defects of the chest wall are easily closed 
with local flaps or skin grafts, full thickness defects are more 
challenging and often require close interaction between the 
thoracic and plastic surgeons. The indications for soft tissue 
free or pedicle muscle reconstruction are to provide vascu-
larized tissue to cover a thoracic wound, control infection, 
obliterate dead space, and to potentially provide coverage of 
synthetic mesh used to stabilize the chest wall. The availabil-
ity of numerous reconstructive techniques with well-vascu-
larized tissue enables the extirpative surgeon then to take the 
wide and appropriate resections to ensure quick healing, 
rehabilitation, cosmesis, and successful long-term manage-
ment. A variety of techniques including pedicle muscle 
transposition, free muscle or omental flaps have been used to 
provide adequate wound coverage (Table 49.4).

Muscle is the tissue of choice for soft tissue coverage of 
full-thickness defects for which skeletal reconstruction is not 
required. Muscle can be transposed as muscle alone or as a 
musculocutaneous flap (Fig. 49.7). As noted by Matsuo et al. 
[29], combinations of different muscle flaps can be used to 
reconstruct larger chest wall defects that a single flap would 
not cover. The omentum should be reserved for partial-thick-
ness reconstruction or as a backup procedure for muscle 
transposition that has failed in full-thickness defects. Such 
complex reconstructions should thoroughly be considered as 
last resort in elderly patients.

Muscle Transposition

Latissimus Dorsi. The latissimus dorsi muscle is the largest 
flat muscle of the thorax. Its dominant thoracodorsal neuro-
vascular leash has an arc of rotation that allows coverage of 
the lateral and central back as well as the anterolateral and 
central front of the thorax as Bostwick et al. [30] have 
described. Its dependable musculocutaneous vascular con-
nections also make it a reliable musculocutaneous flap. This 
muscle flap can cover huge chest wall defects because virtu-
ally one half of the back can be elevated on the blood supply 
of a single latissimus dorsi muscle in the uninjured, non-
irradiated patient. The donor site may need skin grafts when 
large musculocutaneous flaps are elevated, but this repre-
sents a small disadvantage when considering that large, 
robust flaps can be transposed to either the anterior or poste-
rior chest for full-thickness reconstruction. If the dominant 
blood supply has been compromised from previous trauma 
or surgery, Fischer et al. [31] have shown that the muscle can 
still dependably be transposed on the branch of the adjacent 
serratus anterior muscle.

Pectoralis Major. The pectoralis major muscle is the sec-
ond largest flat muscle on the chest wall and in many 

Fig. 49.6 Bovine (Veritas) pericardial patch coverage of lateral chest 
wall titanium struts

Fig. 49.7 Drawing for planned resection of recurrent breast cancer 
with chest wall involvement and reconstruction with transverse rectus 
abdominis musculocutaneous (TRAM) flap
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respects in the mirror image of the latissimus dorsi muscle. 
As Arnold and Pairolero [10] reported, its dominant thora-
coacromial neurovascular bundle, which enters posteriorly 
about midclavicle, allows both elevation of the muscle, 
either as a muscle or as musculocutaneous flap, and rotation 
centrally for chest wall reconstruction. The pectoralis major 
muscle is equally as reliable as the latissimus dorsi flap. 
Pairolero and Arnold [17, 32] showed that it is beneficial in 
reconstructing anterior chest wall defects such as those 
resulting from sternal tumor excisions and infected medial 
sternotomy wounds. Generally, only the muscle is trans-
posed, and the skin can be closed primarily, thereby avoid-
ing the distortion created by centralizing the breast. 
Reconstruction in this manner is more symmetric and aes-
thetically acceptable. If central skin must be excised, sym-
metry of the breast can still be maintained, because the 
transposed muscle readily accepts and supports an overly-
ing skin graft. If necessary, the muscle can also be trans-
posed on its secondary blood supply through the perforators 
from the internal mammary vessels.

Rectus Abdominis. Use of the rectus abdominis muscle for 
chest wall reconstruction is based on the internal mammary 
neurovascular bundle. The inferior epigastric vessels must be 
divided to allow rotation to the chest wall. This muscle can 
be mobilized and moved either as a muscle or as a musculo-
cutaneous flap with the skin component oriented either hori-
zontally or vertically, or both, as described by Coleman and 
Bostwick [33]. The vertical skin flap, however, is more reli-
able because it is oriented along the long axis of the muscle 
and thus maintains more musculocutaneous perforators. The 
donor site is usually closed primarily.

Pairolero and Arnold [15] believe that the transverse rec-
tus abdominis musculocutaneous (TRAM) flap is most use-
ful in reconstruction of lower sternal wounds. Either muscle 
can be used, because their arcs of rotation are identical. The 
muscle that has patent and uninjured internal mammary ves-
sels must be chosen. Angiographic demonstration of vessel 
patency may help determine which musculocutaneous unit 
would be most reliable, particularly in sternotomy wounds. 
Also, in many infected sternotomy wounds, the internal 
mammary artery may have previously been used for coro-
nary artery bypass.

Serratus Anterior. The serratus anterior muscle is a small 
flat muscle located in the midaxillary line between the latis-
simus dorsi and pectoralis major muscles. Its blood supply 
comes from the serratus branch of the thoracodorsal vessels 
and form the long thoracic artery and vein. This muscle can 
be used alone or as an adjunctive muscle with the pectoralis 
major or the latissimus dorsi muscles. The muscle also 
 augments the skin-carrying ability of either adjacent muscle. 
Greason et al. [34] have also found that this muscle is 
 particularly useful as an intrathoracic muscle flap.

External Oblique. The external oblique muscle can also be 
transposed as a muscle or musculocutaneous flap, and it is 
most useful in closing defects of the upper abdomen and 
lower thorax. It reaches the inframammary fold without ten-
sion but, as Hodgkinson and Arnold [35] noted, does not 
readily extend higher. The primary blood supply is from the 
lower thoracic intercostal vessels. With this muscle, lower 
chest wall defects can be closed without distorting the breast.

Trapezius Muscle. The trapezius muscle has been useful to 
close defects at the base of the neck or the thoracic outlet but 
is not consistently useful for other chest wall reconstructions. 
Its primary blood supply is the dorsal scapular vessels.

Deltoid Muscle. The deltoid muscle is usually used for 
reconstruction when an interscapulothoracic amputation 
(removal of the entire upper extremity, the shoulder girdle, 
and its muscular attachments) also known as a four-quarter 
amputation is undertaken for malignant tumors of the upper 
arm, shoulder, and scapula [36]. Its primary blood supply is 
a dual system from the deltoid branch of the thoracoacromial 
artery and the posterior humeral circumflex artery. The del-
toid muscle is mobilized with the skin and soft tissue from 
the upper arm after the amputation for coverage of the defect. 
This myocutaneous flap reconstruction technique has been 
well described by Mansour and Powell [37]. This reconstruc-
tion method can be a lifesaving procedure even in the elderly 
patient, but an extensive preoperative evaluation and com-
prehensive education of the patient about the procedure is 
warranted in this life-changing reconstruction.

Omental Transposition

Omental transposition, as Jurkiewicz and Arnold [38] noted, 
has been most useful in reconstructing partial-thickness chest 
wall defects, particularly in radiation necrosis that does not 
involve tumor. In this situation, the skin and soft tissue are 
debrided down to what remains of the thoracic skeleton, 
which may be either bone or cartilage but frequently is only 
irradiated ischemic scar. The transposed omentum with its 
excellent blood supply from the gastroepiploic vessels 
adheres to the irradiated wound and readily accepts and sup-
ports an overlying skin graft. Because the omentum has no 
structural stability of its own, it is not particularly useful in 
full-thickness defects because additional support, such as 
fascia lata, bone, or prosthetic material, is necessary.

Omental transposition is helpful when planned muscle 
flaps have failed with partial necrosis. Generally, this results 
in only a soft tissue defect, and pleural seal with respiratory 
stability is not required, as noted by Fix and Vasconez [39], 
thus allowing a most threatening situation to be salvaged. 
Although infections of the lower sternum are best treated 
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with a rectus abdominis muscle flap, the blood supply, based 
on the distal aspect of the internal mammary artery, may 
have been interrupted previously either by use of this artery 
for coronary revascularization or by ligation with sternal 
resection. If the internal mammary artery is not intact or if 
the wound is large, omental transposition is performed, fol-
lowed by STSG immediately or after 48 h.

The numerous advances in chest reconstruction over the 
years with the introduction of muscle and musculocutaneous 
flaps have made them the mainstay in chest wall reconstruc-
tion, even in the elderly where the blood supply is depend-
able. The thoracic trunk is well suited for vascularized 
coverage given the many local muscle flaps (e.g., latissimus 
dorsi, pectoralis major, rectus abdominis, trapezius, or del-
toid muscles) or greater omentum (used alone or in combina-
tion as options for wound coverage). With the bountiful 
methods of pedicles muscle transfer and uncommon pedicle 
muscle flap loss, the necessity for free flap in the reconstruc-
tion of the thoracic wall defect is minimal. Free tissue trans-
fer flap is seldom utilized in the elderly for chest wall 
reconstruction and is generally used only when pedicle flaps 
are unavailable. In the rare situation of pedicles muscle flap 
loss, the pedicle omental flap has been useful as a salvage 
procedure in those instances.

Clinical Experience

Mansour et al. and Losken et al. have reported on 200 patients 
who underwent chest wall reconstruction within the Emory 
University Healthcare system over a 25-year period [19, 40]. 
The most common indication for chest wall resection in our 
series was lung cancer in 75 patients (38%), chest wall 
tumors in 53 (27%), breast cancer in 43 (22%), infection in 
31 (16%), and radiation necrosis in 29 (15%) (Table 49.5). 
Chest wall resections included the ribs in 118 patients (79%), 
sternum in 56 patients (28%), and a forequarter amputation 
in 14 (7%) (Table 49.6); 46 patients underwent reoperations 
(23%) and 68 patients (34%) had combined lung and chest 
wall resection. Immediate closure was performed in 195 
patients (98%) and 5 patients underwent delayed closure at 
an average of 10 days after chest wall resection (Table 49.7). 

Delayed repairs were performed secondary to hemodynamic 
instability and ongoing infectious process.

Primary repair of the soft tissue and skin was performed 
in 43 patients (22%). Synthetic materials were used for chest 
wall integrity reconstruction in 93 patients (47%); Prolene 
mesh in 49, Marlex mesh in 21, methyl methacrylate sand-
wich in 11, Vicryl mesh in 11, and PTFE in 1 (Table 49.8). 
Muscle flap transposition was performed in 113 patients 
(57%); 96 patients (48%) underwent pedicle muscle flap and 
17 patients (9%) underwent a free muscle flap. The most 
common muscle groups utilized were latissimus dorsi in 40 
patients, TRAM flap in 33 patients, and pectoralis in 31 
(Table 49.9). Fourteen patients (12%) required more than 

Table 49.5 Indications for chest wall resection

Indication Number of patients (%)

Lung cancer 75 (38)
Chest wall tumor 53 (27)
Breast cancer 43 (22)
Chest wall infections 31 (16)
Radiation necrosis 29 (15)
Miscellaneous tumors 23 (12)
Pectus repair 6 (3)

Table 49.6 Chest wall resections

Type Number of patients (%)

Recurrent surgery 46 (23)
Combined lung and chest wall 68 (34)
Rib defects 66 (33)
Sternal defects 56 (28)
Forequarter amputation 14 (7)

Table 49.7 Chest wall reconstruction

Type Number of patients (%)

Immediate reconstruction 195 (98)
Delayed reconstruction  5 (3)
Primary chest wall closure  43 (22)
Prosthetic replacement  49 (25)
Autogenous replacement  96 (48)

Table 49.8 Prosthetic material

Type Number of patients (%)

Prolene mesh 49 (25)
Marlex mesh 21 (11)
Methyl methacrylate 11 (6)
Vicryl mesh 11 (6)
PTFE 1 (0.5)
PTFE Polytetrafluoroethylene

Table 49.9 Autogenous material

Type Number of patients (%)

Pedicle flap 96 (48)
Free flap 17 (9)
Latissimus muscle 40 (20)
TRAM flap 40 (20)
Pectoralis muscle 31 (16)
Serratus muscle 17 (9)
Deltoid muscle 4 (2)
Trapezius muscle 3 (2)
Omentum muscle 20 (10)
STSG 23 (12)

TRAM Transverse rectus abdominis musculocutaneous; STSG split-
thickness skin graft
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one muscle flap for complete reconstruction. The omentum 
was used in 20 patients (10%) and STSG were utilized in  
23 patients (12%).

Hospital outcomes are summarized in Table 49.10. The 
median overall hospital stay was 10 days (range, 3–99 days) 
and the median postoperative stay was 6 days (range, 2–98 
days). A total of 168 patients (84%) required intensive care 
unit stay postoperatively for a median of 3 days (range, 1–83 
days). Thirteen of the 200 patients (7%) died during their 
hospital stay; most commonly from multi-system organ fail-
ure (MSOF). Forty-seven patients (24%) had complications 
(Table 49.11); the most common complication was pneumo-
nia in 27 (14%), acute respiratory distress syndrome (ARDS) 
in 11 (6%), and flap loss in 10 (6%). Only 14 patients (7%) 
had a complication related to their flap, the most common 
unfortunately was flap death in 10 patients. There was no 
difference with regard to morbidity, mortality, or overall suc-
cess based on advanced age.

Conclusion

In conclusion, the key to a successful outcome in these com-
plex cases is the coordinated effort by the surgical teams in 
individualizing the care of the elderly patient utilizing total 
resection of the disease process, reconstruction of the chest 

wall integrity, and soft tissue coverage of the defect. The 
team of surgeons should be well versed in chest wall recon-
struction utilizing prosthetic and biological materials as well 
as pedicle muscle flaps and must plan and work together to 
achieve optimal results.

Chest wall reconstruction is both safe and effective in the 
immediate setting with the majority of defects being closed 
using synthetic mesh, regional muscle, or myocutaneous 
flaps. Although this chapter is a helpful guide, the complex-
ity of each individual patient needs to be taken into account, 
and numerous variables will influence the decision process 
regarding the most appropriate management. Close interac-
tion with the plastic surgeon and critical care physician is 
important, so that all teams must completely understand the 
ablative goals and reconstructive options to avoid unneces-
sary morbidity and ensure a successful outcome in the elderly 
patient.
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Abstract This chapter describes the various pathologic 
conditions that might affect the trachea and bronchi in the 
elderly. Diseases considered include airway neoplasms, 
benign tracheoesophageal fistulae, and tracheal stenoses. 
Appropriate operative techniques to address these problems 
are described. The results obtained in the elderly are also 
presented. Airway surgery in the elderly may be safely and 
effectively performed.

Keywords Trachea • Bronchus • Tracheal stenosis  
• Tracheoesophageal fistula • Tracheal resection • Sleeve 
resection • Bronchoplasty

Introduction

The development of modern airway surgery owes a great deal 
to the efforts of Dr. Hermes Grillo, who studied, practiced, 
and perfected techniques that permit safe and effective cor-
rection of airway pathology. The culmination of his work is 
the text Surgery of the Trachea and Bronchi [1], which pres-
ents a survey of the pathology that can affect the airways, and 
the surgical approaches to manage it. We will summarize the 
standard techniques in this chapter, keeping in mind how the 
elderly patient can present specific challenges and what 
 outcomes can be expected in this patient population.

Anatomy of the Trachea

A thorough understanding of normal tracheal anatomy is 
necessary before planning and performing tracheal surgery. 
The average length of the adult human trachea is 11.8 cm 

(range 10–13 cm), measuring from the bottom of the cricoid 
cartilage to the carina. There are approximately 18–22 
C-shaped cartilaginous rings making up the length of the tra-
chea, with about 2 rings every centimeter. The transverse and 
anteroposterior diameters are on average 2.3 and 1.8 cm, 
respectively [2]. There are no significant changes to normal 
tracheal dimensions in the elderly.

The position of the trachea is variable and greatly affected 
by the positioning of the neck. With the neck extended, as in 
the case of normal positioning for a thyroidectomy, the upper 
half of the trachea is cervical and the lower half is mediastinal. 
However, with the neck flexed, the entire trachea may become 
mediastinal, as the cricoid cartilage descends to the level of the 
thoracic inlet. In elderly patients, especially those with promi-
nent cervical kyphosis, this may be the fixed position of the 
trachea (Fig. 50.1). Accurate measurements and a clear opera-
tive plan are necessary for selecting either a cervical approach 
(the majority of tracheal operations) or a transthoracic approach 
(pathology typically centered at the distal trachea or carina).

Anteriorly, at the level of the second tracheal ring, the thy-
roid isthmus crosses the trachea. The thyroid lobes are 
apposed to the trachea at this level, and the blood supply 
delivered by the inferior thyroid arteries are shared. Posteriorly, 
the esophagus is intimately associated with the membranous 
trachea, although the plane is typically easily developed 
between these two structures, in the normal situation. The 
blood supply of the trachea is segmental and shared with 
the esophagus. The arteries approach laterally and divide to 
give anterior branches to the trachea and posterior branches to 
the esophagus [3]. Extensive circumferential dissection of the 
trachea is avoided as disrupting the lateral blood supply risks 
devascularization. The distal tracheal and mainstem bronchi 
share the blood supply delivered by the bronchial arteries.

Airway Pathology

Airway pathology includes tumors, acquired stenoses, and tra-
cheoesophageal fistulae. The most common tracheal disorders 
requiring operative management are acquired stenoses followed 
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by tracheal neoplasms, of which, squamous cell carcinoma 
(SCC) and adenoid cystic carcinoma are the most common. 
Both palliative and curative approaches to these disorders have 
been developed. The approach that has been developed at 
Massachusetts General Hospital, and shared by a number of 
other centers expert at airway surgery, incorporates techniques 
that strive to completely deal with the pathology in the safest 
manner possible. With respect to stenoses, while palliative mea-
sures such as tracheostomies and T-tubes have their role, every 
effort is made to resect and reconstruct the airway to restore the 
airway and permit normal function. Likewise, with respect to 
neoplasms, a complete resection of the tumor is always consid-
ered, typically requiring a formal resection and reconstruction 
of the airway. The age of the patient is one of the many variables 
the airway surgeon must consider in planning an operation, but 
it certainly is not a contraindication to proceeding in of itself.

Tracheal and Bronchial Neoplasms

While there are a variety of neoplasms that can affect the 
airways (Table 50.1), only a few present commonly. The 
exact incidence of primary airway neoplasms is unknown, 

given their relative rarity. Rather, data are available from a 
variety of centers regarding the frequency of different neo-
plasms presenting for operative management. At MGH, the 
majority of primary tracheal tumors are found to be malig-
nant. Looking at a 26-year period at MGH, 40% of patients 
with primary tracheal tumors (n = 198) presented with ade-
noid cystic carcinoma and 36% of patients presented with 
primary SCC. The remaining 24% of patients had other 
malignant tumors (4%), intermediate character tumors such 
as carcinoid and mucoepidermoid tumor (9%), and benign 
tumors (11%) [4].

Fig. 50.1 Tracheal position is altered in the elderly and kyphotic. (a) The 
position of the trachea with the neck in neutral (a), extended (b), and 
flexed (c) positions in youth. In neutral position (a), one-third of the tra-
chea is in the neck. With cervical extension (b), more than one half of the 

trachea is present in the neck. With cervical flexion (c), most of the 
 trachea is intrathoracic. In the elderly (b), most of the trachea may be 
intrathoracic, and does not change its position whether the neck is neutral 
(a), extended (b), or flexed (c) (from Grillo [1], used with permission)

Table 50.1 Primary tracheal tumors

Malignant neoplasms
Adenoid cystic carcinoma
Squamous cell carcinoma (SCC)
Intermediate grade neoplasms
Carcinoid
Mucoepidermoid
Benign tracheal neoplasms
Squamous papilloma
Pleomorphic adenoma
Granular cell tumor (myoblastoma)
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SCC of the trachea presents either as an exophytic or as 
ulcerative lesion, with or without symptoms. The lesion may 
infiltrate locally or longitudinally along the tracheal wall, 
with possible involvement of structures adjacent to the tra-
chea. Metastasis to adjacent peritracheal lymph nodes is pos-
sible, while hematogenous spread to distant organs is less 
common. Virtually all patients have a significant smoking 
history, and the age at presentation is similar to lung cancer, 
typically between 50 and 70 years. The mean age of presen-
tation is 61 years [5].

Adenoid cystic carcinoma presents across a wider age 
group, from 20 to 70 years. The mean age of presentation is 
significantly younger than SCC, at 49 years, but it still may 
be encountered in the elderly [5]. The lesion may occur any-
where in the trachea, but is most likely to be centered at the 
distal trachea or carina. The gross appearance of the lesion is 
variable, and the borders may or may not be distinct. The 
tumor has a propensity to infiltrate the tracheal wall submu-
cosally and perineurally, remote from the visible mass. This 
feature is what makes complete resection of this tumor more 
difficult. The tumor may have a large extra-tracheal compo-
nent, but is less prone to invasion of adjacent structures. 
Peritracheal lymph nodes may be involved, and metastasis to 
the lungs is possible.

Intermediate grade tumors presenting with some fre-
quency, but still relatively rarely, are mucoepidermoid and 
carcinoid tumors of the trachea and bronchi. Mucoepidermoid 
tumors can occur anywhere in the trachea as well as the bron-
chi. Mucoepidermoid tumors can behave in a very malignant 
fashion, while others respond very favorably to resection 
without recurrence. In a series of 18 patients with mucoepi-
dermoid tumors of the airway, managed at MGH, the mean 
age of the patients was 37 years, with a range of 9–62 years 
[6]. Carcinoid tumors are more typically encountered in the 
bronchi, but can also present in the peripheral lung and rarely 
in the trachea. They present typically in the fifth to the sixth 
decades, but can be encountered in the very young and the 
elderly. Typical carcinoid responds very favorably to resec-
tion, and recurrence is rare. Atypical carcinoid may present 
with metastasis to lymph nodes, and exhibit a more aggres-
sive behavior. Endobronchial treatment of carcinoid tumors 
with modalities such as the laser is occasionally used by 
some centers. At MGH, we have espoused resectional tech-
niques to completely eradicate the disease and prevent recur-
rence. The carcinoid tumor has its origin deeper than the 
mucosa, and endobronchial treatment is incapable of remov-
ing the disease completely, and may complicate definitive 
resectional therapy. We will review bronchoplastic “sleeve” 
techniques later in this chapter. Again, we emphasize that 
age is not a contraindication to attempting cure of these 
tumors with resection and reconstruction of the airway.

Of the possible secondary tracheobronchial tumors that 
may be encountered, invasive thyroid carcinoma and bron-
chogenic carcinoma involving the carina or proximal 

 mainstem bronchus are the ones that are most likely in the 
elderly population. Well-differentiated thyroid carcinoma is 
found to invade the trachea between 1 and 10% of patients 
[7]. Invasion is more likely with advancing age of the patient. 
In the MGH experience, the mean age of patients undergo-
ing a tracheal resection for invasive thyroid cancer was 64 
years, with patients as old as 79 years [8]. Poorly differenti-
ated and anaplastic thyroid carcinoma, in particular, are 
prone to tracheal invasion. There is no widely implemented 
staging system that takes into account tracheal invasion, 
although an attempt at staging has been made [9]. As a 
result, outcomes of different approaches to thyroid carci-
noma invading the trachea are difficult to compare. The two 
primary surgical approaches are shave resection of the tra-
chea and formal tracheal resection and reconstruction at the 
time of thyroidectomy. Again, the approach at MGH has 
been to undertake, whenever possible, complete eradication 
of the disease by resection of the involved segment of the 
trachea. The goals of tracheal resection for patients with 
invasive thyroid carcinoma are to prevent tracheal obstruc-
tion by the slowly growing tumor, alleviate the potential for 
chronic and debilitating hemorrhage, and potentially to cure 
the patient. When tracheal resection is undertaken at the 
time of thyroidectomy or soon after, very good outcomes 
are obtained with minimal morbidity [8]. Even when tra-
cheal resection is undertaken for local recurrence after thy-
roidectomy, palliation can be achieved; however, cure and 
prolonged survival are harder to achieve. Given the location 
of the thyroid gland and its isthmus, the tumor may involve 
the larynx as well as the trachea. As a result, laryngotracheal 
resection, rather than a more straightforward tracheal resec-
tion, may be necessary. Even more radical surgery such as 
cervical exentration and mediastinal tracheostomy may be 
necessary in the rare patient.

Bronchogenic carcinoma may involve the proximal main-
stem bronchi or carina. The initial experience with surgical 
management of proximal bronchogenic carcinoma was poor, 
with mortality exceeding long-term survival. However, more 
recent experiences, with careful patient selection and 
improved operative and postoperative management, signifi-
cantly improved outcomes are expected, justifying operative 
management in selected patients. The operation that is typi-
cally performed is a right carinal pneumonectomy. The tumor 
typically originates in the right upper lobe; left-sided tumors 
are less likely to involve the proximal left mainstem bron-
chus given its longer length, and thus left carinal pneumo-
nectomies are rarely necessary. In the MGH experience for 
carinal pneumonectomies for bronchogenic carcinoma, the 
mean age of patients was 56 years, with the oldest patient 
being 73 years old [10]. The operative mortality was 15%, 
and 5-year survival was 42%. Lymph node involvement had 
a very significant effect on long-term survival, and not unex-
pectedly, N2 or N3 disease was associated with extremely 
poor survival rates.
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Airway Stenosis

The two most common etiologies for tracheal stenosis requir-
ing resection and reconstruction are post-intubation stenosis 
and idiopathic tracheal stenosis. The latter disorder almost 
exclusively affects women, typically in their 40s, and is 
unlikely to be the cause of stenosis in the elderly. Post-
intubation stenosis is likely secondary to stomal complica-
tions from a prior tracheostomy or cuff injury from an 
orotracheal or tracheostomy tube. Both stomal complications 
and cuff injuries occur less frequently with attention to 
proper tracheostomy placement and the introduction of low-
pressure high-volume cuffs, respectively. The kyphotic neck 
of the elderly makes tracheostomy placement more compli-
cated, as the trachea has a tendency to descend into the tho-
rax. As a consequence, the rigid tube has a tendency to erode 
into the anterior aspect of the cricoid cartilage. The stenosis 
that results from this injury is high, and typically requires a 
laryngotracheal resection and reconstruction. Cuff injuries 
should be eliminated with proper cuff inflation pressures and 
monitoring, but are still encountered.

Patients present with dyspnea only when the degree of 
narrowing exceeds 50% of the normal cross-sectional area. 
The presence of granulation tissue, tracheal wall flaps proxi-
mal to the stoma, and malacia with dynamic collapse of the 
tracheal wall all can contribute to airway obstruction and 
symptoms. The most common stomal lesion, however, is 
anterolateral stenosis, which produces a characteristic 
“A”-shaped airway stenosis. The patients may become symp-
tomatic immediately upon decannulation or present more 
remotely. Most patients can be stabilized in an intensive care 
setting with conservative measures such as humidification, 
supplemental oxygen, Heliox, and suctioning to keep the 
patient breathing spontaneously. Rarely, intubation above the 
stenosis may be necessary, and ventilation with Venturi-like 
flow through the stenosis can maintain the patient. The air-
way surgeon must be prepared to also re-establish an airway 
with rigid bronchoscopy and tracheal dilation. This is typi-
cally a temporizing maneuver, as these lesions will tend to 
contract spontaneously. Tracheal dilation can be expected to 
be effective for days to weeks, which permits time for plan-
ning. It is preferable not to establish a new tracheostomy, as 
this will only reduce the length of normal trachea available 
for reconstruction after resection of the stenosis.

In our experience, there are very few contraindications to 
definitive repair of these lesions. The most important con-
traindication to undertaking tracheal resection and recon-
struction would be anticipated need for postoperative 
mechanical ventilation. These patients are usually better 
served by permanent tracheostomy or delayed tracheal resec-
tion at a time when they are likely to breathe spontaneously. 
Stable coronary artery disease has not been a barrier to safe 
airway reconstruction. Likewise, we have successfully  operated 

on patients with significant COPD or limited  pulmonary 
reserve; in these cases, the patient and the surgeon must be 
prepared to accept the need for permanent tracheostomy after 
reconstruction if the patient does not do well. The MGH has 
presented its series of tracheal and laryngotracheal resections 
for post-intubation stenosis in 503 patients from 1965 to 1992 
[11]. While the mean age of patients was 44 years old, the 
oldest patient was 85 years old. Moreover, 97 patients were in 
their 60s, 45 patients were in their 70s, and 4 patients were in 
their 80s. Ninety-four percent of the patients were judged to 
have good or satisfactory outcomes, and mortality was 2.4% 
in this series. Age was not studied as a risk factor. The most 
important barrier to success, in this report, was failed prior 
attempt at tracheal resection, emphasizing that success at the 
first operation is paramount.

Acquired Airway Esophageal Fistulae

Fistulae between the airway and the esophagus may be clas-
sified as either malignant or benign. Malignant fistulae are 
predominantly due to esophageal cancer that has progressed 
to involve the airway. The prognosis is grim, and palliative 
measures such as esophageal stenting are recommended. 
Benign fistulae are secondary to a variety of causes, includ-
ing granulomas of the membranous tracheal or bronchial 
wall, trauma, iatrogenic injury at procedures such as cervical 
spine fixation, and most commonly from post-intubation 
injury. The lesions typically arise from an over distended 
endotracheal or tracheostomy tube cuff pushing against an 
indwelling hard nasogastric tube. These lesions may present 
while the patient is mechanically ventilated as saliva con-
taminates the airway or tidal volume is lost via the enteric 
route. Bronchoscopy confirms the diagnosis. The fistulae 
from post-intubation injuries are typically “giant,” as the 
entire membranous wall of the trachea may be deficient. 
Along with the fistula, a significant tracheal stenosis also 
accompanies this lesion, secondary to the cuff injury. The 
need for mechanical ventilatory support makes immediate 
repair inadvisable, and the situation is temporized by placing 
a new tracheostomy tube with a cuff that is distal to the fis-
tula. The nasogastric tube is removed, a gastrostomy is placed 
for drainage, and a jejunostomy is performed for enteral 
nutrition. Once the patient weans from the ventilator and pul-
monary sepsis has been controlled, a repair of the fistula may 
be undertaken. The technique is described later in this chap-
ter. In a recent series of patients successfully managed with 
this problem, the mean age of patients was 52 years old, 
while the oldest patient was 84 years old [12]. In an earlier 
report from MGH, 38 patients with an acquired  non-malignant 
tracheoesophageal fistula were managed. In this series, there 
was a 10% mortality. Results were judged to be  excellent 
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in the surviving patients, with all but one able to aliment 
 themselves orally and all but two able to breathe without a 
tracheal appliance [13].

Tracheobronchial Malacia  
and Saber-Sheath Trachea

Tracheobronchial malacia and saber-sheath abnormality of the 
trachea are two other airway problems that rarely need opera-
tive intervention, but are not infrequently identified in the 
elderly. Tracheobronchial malacia is most typically associated 
with advanced COPD, although idiopathic cases may also be 
encountered. It is manifest by expiratory collapse of the tra-
chea or mainstem bronchi, and represents an intrinsic defect in 
the rigidity of the cartilaginous rings. The expiratory collapse 
is typically documented bronchoscopically in the awake 
patient as well as by dynamic computed tomography scans in 
both inspiratory and expiratory phases of breathing. In a 
10-year period at MGH, fourteen patients underwent a trache-
oplasty procedure that splints the posterior membranous wall of 
the trachea and mainstem bronchi with a strip of Marlex mesh 
[14]. In this series, 8 of 10 patients with long-term  follow-up 
had good results. Two of the patients were elderly at 79 and 
84 years old; both patients had good results, although one 
required 2 days of ventilatory assistance. Although the results 
of this series were considered good, it was in a highly selected 
group of patients. Most patients with some degree of trache-
omalacia likely do not need any operative intervention.

The saber-sheath trachea is often identified incidentally 
on plain chest radiography, which reveals marked coronal 
narrowing of the intrathoracic trachea. In one cohort of 
patients with saber-sheath trachea seen at MGH, the mean 
coronal diameter of the intrathoracic trachea was 10.5 mm as 
compared to a mean saggital diameter of 23 mm [15]. The 
majority of these patients had a significant smoking history 
and suffered from COPD. The age of the patients ranged 
from 52 to 75 years old, and they were predominantly male. 
Although the association with COPD is strong, most patients 
with COPD do not develop the saber-sheath abnormality. 
While the pathophysiology of this disorder is uncertain, there 
has been speculation that the abnormality develops as a con-
sequence of excessive coughing and repetitive injury of the 
tracheal cartilage, which are not malaciac per se. The clinical 
significance of the abnormality is typically minimal, and as 
with tracheobronchial malacia, operative management is 
usually unnecessary. For the rare patient with severe saber-
sheath abnormality, tracheal stenting or a tracheal T-tube 
may be required to maintain airway patency. Awake bron-
choscopy, careful analysis of flow-volume loops, and 
dynamic inspiration–expiration CT scanning all help to 
select the patient that would benefit from airway stenting.

Extrinsic Airway Compression

Extrinsic compression of the airways can occur in a variety 
of circumstances. One particular disorder that may afflict the 
elderly is thyroid goiter that descends into the thorax and 
wraps posteriorly around the trachea [16]. Substernal goiter, 
as this is often referred to, is associated with dyspnea or dys-
phagia in as much as one-third of patients; these patients 
require thyroidectomy to prevent progression of symptoms, 
which may even lead to mortality. The surgical approach for 
substernal goiter is typically via a low-collar incision and 
rarely is sternotomy necessary. It is important to keep in 
mind that a recurrent laryngeal nerve on either side may be 
compromised preoperatively, and that intraoperative dissec-
tion may result in both nerves being compromised at the con-
clusion of the procedure. Careful extubation is necessary, 
and preparation for restoring an airway in the setting of a 
closed glottis is necessary. Another problem to anticipate is 
that the chronic goiter may have caused tracheomalacia, and 
with the removal of the thyroid, expiratory collapse of the 
airway may become evident. If the degree of tracheomalacia 
is significant and pulmonary compromise develops, it may 
be overcome by re-intubation and a repeat attempt at extuba-
tion in a few days. Rarely, a tracheostomy or T-tube may be 
necessary to maintain the airway.

Preoperative Diagnostic Procedures

After a thorough history and physical examination, radio-
graphic and bronchoscopic examinations are performed to 
characterize the nature of the airway lesion. In benign dis-
ease, such as post-intubation stenosis, non-contrast soft tis-
sue plain radiographs of the neck are sufficient. With potential 
for malignancy, CT scanning is essential to delineate the 
extent of disease and possible involvement of adjacent struc-
tures and regional lymphadenopathy. A combination of flex-
ible and rigid bronchoscopy is used to define the type and 
extent of pathology. Rigid bronchoscopy can also alleviate 
tracheal obstruction by coring out tumor or dilating a benign 
stenosis. Rigid bronchoscopy may require a set of pediatric 
bronchoscopes starting with a size 3, and also Jackson dila-
tors that may be passed through a stenosis under direct vision 
through a rigid scope. Biopsy and histopathological assess-
ment of potentially neoplastic lesions also can aid in plan-
ning treatment.

As discussed in earlier chapters, the physiologic assess-
ment of the elderly patient must also be thorough, as comor-
bidities must be well defined and the patient’s status 
optimized. On the other hand, most stable comorbidities, 
such as coronary artery disease, do not preclude elective 
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 airway surgery. An interesting case performed recently at 
MGH was an elderly patient who presented with tracheal 
stenosis (due to prior laryngotracheal trauma) that had pro-
gressively become more symptomatic. Moreover, he had 
symptomatic three-vessel coronary disease. He underwent 
coronary artery bypass grafting, after rigid bronchoscopy 
and dilation. He failed extubation and underwent tracheos-
tomy (performed through the diseased tracheal segment). He 
had an uneventful recovery from his bypass surgery, and 
returned for definitive laryngotracheal resection and recon-
struction 8 weeks after CABG, from which he recovered 
without issues.

Anesthesia

We refer the reader to the excellent chapter on thoracic anes-
thesia in this text and also make some points specific to anes-
thesia for airway surgery. With a compromised airway, it is 
essential that it is under complete control at all times. 
Induction of anesthesia is slow and deliberate, and paralysis 
is avoided unless definitive control of the airway is obtained. 
A slow inhalational anesthetic or total intravenous anesthetic 
(TIVA) technique may be used. Prompt reversal of the anes-
thetic and return of spontaneous ventilation at the conclusion 
of the procedure is necessary, as even brief intubation and 
presence of a cuffed tube is to be avoided after tracheal resec-
tion and reconstruction. If the tracheal lumen is less than 
5 mm in the stenotic segment, dilatation via rigid bronchos-
copy may be necessary to permit endotracheal tube intuba-
tion. During tracheal resection, the endotracheal tube is 
drawn back into the proximal airway while the trachea is 
divided and “cross-field” ventilation is established by intu-
bating the distal trachea in the surgical field. The tube used 
for cross-field ventilation is typically an “armored” tube that 
is made of wire reinforced plastic to prevent kinking. This 
tube may be removed intermittently to permit further dissec-
tion and placement of sutures. Close coordination with the 
anesthesiologist is necessary. Cardiopulmonary bypass, 
although utilized in various reports of airway surgery, has not 
been required in most airway reconstructive cases at MGH.

Tracheostomy in the Elderly

Although tracheostomy placement is perhaps the simplest of 
airway operations, even it has the potential for significant 
complications. The technique we have favored is an open 
surgical technique that carefully positions the tracheostomy 
tube at the appropriate level and avoids the potential for hem-
orrhage and injury to adjacent structures. An orotracheal 

 airway is established, realizing that this may require the use 
flexible or rigid bronchoscopy. The patient is positioned with 
the neck slightly extended. The elderly patient may have a 
cervical spine that does not permit much if any extension, 
and appropriate padding of the occiput is necessary. The 
incision is made not with respect to the sternal notch, but 
rather should be about 1 cm below the level of the cricoid 
cartilage. After going through the platysma and making 
small flaps, the strap muscles are separated. The thyroid isth-
mus is isolated and divided between heavy silk ligatures. 
Division of the isthmus, which typically lies over the second 
tracheal ring, ensures that stomal placement is performed 
through the appropriate rings. Care is taken to preserve the 
tissue surrounding the innominate artery, which may be high 
in some patients. Just prior to making the tracheotomy, the 
cuff is deflated. Our preference is the use of a vertical trache-
otomy through the second and third, and if necessary fourth 
tracheal rings. The incision is kept to the minimum neces-
sary, in order to minimize the injury to the trachea and poten-
tial for scarring. A scissor may be necessary to extend the 
incision, as calcification of the tracheal cartilage is common 
in the elderly. It is important not to make the incision into the 
first tracheal ring, as that is the buffer between the tube and 
the cricoid cartilage. Erosion of the tube into the cricoid car-
tilage has the potential for causing laryngotracheal stenosis. 
A stoma that is too low increases the risk of tracheoinnomi-
nate fistula, and this is also to be avoided. Flaps and resection 
of tracheal wall are typically avoided. The endotracheal tube 
is withdrawn so that its tip lies just above the stoma. 
Retractors, such as the thyroid pole retractor, or tracheal dila-
tors may be used as the appropriate tracheostomy tube is 
introduced. The cuff is inflated, and a swivel connector is 
attached and connected to the ventilator circuit. Traction 
sutures in the trachea are typically not necessary. The skin is 
closed around the tracheostomy tube with interrupted nylon 
sutures. The flange of the tracheostomy tube is sutured to the 
skin at four corners, to prevent accidental extubation.

Care of the tracheostomy tube can be just as important in 
avoiding complications. The cuff must never be overinflated, 
as the low-pressure high-volume cuff can easily become a 
high-pressure cuff with over distention. Diligent monitoring 
of the cuff pressure whenever air is added to the cuff can 
prevent this problem. The swivel, accordion style circuit tub-
ing, and suspension of circuit tubing to avoid undue traction 
on the tracheostomy tube, also help avoid stomal complica-
tions. Adherence to these details should virtually eliminate 
these problems.

The elderly patient undergoing almost any major opera-
tion or recovering from a critical medical illness may need 
prolonged mechanical ventilation. Tracheostomy is typically 
considered once intubation extends beyond 7–14 days, and 
sometimes even earlier. The advantages of a tracheostomy 
are well established and include: improved pulmonary toilet, 
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easier nursing, reduced dead space and airway resistance, 
easier weaning from ventilation, and possibility of eating 
while weaning from the vent. What is less certain in the 
elderly patient population is whether or not tracheostomy is 
justified in the face of a likely poor outcome. One of the few 
studies of tracheostomy in the elderly (mean age 77 years) 
found that over 50% of patients died after tracheostomy, with 
a mean time to death of 31 days [17]. Moreover, a large pro-
portion of patients surviving after tracheostomy never real-
ized the potential advantages of tracheostomy, such as 
ventilator independence and eating (many had undergone 
gastrostomy placement). The authors speculated that age 
was not necessarily the primary predictor of the poor results 
in this study, but rather the severity and nature of the illness 
the patients were suffering. Tracheostomy should not be 
avoided in the elderly; rather, it should be selectively and 
safely used in patients with reasonable chance for recovery.

Tracheal T-Tubes and Airway Stents

Airway surgeons should be experienced with the placement 
and management of tracheal T-tubes and airway stents. T-tubes 
possess a number of advantages compared to tracheostomy 
tubes and airway stents. In most cases, T-tubes permit speech 
more effectively than tracheostomy tubes. Moreover, they are 
not as rigid, and are less likely to injure the airway. Unlike 
silicone airway stents, T-tubes are significantly less likely to 
migrate. Specific indications for placement of tracheal T-tubes 
include need for temporary airway stenting, management of 
complications after airway reconstruction, and definitive pal-
liation of airway stenosis. In one large series of patients man-
aged with T-tubes, the oldest patient was 95 years old [18]. 
The series described very effective management of airway 
stenoses with T-tubes, with approximately one-third of 
patients tolerating T-tubes for longer than 1 year.

While the list of indications for airway stenting is long, 
some sophistication and judgment is necessary to decide 
whether or not a patient will benefit from the procedure. 
Stents are particularly useful in the palliative setting, where 
the patient’s life expectancy is short. This makes stent com-
plications such as migration, obstruction, and granulation 
production less likely.

Laryngotracheal and Tracheal Resection  
for Airway Stenosis and Tumors

There are a number of variables that need to be examined 
before determining how much trachea may be safely resected 
and reanastomosed. Arbitrary numbers such as 5 cm or one 

half of the trachea are not sufficient guidelines when  planning 
an operation for the individual patient. Experience and judg-
ment are necessary to take into consideration a number of 
variables such as age, body habitus, nature of the disease, 
and history of prior airway or mediastinal surgery. Having 
said that lengths of up to 4–5 cm are often resected safely, the 
approach for most benign stenoses and tumors of the upper 
half of the trachea is through a cervical or cervicomediastinal 
approach. The transthoracic approach, through a right thora-
cotomy usually, is reserved for tumors or pathology at the 
distal trachea, carina, or mainstem bronchi.

For a benign stenosis or tumor of the upper trachea, the 
patient has an orotracheal airway established using tech-
niques reviewed above. The patient is positioned supine with 
a bag inflated under the shoulders to slightly extend the neck. 
The hips and knees are slightly flexed. A low-collar incision 
is made for most upper tracheal and laryngotracheal resec-
tions. If there is a tracheal stoma, the incision incorporates it, 
as long as the stoma is not too high in the neck. Skin and 
plastysmal flaps are raised cephalad and caudad to the cri-
coid cartilage and sternal notch, respectively. Two Gelpi 
retractors are used to hold the flaps open. The strap muscles 
are mobilized laterally, and the midline established. Normal 
tracheal anatomy may be lost, particularly in the presence of 
a stoma and significant peristomal scarring. Dissection over 
more normal trachea either proximal or distal to the stoma or 
scar can usually establish some anatomical landmarks. It is 
important to restrict this dissection to the anterior aspect of 
the trachea to avoid injury to the recurrent laryngeal nerves 
and disruption of the lateral blood supply of the trachea. The 
thyroid isthmus should be divided if it has not been previ-
ously, and the thyroid lobes mobilized off of the trachea. 
Again, meticulous dissection just on the tracheal wall is nec-
essary. There is no attempt made to visualize the recurrent 
nerves, which are often obscured by the fibrosis. Lesions that 
are mid-tracheal or lower may require a partial sternotomy to 
increase exposure. A vertical skin incision to the Angle of 
Louis is made perpendicular to the low-collar incision. 
A partial sternotomy is made with the Liebsche knife, after 
carefully making sure the retrosternal space is free of adhe-
sions. A complete sternotomy does not increase exposure, 
and is unnecessary. A pediatric chest retractor is used to hold 
apart the sternal edges. With a partial sternotomy, even the 
distal trachea may be approached.

The initial dissection may or may not expose the extent of 
pathology. At some point, bronchoscopy may be performed 
by the surgeon, and an assistant may introduce a 25-gauge 
needle from the field to mark the location of the stenosis. 
Circumferential dissection may be carefully attempted at the 
distal aspect of the stenosis, where division of the trachea is 
anticipated (Fig. 50.2). If the scar is too dense and makes this 
difficult, the posterior dissection is delayed until after the tra-
chea is partially divided.
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In preparation for tracheal division, sterile tubing for ven-
tilation and an appropriately sized armored endotracheal 
tube are prepared on the field. The trachea is opened anteri-
orly just distal to the stenosis or tumor. Especially with 
benign strictures, the point of distal division is kept very 
close to the lesion as more trachea can always be resected, 
but never restored. A 2-0 Vicryl traction suture is placed in 
both midlateral tracheal walls about 1 cm below the cut edge 
of distal trachea. These are used to assist further dissection 
posteriorly, as the membranous wall is separated from the 
esophagus. The distal divided trachea is intubated with the 
armored endotracheal tube, and cross-field ventilation is 
begun (Fig. 50.3). Circumferential dissection around the 
lesion is carefully performed, and no more than 1 cm of tra-
chea beyond the cut ends should be mobilized. If the proxi-
mal point of tracheal division is at the cricoid, it should be 
noted that no attempt is made to dissect posterior to the cri-
coid cartilage. 2-0 traction sutures are placed in the proximal 
divided trachea as well. With tracheal tumors, pathologic 
assessment of margins is made by frozen section analysis. 
With adenoid cystic carcinoma, microscopically positive 
margins are acceptable so as to not exceed safe limits of 

 tracheal resection. This tumor has a tendency to have micro-
scopic spread along distances that cannot be safely resected; 
moreover, it is very radiosensitive, and most patients will 
receive radiation postoperatively.

The tension with which the two ends will come together 
is tested by having the anesthesiologist flex the neck by pick-
ing up the head, and bringing the two sets of traction sutures 
together. With experience, it will be easy to judge whether or 
not there is excessive tension. There are maneuvers, such as 
a suprahyoid release, which give some mobility to the larynx 
and reduce some tension; however, these are not routinely 
required. The 4-0 Vicryl anastomotic sutures are placed next, 
starting with a suture in the middle of the membranous wall. 
These sutures are clamped to the drapes, as they will be tied 
in the reverse order of placement. Once all sutures are placed, 
the orotracheal tube is advanced across the anastomosis. The 
head is supported with blankets in order to flex the neck. The 
traction sutures are brought together and tied. The anterior 
sutures are tied first, with the assistant crossing the leading 
sutures to reduce tension while tying (Fig. 50.4). The poste-
rior sutures are then tied. The anastomosis is tested by deflat-
ing the endotracheal cuff and applying 30 cm H

2
O of pressure 

through it. The anastomosis should be submerged in saline to 
assess for any air leak. The anastomosis is covered by either 
re-approximating the thyroid isthmus or mobilizing a strap 
muscle and suturing it over its anterior aspect. The sternum 
is re-approximated with wires, if it was divided. The skin is 

Fig. 50.2 Cervicomediastinal exposure. (a) A low-collar cervical inci-
sion (dashed line) is used for most tracheal and laryngotracheal resec-
tions. Additional exposure of the middle and distal trachea is gained by 
adding a vertical extension to the angle of Louis (solid line) and per-
forming a partial sternotomy. (b) The completed incision and partial 
sternotomy, as well as division of the thyroid isthmus (shown with trac-
tion sutures) exposes the stoma, stenotic trachea, and normal distal tra-
chea in this patient (from Grillo [1], used with permission)

Fig. 50.3 Tracheal transection and dissection of stenosis. The trachea 
has been dissected circumferentially just distal to the stenosis, then 
divided and intubated distally for cross-field ventilation. Traction 
sutures (shown in figure) are placed in the mid-lateral wall that assists 
dissection. The traction sutures are tied together when the anastomosis 
is completed (from Grillo [1], used with permission)
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closed over a closed suction drain. A “guardian” stitch from 
the submental skin crease to the presternal skin is placed and 
tied, so that the neck is held in moderate flexion. This stitch 
is to prevent the patient from suddenly extending the neck 
and placing excessive tension on the anastomosis.

The patient is usually extubated at the conclusion of the 
procedure. The airway may be inadequate if there is signifi-
cant laryngeal edema, which may require a brief period of 
intubation; a short course of steroids may be used, and extu-
bation attempted again in 24–48 h. Rarely, a small tracheos-
tomy distal to the anastomosis may be necessary to provide 
an adequate airway. Patients are typically monitored in the 
intensive care unit overnight. They are kept upright to mini-
mize the risk of aspiration and reduce edema. Moreover, 
talking is discouraged. Racemic epinephrine nebulizer ther-
apy and judicious use of diuretics also have a role.

Some of the expected outcomes are discussed above in 
the section on airway pathology. Specific complications that 
may occur include granulation at the anastomosis,  anastomotic 

dehiscence, tracheal restenosis, and wound infection. 
Recently, a retrospective analysis was performed of over 900 
tracheal and laryngotracheal resections at MGH [19]. In this 
study, age under 17 years was identified as a risk factor for 
anastomotic complications, while being elderly was not. The 
mean age of patients in this series was 47 years, and the old-
est patient was 86 years. Significant risk factors that were 
identified included diabetes, resections longer than 4 cm, 
reoperation, and need for tracheostomy preoperatively.

Laryngotracheal resection may be required for lesions 
that involve the distal larynx and the proximal trachea. Post-
intubation stenosis often involves the cricoid cartilage, espe-
cially when the tracheostomy tube erodes through the first 
tracheal ring and into the anterior cricoid. Tumors such as 
invasive thyroid carcinoma also have a tendency to involve 
the inferior larynx, given the location of disease. The goal of 
laryngotracheal resection is to perform an adequate resec-
tion, while still preserving laryngeal competence and func-
tion. This requires sufficient space beneath the vocal cords to 
place anastomotic sutures. It is also dependent on adequate 
glottic function, and otolaryngologic assessment is typically 
advised. When the lesion only involves the anterior cricoid, 
this section of the larynx is resected, preserving the posterior 
cricoid cartilage. Anastomosis requires the distal trachea to 
be slightly beveled to match the proximal airway, as the ante-
rior sutures will be placed in the thyroid cartilage, and the 
posterior sutures will be placed in the slightly caudal cricoid 
cartilage. When there is a cuff injury to the circumference of 
the subglottic space, and the posterior cricoid cartilage is not 
spared, more specialized techniques are necessary [20].

Resection and Reconstruction for Airway 
Esophageal Fistula

The operation for a tracheoesophageal fistula caused by an 
indwelling tracheostomy or endotracheal tube requires a sin-
gle stage procedure in which both an airway stenosis and a 
large tracheoesophageal defect must be simultaneously 
addressed (Fig. 50.5). The patient should be weaned from 
mechanical ventilation, and airway sepsis must have been 
adequately treated. The patient usually has a tracheostomy 
tube whose cuff resides distal to the tracheoesophageal fistula. 
An orotracheal tube is placed, usually under bronchoscopic 
guidance, with care not to intubate the esophagus. A  low-collar 
incision that incorporates the stoma is made as described 
above. The initial dissection is also similar. The division of the 
trachea is followed by on-field intubation of the divided tra-
chea and cross-field ventilation. Division of the trachea gives 
excellent visualization of the defect, and dissection proceeds 
proximally. The proximal limit of the posterior dissection 
is the cricoid cartilage, as the  aerodigestive tract cannot be 

Fig. 50.4 Anastomotic suture placement. (a) The posterior sutures are 
placed first, with each additional suture being placed anterior to the 
previously placed suture. The sutures are tied in reverse order of place-
ment. In this diagram, the right posterolateral sutures and stay sutures 
are omitted for clarity. A few anterior sutures are also shown. (b) The 
completed anastomosis (only the left traction sutures tied together are 
shown) (from Grillo [1], used with permission)
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 separated safely above that level. At times, the length of 
 trachea that is affected is too long for resection, and it may be 
prudent to consider a repair of the posterior aspect of the 
 trachea rather than resecting a long segment of trachea. In this 
case, relatively normal esophagus is left attached to the 
 tracheal walls laterally, and brought together by interrupted 
4-0 Vicryl sutures in the posterior midline, fashioning a new 
membranous trachea. The esophagus is typically redundant, 
and the esophageal lumen will be adequate after the remaining 
esophagus is closed. In other cases, a segment of trachea may 
be safely resected. The esophagus is repaired with two layers 
of interrupted 4-0 silk or Vicryl sutures, which is similar to the 
Sweet technique for esophageal anastomosis. The esophageal 
repair should be buttressed with a strap muscle that has been 
mobilized for this purpose. A tracheal or laryngotracheal 
anastomosis is performed as discussed previously.

An even rarer lesion is an acquired bronchoesophageal  fistula 
from inflammatory etiologies such as tuberculosis or  iatrogenic 
trauma. These lesions are approached via thoracotomy. 
Resectional therapy is typically not necessary, as the esophagus 
and bronchus may be repaired primarily [21]. Intercostal  muscle 
flap interposition between the bronchial and esophageal suture 
lines is considered vital to the success of this repair. A thora-
cotomy is the typical approach for this procedure.

Carinal Reconstruction

The pathologic entities that may require carinal resection are 
bronchogenic cancer, other neoplasms (such as adenoid cys-
tic carcinoma and mucoepidermoid tumor), and benign or 

inflammatory strictures, in descending order of frequency. 
Specialized techniques have been developed to manage these 
lesions, which are relatively rare.

Patient evaluation and preparation is important, as for any 
other airway or pulmonary resection. Steroid therapy, espe-
cially high dose, should be tapered prior to resection, and is 
a relative contraindication. Likewise, any prior radiation to 
the mediastinum should be concerning, and provisions for 
omental mobilization to wrap the anastomosis must be made. 
The patient must be able to tolerate a thoracotomy, and 
mechanical ventilation ought to be avoided postoperatively. 
CT scanning to assess the extent and nature of airway 
involvement, local invasion, and possible metastatic lymph-
adenopathy is essential. A careful metastatic survey should 
also be performed. Cervical mediastinoscopy as a separate 
prior operation should be avoided, as fibrosis of the tissues 
surrounding the trachea will impair its mobility, which is 
important for reducing tension on the anastomosis. While 
some lesions may be amenable to simple carinal resection 
and anastomosis of a neo-carina (fashioned from the orifices 
of the mainstem bronchi) to the distal trachea (Fig. 50.6), 
other lesions will require resection of distal trachea, proxi-
mal bronchi, or both. There are strict limits to how much 
airway can be resected and safely reconstructed; certain 
extensive tumors in this region may be better served by 
definitive radiotherapy.

Mediastinoscopy is performed to assess for resectability, 
and to develop the pretracheal plan, which enhances tracheal 
mobility and reduces tension on the anastomosis. The 
approach to the carina is typically via a right thoracotomy, 
although a left thoracotomy or a clamshell incision will be 
necessary to operate in the circumstance of the rare left 

Fig. 50.5 Post-intubation 
tracheoesophageal fistula.  
(a) Anterior view of tracheoe-
sophageal fistula with cricoid 
cartilage (a), stoma (b), fistula 
(c), and circumferential tracheal 
stenosis (d) identified. (b) 
Saggital view of tracheoesopha-
geal fistula (from Grillo [1], used 
with permission)



60950 Surgery of the Trachea and Bronchi in the Elderly

 carinal pneumonectomy. Although some surgeons have 
advocated using median sternotomy for approaching the 
carina, at MGH we have found access through this incision 
lacking and only useful for the simplest of carinal recon-
structions. Assessment for resectability of a tumor should be 
made at this time. There are cases in which concomitant 
superior vena cava or esophageal resection may be neces-
sary. If resection appears feasible, the inferior pulmonary 
ligament is divided, and a U-shaped incision is made in the 
infrahilar pericardium. This maneuver, an infrahilar release, 
provides some mobility to the proximal bronchus, reducing 
tension on the anastomosis. Suprahyoid release, in our expe-
rience, does not increase mobility of the distal trachea, and is 
not useful.

Jet ventilation should be available and may be necessary, 
especially when completing the anastomosis. Initially, an 
extra-long single-lumen tube is advanced bronchoscopically, 
allowing for single-lung ventilation. After the airway is 
divided, the away or “down” bronchus may be intubated on 
the field and cross-field ventilation is used. Intermittent ven-
tilation and other strategies, such as jet ventilation, may be 
necessary during certain parts of the dissection and creation 
of the anastomosis.

The distal trachea and proximal mainstem bronchi are dis-
sected and isolated, usually with umbilical tape. Care is taken 
not to injure the left recurrent nerve or the aortic arch, when 
dissection of the left mainstem bronchus is performed. 
Extensive lymphadenectomy is avoided, out of concern for 

devascularization of the airway, and the risk to the  anastomosis. 
A pulmonary resection (either lobectomy or pneumonec-
tomy) may be combined with the carinal resection, depending 
on the extent of tumor. Once the carinal resection is complete, 
the surgeon must determine the best way to reconstruct the 
airway. If any amount of trachea is resected along with the 
carina, the reconstruction will typically require an end-to-end 
anastomosis of the distal trachea to a mainstem bronchus, and 
an end-to-side anastomosis between the remaining bronchus 
and the trachea or contralateral bronchus. The most common 
reconstruction in cases of carinal resection without pneumo-
nectomy is an end-to-end anastomosis of trachea to the left 
mainstem bronchus, and end-to-side anastomosis of the right 
mainstem bronchus to the trachea. The anastomotic technique 
is similar to that of the tracheal anastomosis, with 3-0 Vicryl 
traction sutures and interrupted 4-0 Vicryl sutures to com-
plete the anastomosis. The anastomosis should be wrapped 
with a flap. While a pedicled pericardial fat pad is usually suf-
ficient, in patients who have received preoperative radiation, 
a pedicled omental flap is recommended.

Although the mortality from carinal resections performed 
at MGH is acceptable at 12.7%, it is significantly higher than 
that of isolated tracheal resections or bronchoplastic resec-
tions. The primary risk factors were need for postoperative 
mechanical ventilation, extent of resected airway, and the 
occurrence of an anastomotic complication. Age, in this 
series, was examined, and was not an independent risk factor 
for complications [22].

Fig. 50.6 Carinal reconstruction after resection of the carina alone. 
(a) Interrupted sutures joining the two mainstem orifices are placed to 
construct a neo-carina. A mattress suture then is placed to join the ante-
rior trachea wall with the neo-carina. Simple interrupted sutures are 
placed proportionally between the anterior tracheal wall and the bron-

chi. Further sutures are placed between the membranous wall of the 
trachea and bronchi. Finally, another mattress suture will be required at 
the confluence of the membranous wall of the trachea and the two bron-
chi. (b) Completed anastomosis (tied sutures, including traction sutures, 
are shown) (from Grillo [1], used with permission)
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Main and Lobar Bronchoplasty

The ideal lesion suitable for main or lobar bronchoplasty is 
the benign or low-grade lesion that affects a lobe or bron-
chus that is anatomically suitable for “sleeve” resection. 
Bronchoplasty may also be utilized in resecting malignant 
lesions, as long as basic oncologic principles are not vio-
lated. The goal is to preserve physiologically functioning 
lung that would have otherwise been sacrificed by resection 
of the airway.

Sleeve resection may be “obligatory” in patients with 
minimal pulmonary reserve, and advanced age should not be 
a contraindication. As with carinal resection, high-dose cor-
ticosteroid use, active bronchial inflammation, and signifi-
cant radiation history are all relative contraindications to 
bronchoplasty. Steroids can typically be weaned to very low 
doses or eliminated prior to bronchoplasty. Bronchial inflam-
mation, especially with tuberculosis, must be limited and 
controlled with medical therapy. With respect to radiation, 
the more remote the radiation history, especially with doses 
greater than 5,000 Gy, the more likely that postoperative 
dehiscence or stenosis may complicate bronchoplasty. 
Neoadjuvant therapy that is administered several weeks 
before bronchoplasty has not been associated with increased 
complications in most series. Anastomotic complications 
should be ameliorated by the liberal use of flaps. Pericardial 
fat pad flaps are appropriate and sufficient for most broncho-
plasties. Omentum, however, is more robust and should be 
considered for resections considered to be at higher risk. 
Post-obstructive pneumonia or atelectasis also should not be 
considered contraindications. Coring out of tumor and aspi-
ration bronchoscopy can be used to improve the state of lung 
that will be saved by bronchoplasty.

The techniques for bronchoplasty are similar to that used 
for any airway resection. Meticulous and gentle dissection 
is necessary to avoid injury to the bronchial ends that are to 
be anastomosed. Although there might be a size discrep-
ancy between the two bronchial ends being anastomosed, 
no attempt is made to specially tailor the ends. Rather, pro-
portional spacing of sutures, and possible intussuception of 
the airway are used to complete the anastomosis. We have 
relied on an interrupted suture technique with absorbable 
sutures (Vicryl) that have virtually eliminated granulation, 
and are ideal for placement and tying. Traction sutures, 3-0 
Vicryl rather than 2-0 Vicryl that is used for tracheal resec-
tions, are placed in the midlateral walls of the bronchial 
ends. Interrupted sutures are placed, so that the knots will 
be tied on the outside. Sutures are placed in an ordered 
fashion so that tying will be systematic and not be impeded 
by previously placed sutures. The traction sutures are tied 
first, and then typically the anterior sutures, followed by the 
posterior sutures. The sutures are cut as they are tied. A flap 

of pericardial fat or omentum is used to wrap the  anastomosis 
and separate it from the adjacent pulmonary artery. An 
intercostal or other muscle flap may also be used. 
Bronchoscopy is performed to suction secretions and assure 
a proper anastomosis was performed. Ideally, postoperative 
ventilation will be avoided. Routine postoperative bron-
choscopy on postoperative day 7 is done to confirm normal 
healing.

Although any lobe may be resected by bronchoplasty, the 
most common “sleeve” resections are the right upper lobe 
followed by left upper lobe sleeve resections. The bronchop-
lasty may also require tangential or sleeve resections of the 
pulmonary artery, if the tumor cannot be dissected away or 
invades it. The reader is referred to texts and publications 
that review the specific bronchoplasties and adjunctive tech-
niques that have been developed [23].

There are several large series of bronchoplastic resections 
from a variety of centers. Recently, MGH published a retro-
spective review of 196 bronchoplastic resections performed 
between 1980 and 2007 [24]. In this series, the mean age of 
the patients was 54 years, with the range being 13–87 years. 
The overall mortality in this series was 2%, while the mor-
bidity rate was 37%. Five-year survival for non-small-cell 
lung cancer patients undergoing bronchoplasty was 44%. 
The local recurrence rate was 17%. A multivariate analysis 
was performed looking for risk factors for all complications 
and anastomotic complications specifically. In this analysis, 
age greater than 70 years was an independent risk factor for 
complications, although not for anastomotic complications. 
Anastomotic complications were more likely in patients 
receiving neoadjuvant therapy, although this contradicts sev-
eral other studies that found no such association. At MGH, 
we do not believe neoadjuvant therapy should be considered 
a contraindication. Rather, we believe that meticulous tech-
nique and flap coverage of the anastomosis are even more 
important in these cases. Other studies have also found that 
while overall morbidity, including complications such as 
pneumonia and need for bronchoscopy, may be higher in the 
elderly, anastomotic complications themselves are not more 
likely in the elderly.

Conclusion

Airway surgery requires mature surgical judgment and 
excellent technique in order to be performed safely and to 
ensure good outcomes. There are a number of principles 
applicable to surgery on any segment of the airway. The 
elderly offer no specific challenges that cannot be sur-
mounted by attention to detail in patient evaluation,  operating, 
and postoperative care.
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Charlson Comorbidity Index

Weighting of the clinical conditions present among second-
ary diagnoses.
Weight Clinical condition

1 Myocardial infarct
Congestive vascular disease
Peripheral vascular disease
Dementia
Cerebrovascular disease
Chronic pulmonary disease
Conjunctive tissue disease
Slight diabetes, without complications
Ulcers
Chronic diseases of the liver or cirrhosis

2 Hemiplegia
Moderate or severe kidney disease
Diabetes with complications
Tumors
Lukemie
Lymphoma

3 Moderate or severe liver disease
6 AIDS

Source: Reprinted from Charlson ME, Pompei P, Ales KL, MacKenzie 
CR. A new method of classifying prognostic comorbidity in longitudinal 
studies: development and validation. J Chronic Dis. 1987;40:373–83. 
Copyright 1987, with permission from Elsevier

American Society of Anesthesiologists 
Physical Status (ASA)

P1 A normal healthy patient
P2 A patient with mild systemic disease
P3 A patient with severe systemic disease
P4 A patient with severe systemic disease that is 

a constant threat to life
P5 A moribund patient who is not expected to 

survive without the operation
P6 A declared brain-dead patient whose organs 

are being removed for donor purposes

Source: American Society of Anesthesiologists. New classification of 
physical status. Anesthesiology. 1963;24:111, material is in the public 
domain

Appendix A: Indices

M.R. Katlic (ed.), Cardiothoracic Surgery in the Elderly, DOI 10.1007/978-1-4419-0892-6,  
© Springer Science+Business Media, LLC 2011
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Mini-Mental Status Examination

The mini-mental status examination offers a quick and simple 
way to quantify cognitive function and screen for cognitive 
loss. It tests the individual’s orientation, attention, calculation, 
recall, language, and motor skills.
Each section of the test involves a related series of questions 
or commands. The individual receives one point for each 
correct answer.

To give the examination, seat the individual in a quiet, 
well-lit room. Ask him/her to listen carefully and to answer 
each question as accurately as he/she can.

Don’t time the test but score it right away. To score, add 
the number of correct responses. The individual can receive 
a maximum of 30 points.

A score below 20 usually indicates cognitive impairment.
Name: _________________________DOB:___________
Years of School: _______________Date of Exam: _______

Orientation to time Correct Incorrect

What is today’s date?  
What is the month?  
What is the year?  
What is the day of the week?  
What season is it?  

Total: ___

Orientation to place
Whose home is this?  
What room is this?  
What city are we in?  
What country are we in?  
What state are we in?  

Total: ___

Immediate recall
Ask if you may test his/her memory. Then say “ball,” “flag,” “tree,” 
clearly and slowly, about 1 s for each. After you have said all three 
words, ask him/her to repeat them – the first repetition determines the 
score (0–3):
Ball  
Flag  
Tree  

Total: ___

Attention
A) Ask the individual to begin with 100 and count backwards  

by 7. Stop after 5 subtractions. Score the correct subtractions.
93  
86  
79  
72  
65  

Total: ___
B) Ask the individual to spell the word “WORLD” backwards.  

The score is the number f letters in correct position.
D  
L  
R  
O  
W  

Total: ___

Delayed verbal recall
Ask the individual to recall the three words you previously asked 

him/her to remember.
Ball  
Flag  
Tree  

Total: ___

Naming
Show the individual a wristwatch and ask him/her what it is. Repeat 

for pencil
Watch  
Pencil  

Total: ___

Repetition
Ask the individual to repeat the following:
“No if, ands, or buts”  

Total: ___

3-stage command
Give the individual a plain piece of paper and say, “Take the paper in 

your hand, fold it in half, and put it on the floor.”
Takes  
Folds  
Puts  

Total: ___

Appendix B: Function
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Orientation to time Correct Incorrect

Reading
Hold up the card reading: “Close your eyes” so the individual can see 
it clearly. Ask him/her to read it and do what it says. Score correctly 
only if the individual actually closes his/her eyes.

 
Writing
Give the individual a piece of paper and ask him/her to write a sen-
tence. It is to be written spontaneously. It must contain a subject and 
verb and be sensible.

 
Copying
Give the individual a piece of paper and ask him/her to copy a design 
of two intersecting shapes. One point is awarded for correctly copying 
the shapes. All angles on both figures must be present, and the figures 
must have one overlapping angle.

 

Total score: ____
Source: Folstein MF, Folstein SE, McHugh PR. Mini-mental state: a 
practical method for grading the cognitive state of patients for the clini-
cian. J Psychiatr Res. 1975;12:189–98

Mini-Cog

The Mini-Cog Assessment Instrument  
for Dementia

The Mini-Cog assessment instrument combines an uncued 
3-item recall test with a clock-drawing test (CDT). The Mini-
Cog can be administered in about 3 min, requires no special 
equipment, and is relatively uninfluenced by level of educa-
tion or language variations.

Administration

The test is administered as follows:
 1. Instruct the patient to listen carefully and remember three 

unrelated words and then to repeat the words.
 2. Instruct the patient to draw the dace of a clock, either on a 

black sheet of paper, or on a sheet with the clock circle 
already drawn on the page. After the patient puts the num-
bers on the clock face, ask him or her to draw the hands of 
the clock to read a specific time, such as 11:20. These 
instructions can be repeated, but no additional instructions 
should be given. Give the patient as much time as needed to 
complete the task. The CDT serves as the recall distractor.

 3. Ask the patient to repeat the three previously presented words.

Scoring

Give 1 point for each recalled word after the CDT distractor. 
Score 1–3.

A score of 0 indicates positive screen for dementia.
A score of 1 or 2 with an abnormal CDT indicates positive 

screen for dementia.
A score of 1 or 2 with a normal CDT indicates a negative 

screen for dementia.
A score of 3 indicates negative screen for dementia.
The CDT is considered normal if all numbers are present in 

the correct sequence and position, and the hands readably 
display the requested time.

Source: Borson S, Scanlan J, Brush M, Vitalino P, Dokmak 
A. The mini-cog: a cognitive “vital signs” measure for 
dementia screening in multilingual elderly. Int J Geriatr 
Psychiatry. 2000;15(11):1021–7.

Geriatric Depression Scale

Patient_______________ Examiner___________________ 
Date____________

Directions to patient: Please choose the best answer for 
how you have felt over the past week.

Directions to examiner: Present questions VERBALLY. 
Circle answer given by patient. Do not show to patient.

 1. Are you basically satisfied with your 
life?

yes no (1)

 2. Have you dropped many of your 
activities and interests?

yes (1) no

 3. Do you feel that your life is empty? yes (1) no
 4. Do you often get bored? yes (1) no
 5. Are you hopeful about the future? yes no (1)
 6. Are you bothered by thoughts you can’t 

get out of your head?
yes (1) no

 7. Are you in good spirits most of the 
time?

yes no (1)

 8. Are you afraid that something bad is 
going to happen to you?

yes (1) no

 9. Do you feel happy most of the time? yes no (1)
10. Do you often feel helpless? yes (1) no
11. Do you often get restless and fidgety? yes (1) no
12. Do you prefer to stay at home rather 

than go out and do things?
yes (1) no

13. Do you frequently worry about the 
future?

yes (1) no

14. Do you feel you have more problems 
with memory than most?

yes (1) no

15. Do you think it is wonderful to be alive 
now?

yes no (1)

16. Do you feel downhearted and blue? yes (1) no
17. Do you feel pretty worthless the way 

you are now?
yes (1) no

(continued)
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18. Do you worry a lot about the past? yes (1) no

19. Do you find life very exciting? yes no (1)
20. Is it hard for you to get started on new 

projects?
yes (1) no

21. Do you feel full of energy? yes no (1)
22. Do you feel that your situation is 

hopeless?
yes (1) no

23. Do you think that most people are 
better off than you are?

yes (1) no

24. Do you frequently get upset over little 
things?

yes (1) no

25. Do you frequently feel like crying? yes (1) no
26. Do you have trouble concentrating? yes (1) no
27. Do you enjoy getting up in the 

morning?
yes no (1)

28. Do you prefer to avoid social 
occasions?

yes (1) no

29. Is it easy for you to make decisions? yes no (1)
30. Is your mind as clear as it used to be? yes no (1)

Total: Please sum all bolded answers (worth one point) for a total score. 
_______________
Scores: 0–9 Normal 10–19 Mild depressive 20–30 Severe 

depressive
Source: Reprinted from Yesavage JA, Brink TL, Rose TL, et al. 
Development and validation of a geriatric depression screening scale: a 
preliminary report. J Psychiatric Res. 1983;17:37–49, Copyright 1983, 
with permission from Elsevier

Geriatric Depression Scale (Short Form)

Geriatric depression scale (short form)
Patient’s Name:__________________Date: ___________

Instructions: Choose the best answer for how you felt over 
the past week.
No. Question Answer Score

1. Are you basically satisfied with your 
life?

Yes/No

2. Have you dropped many of your 
activities and interests?

Yes/No

3. Do you feel that your life is empty? Yes/No
4. Do you often get bored? Yes/No
5. Are you in good spirits most of the 

time?
Yes/No

6. Are you afraid that something bad is 
going to happen to you?

Yes/No

7. Do you feel happy most of the time? Yes/No
8. Do you often feel helpless? Yes/No
9. Do you prefer to stay at home, rather 

than going out and doing new 
things?

Yes/No

10. Do you feel you have more problems 
with memory than most?

Yes/No

11. Do you think it is wonderful to be 
alive?

Yes/No

12. Do you feel pretty worthless the way 
you are now?

Yes/No

13. Do you feel full of energy? Yes/No
14. Do you feel that your situation is 

hopeless?
Yes/No

15. Do you think that most people are 
better off than you are?

Yes/No

Total:

Scoring:
Assign one point for each of these answers:
1. NO 4. YES 7. NO 10. YES 13. NO

14. YES
15. YES

2. YES 5. NO 8. YES 11. NO
3. YES 6. YES 9. YES 12. YES

A score of 0–5 is normal. A score above 5 suggests depression.

Source: Reprinted from Yesavage JA, Brink TL, Rose TL, et al. 
Development and validation of a geriatric depression screening scale: a 
preliminary report. J Psychiatric Res. 1983;17:37–49, Copyright 1983, 
with permission from Elsevier
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Activities of Daily Living (ADL)

Katz index of independence in activities of daily living

Activities Independence Dependence
Points (1 or 0) (1 point) (0 points)

NO supervision, direction or personal assistance WITH supervision, direction, personal 
assistance or total care

BATHING (1 POINT) Bathes self completely or needs help in 
bathing only a single part of the body such as the 
back, genital area or disabled extremity.

(0 POINTS) Need help with bathing more than 
one part of the body, getting in or out of the 
tub or shower. Requires total bathing.

Points: __________________

DRESSING (1 POINT) Gets clothes from closets and drawers and 
puts on clothes and outer garments complete with 
fasteners. May have help tying shoes.

(0 POINTS) Needs help with dressing self of 
needs to be completely dressed.Points:___________________

TOILETING (1 POINT) Goes to toilet, gets on and off, arranges 
clothes, cleans genital area without help.

(0 POINTS) Needs help transferring to the toilet, 
cleaning self or uses bedpan or commode.Points: __________________

TRANSFERRING (1 POINT) Moves in and out of bed or chair unassisted. 
Mechanical transfer aids are acceptable.

(0 POINTS) Needs help moving from bed to 
chair or requires complete transfer.Points: __________________

CONTINENCE (1 POINT) Exercises complete self control over urination 
and defecation.

(0 POINTS) Is partially or totally incontinent of 
bowel or bladder.Points: __________________

FEEDING (1 POINT) Gets food from plate into mouth without help. 
Preparation of food may be done by another person.

(0 POINTS) Needs partial or total help with 
feeding or required parenteral feeding.Points: __________________

Total points: ___________

Score of 6 = High, patient is independent

Score of 0 = Low, patient is very dependent

Source: Adapted from Katz S, Down TD, Cash HR, et al. Progress in the development of index of ADL. Gerontologist. 1970;10:20–30. Copyright 
© The Gerontological Society of America. Used by permission of Oxford University Press

Instrumental Activities of Daily Living (IADL)

INSTRUMENTAL SCTIVITEIES OF DAILY LIVING SCALE (IADL)
M.P. Lawton and E.M. Brody

Source: Lawton MP, Brody EM. Assessment of older people; self-maintaining and instrumental activities of daily living. Gerontologist. 1969;9:179–86. 
Copyright © The Gerontological Society of America. Used by permission of Oxford University Press

A. Ability to use telephone
1. Operates telephone on own initiative; looks up and dials 

numbers, etc.
1

2. Dials a few well-known numbers. 1
3. Answers telephone but does not dial. 1
4. Does not use telephone at all. 0

B. Shopping
1. Takes care of all shopping needs independently. 1
2. Shops independently for small purchases. 0
3. Needs to be accompanied on any shopping trip. 0
4. Completely unable to shop. 0

C. Food preparation
1. Plans, prepares, and serves adequate meals independently. 1
2. Prepares adequate meals if supplied with ingredients. 0
3. Heats serves and prepares meals or prepares meals but does 

not maintain adequate diet.
0

4. Needs to have meals prepared and served. 0

D. Housekeeping
1. Maintains house alone or with occasional assistance (e.g., 

“heavy work domestic help”).
1

2. Performs light daily tasks such as dish washing, bed making. 1
3. Performs light daily tasks but cannot maintain acceptable 

level of cleanliness.
1

4. Needs help with all home maintenance tasks. 1
5. Does not participate in any housekeeping tasks. 0

E. Laundry
1. Does personal laundry completely. 1
2. Launders small items; rinses stockings, etc. 1
3. All laundry must be done by others. 0

F. Mode of transportation
1. Travels independently on public transportation or drives own car. 1
2. Arranges own travel via taxi, but does not otherwise use 

public transportation
1

3. Travels in public transportation when accompanied by 
another.

1

4. Travel limited to taxi or automobile with assistance of another. 0
5. Does not travel at all. 0

G. Responsibility for own medications
1. Is responsible for taking medication in correct dosages at 

correct time.
1

2. Takes responsibility if medication is prepared in advance in 
separate dosage.

0

3. Is not capable of dispensing own medication. 0

H. Ability to handle finances
1. Manages financial matters independently (budgets, writes 

checks, pays rent, bills, goes to bank), collects and keeps 
track of income.

1

2. Manages day-to-day purchases, but needs help with banking, 
major purchases, etc.

1

3. Incapable of handling money. 0
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Karnofsky Score

100% – normal, no complaints, no sign of disease.•	
90% – capable of normal activity, few symptoms or signs •	
of disease.
80% – normal activity with some difficulty, some symp-•	
toms or signs.
70% – caring for self, not capable of normal activity or •	
work.
60% – requiring some help, can take care of most per-•	
sonal requirements.
50% – requires help often, requires frequent medical •	
care.
40% – disabled, requires special care and help.•	
30% – severely disabled, hospital admission indicated but •	
no risk of death.
20% – very ill, urgently requiring admission, requires •	
supportive measures or treatment.
10% moribund, rapidly progressive fatal disease •	
processes.
0% – death.•	

Source: From Karnofsky DA, Burchenal JH. The clinical 
evaluation of chemotherapeutic agents in cancer. In: MacLeod 
CM, editor. Evaluation of chemotherapeutic agents. 
Columbia: Columbia University Press; 1949. p. 196. 
Copyright © 1949 Columbia University Press. Reprinted 
with permission of the publisher.

Eastern Cooperative Oncology Group 
(ECOG)/Zubrod Score

0 – Asymptomatic (fully active, able to carry on all pre-•	
disease activities without restriction).
1 – Symptomatic but completely ambulatory (restricted in •	
physical strenuous activity but ambulatory and able to 
care out work of a light or sedentary nature (for example, 
light housework, office work)).
2 – Symptomatic, <50% in bed during the day (ambula-•	
tory and capable of all self-care but unable to carry out 
any work activities. Up and about more than 50% of wak-
ing hours).
– Symptomatic, >50% in bed, but not bedbound (capable •	
of only limited self-care, confined to bed or chair 50% or 
more of waking hours).
– Bedbound (completely disabled; cannot carry on any •	
self-care; totally confined to bed or chair).
– Death.•	

Source: Oken MM, Creech RH, Tormey DC, et al. Toxicity 
and response criteria of the Eastern Cooperative Oncology 
Group. Am J Clin Oncol. 1982;5(6):649–66.
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Six-Minute Walk Test

Standardization of the six-minute walk test (6MWT) is very 
important.

At the commencement of pulmonary rehabilitation, the 
6MWT must be performed on two occasions to account for a 
learning effect. Please note that:

The best distance walked in meters is recorded.•	
If the two tests are performed on the same day, at least •	
30 min rest should be allowed between tests. Debilitated 
individuals may require tests to be performed on separate 
days, preferably less than one week apart.

The walking track should be the same layout for all  �

tests for a patient:
The track may be a continuous track (oval or rectangu- �

lar) or a point-to-point (stop, turn around, go) track. 
The minimum recommended length for a center-based  �

walking track is 25 m and could be marked in meter 
increments.

Note: If you do not have access to a 25 m track, make sure 
you use the same track for all tests and be aware that the 
distance walked may be less due to the patient having to slow 
down and turn more often in six minutes.

A comfortable ambient temperature and humidity should •	
be maintained for all tests. 
The information from the 6MWT can be used to prescribe •	
the intensity of walking exercise.

6MWT Equipment

The equipment needed to conduct the 6MWT is described in 
the below checklist.
What do I need for the six-minute walk test? Yes No

Do I have access to a health professional trained in 
CPR and with the expertise to run the test?

Do I have access to a flat continuous (oval or 
rectangular) or point-to-point (stop, turn around, 
go) walking track at least 25 m in length?

Is the walking track clear of hospital traffic and 
obstacles, with minimal blind turns?

Can the walking test be conducted in a comfortable 
ambient temperature and humidity?

Do I have a stethoscope?
Do I have a sphygmomanometer?
Do I have a pulse oximeter?
Do I have a stopwatch?
Do I have a portable oxygen delivery system?
Do I have chairs positioned to allow for patient rest?
Do I have a dyspnea scale?
Do I have measuring tape or can the walking track be 

marked in 1 m ingrements?

Before the 6MWT

Ensure that you have already obtained a medical history •	
of the patient and have taken into account any precautions 
or contraindications to exercise testing.
Instruct the patient to dress comfortably, wear appropriate •	
footwear and to avoid eating for at least two hours before 
the test (where possible or appropriate). 
Any prescribed inhaled bronchodilator medication should •	
be taken within one hour of testing or when the patient 
arrives for testing.
The patient should rest for at least 15 min before begin-•	
ning the 6MWT.
Record:•	

Blood pressure �

Heart rate �

Oxygen Saturation �

Dyspnea score.* �

*Note: Show the patient the dyspnea scale (i.e., Borg scale) 
and give standardized instructions on how to obtain a score.

Instructions for the 6MWT

Instructions and encouragement must be standardized.

Tip: Put the instructions on a laminated card and read them 
out to each patient

Appendix C: Physiologic

(continued)
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Before the Test

Describe the walking track to the patient and then give the 
patient the following instructions:

“You are now going to do a six-minute walk test. The 
object of the test is to walk as quickly as you can for 
6 min (around the track; up and down the corridor, etc. 
depending on your track set up) so that you cover as 
much ground as possible.”

You may slow down if necessary. If you stop, I want you 
to continue to walk again as soon as possible. You will 
be regularly informed of the time and you will be 
encouraged to do your best. Your goal is to walk as far 
as possible in 6 min.

Please do not talk during the test unless you have a prob-
lem or I ask you a question. You must let me know if 
you have any chest pain or dizziness.

When the 6 min is up, “I will ask you to stop wherever 
you are. Do you have any questions?”

Begin the test by instructing the patient to:
“Start walking now.”

During the Test

Monitor the patient for untoward signs and symptoms.
Use the following standard encouragements during the test:

At minute one: “Five minutes remaining (•	 patient name). 
Do your best!”
At minute two: “Four minutes remaining (•	 patient name). 
You’re doing well, keep it up!”
At minute three: “Half way – 3 min remaining (•	 patient 
name). Do your best!”
At minute four: “Two minutes remaining (•	 patient name). 
You’re doing well – keep it up!”
At minute five: “One minute remaining (•	 patient name). 
Do your best!”

At the End of the 6MWT

Put a marker on the distance walked.•	
Seat the patient or, if the patient prefers, allow the patient •	
to stand.

Note: The measurements taken before and after the test 
should be taken with the patient in the same position.

Immediately record oxygen saturation (SpO•	
2
)%, heart 

rate, and dyspnea rating on the 6MWT recording sheet.
Measure the excess distance with a tape measure and tally •	
up the total distance.

The patient should remain in a clinical area for at least 
15 min following an uncomplicated test.

Clinical Notes

Normally, the clinician does not walk with the patient during 
the test to avoid the problem of setting the walking pace. The 
pulse oximeter should be applied immediately if the patient 
chooses to rest, and at the completion of the 6-min walking 
period. Any delay may result in readings being recorded that 
are not representative of maximum exercise response.

In some instances, the clinician may choose to walk with 
the patient for the entire test (e.g., if continuous oximetry is 
desired). If this is the case, the clinician should try to walk 
slightly behind the patient to avoid setting the walking pace. 
Alternatively, if the oximeter is small and lightweight, it may 
be attached to the patient and checked throughout the test 
without interfering with walking pace.

If the Patient Stops During the Six Minutes

Allow the patient to sit in a chair if they wish.•	
Measure the SpO•	 2

% and heart rate.
Ask patient why they stopped.•	
Record the time the patient stopped (but keep the watch •	
running).
Give the following encouragement (repeat this encour-•	
agement every 15 s if necessary):
“Begin walking as soon as you feel able.”•	
Monitor the patient for untoward signs and symptoms.•	

Stop the Test in the Event of Any of the Following

Chest pain suspicious for angina.•	
Evolving mental confusion or lack of coordination.•	
Evolving light-headedness.•	
Intolerable dyspnea.•	
Leg cramps or extreme leg muscle fatigue.•	
Persistent SpO•	

2
 < 85%.

Any other clinically warranted reason.•	

Predicted Normal Values for the 6MWT

The following predictive equations use the reference values 
determined from a study that performed two 6MWTs accord-
ing to the above protocol (for further details see Jenkins S, 
Cecins N, Camarri B, Williams C, Thompson P, Eastwood P. 
Regression equations to predict 6 min walk distance in mid-
dle-aged and elderly adults. Physiother Theory Pract. 
2009;25(7):1–7).

Predictive equation for males: 6MWD (m) = 867 − (5.71 •	
age, yrs) + (1.03 height, cm)
Predictive equation for females: 6MWD (m) = 525 − (2.86 •	
age, yrs) + (2.71 height, cm)
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Source: American Thoracic Society Board of Directors. ATS 
statement: guidelines for the six-minute walk test. Am J 
Respir Crit Care Med. 2002;166:111–7. Reprinted with per-
mission of the American Thoracic Society. Copyright © 
American Thoracic Society.

Shuttle Walk Test

Incremental Shuttle Walking Test

The incremental shuttle walking test (ISWT) was developed 
to simulate a cardiopulmonary exercise test using a field 
walking test.

Note: The ISWT is available from Dr Sally Singh, 
Department of Respiratory Medicine, Glenfield Hospital 
NHS Trust, Groby Road, Leicester LE3 9QP, UK or email: 
leslie.shortt@uhl-tr.nhs.uk.

The patient is required to walk between two cones in time •	
to a set of auditory beeps played on a CD.
Initially, the walking speed is very slow, but each minute •	
the required walking speed progressively increases.
The patient walks for as long as they can until they are •	
either too breathless or can no longer keep up with the 
beeps at which time, the test ends.
The number of shuttles (laps between the cones) is •	
recorded. Each shuttle represents a distance of 10 m.
The results of the ISWT can be used to prescribe the •	
intensity of walking exercise.

Standardization

Standardization of the ISWT is very important for obtaining 
meaningful outcomes.

The ISWT must be measured on two occasions to account 
for a learning effect. Please note that:

The best result is recorded.•	
If the repeat test is performed on the same day, 30 min rest •	
should be allowed between tests.
Debilitated individuals may require tests to be performed on •	
separate days, but aim for tests to be less than 1 week apart.
Only standardized instructions from the CD should be •	
used. In contrast to the six-minute walking test, no encour-
agement should be given throughout the ISWT.
A comfortable ambient temperature and humidity should •	
be maintained for all tests.
The walking track must be the same for all tests for a •	
patient:

Cones are placed 9 m apart. �

The distance walked around the cones is 10 m. �

ISWT Equipment

The equipment needed to conduct the ISWT is identified in 
the below checklist.
What do I need for the incremental shuttle walking test? Yes No

Do I have access to a health professional trained in CPR  
and with the expertise to run the test?

Do I have access to a flat, straight walking track at least  
10 m in length?

Is the walking track clear of hospital traffic and obstacles?
Can the walking test be conducted in a comfortable ambient 

temperature and humidity?
Do I have a stethoscope?
Do I have a sphygmomanometer?
Do I have a pulse oximeter?
Do I have two cones?
Do I have a cassette tape or CD of the test?
Do I have a cassette or DC player?
Do I have access to a main power source?
Do I have a stopwatch?
Do I have access to a portable oxygen delivery system?
Do I have a dyspnea scale?
Do I have chairs positioned to allow for patient rest at the 

end of the test?

Before the ISWT

Ensure that you have obtained a medical history of the •	
patient and have taken into account any precautions or 
contraindications to exercise testing.
Instruct the patient to dress comfortably and to wear •	
appropriate footwear.
Any prescribed inhaled bronchodilator medication should •	
be taken within 1 h of testing or when the patient arrives 
for testing.
The patient should rest for at least 15 min before begin-•	
ning the ISWT.
Record:•	

Blood pressure. �

Heart rate. �

Oxygen saturation. �

Dyspnea score.* �

*Note: Show the patient the dyspnea scale (e.g., Borg scale) 
and give standardized instructions on how to obtain a score.
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During the ISWT

Follow the instructions on the CD, and use the following 
standard prompts:

Each time the beep sounds: N

“Increase your speed now.” N

Use the following prompt if the patient is less than 0.5 m  N

away from the cone when the beep sounds.
“You’re not going fast enough; try to make up the speed  N

this time.”
Record each shuttle that is completed on the ISWT record- N

ing sheet.
Monitor the patient for untoward signs and symptoms. N

Ending the ISWT

The ISWT ends if any one of the following occurs:

The patient is •	 more than 0.5 m away from the cone when 
the beep sounds (allow one lap to catch up).
The patient reports that they are too breathless to •	
continue.
The patient reaches 85% of predicted maximum heart rate •	
(maximum heart rate = 210 − 0.65 × age)
The patient exhibits any of the following signs and •	
symptoms:

Chest pain that is suspicious of angina. �

Evolving mental confusion or lack of coordination. �

Evolving light-headedness. �

Intolerable dyspnea. �

Leg cramps or extreme leg muscle fatigue. �

Persistent SpO �
2
 £ 85%.

Any other clinically warranted reason. �

At the End of the ISWT

Seat the patient or, if the patient prefers, allow to the •	
patient to stand.
Note: The measurements taken before and after the test 

should be taken with the patient in the same position.

Immediately record oxygen saturation (SpO•	
2
)%, heart 

rate, and dyspnea rating.
Two minutes later, record SpO•	

2
% and heart rate to assess 

the recovery rate.
Record the total number of shuttles.•	
Record the reason for terminating the test. The patient can •	
be asked:

“What do you think stopped you from keeping up with the 
beeps?”

The patient should remain in a clinical area for at least 
15 min following an uncomplicated test.
Source: From Singh SJ, Morgan MDL, Scott S, Walter D, 
et al. The development of the shuttle walking test of disabil-
ity in patients with chronic airway obstruction. Thorax. 
1992;47:1019–24. © 1992 with permission from BJM 
Publishing Group, Ltd.

Metabolic Equivalent (MET)

Physical Activity MET

Light intensity activities <3
Sleeping 0.9
Watching television 1.0
Writing, desk work, typing 1.8
Walking, less than 2.0 mph (3.2 km/h), level ground, 

strolling, very slow
2.0

Moderate intensity activities 3–6
Bicycling, stationary, 50 W, very light effort 3.0
Calisthenics, home exercise, light or moderate effort, 

general
3.5

Bicycling, <10 mph (16 km/h), leisure, to work or for 
pleasure

4.0

Bicycling, stationary, 100 W, light effort 5.5
Vigorous intensity activities >6
Jogging, general 7.0
Calisthenics (e.g., pushups, situps, pullups, jumping jacks), 

heavy, vigorous effort
8.0

Running jogging, in place 8.0
Rope jumping 10.0

Source: Ainsworth BE, et al. Compendium of physical activities: an 
update of activity codes and MET intensities. Med Sci Sports Exerc. 
2000;32(9 Suppl):S498–504
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A
Aberrant right subclavian artery, 149–150
Acid–base management, 373
Acute adrenal hormones and CABG changes, cardiac surgery

cortisol and ACTH levels
HPA axis, 343–344
postoperative period, 344–345
pre-and intra-operative period, 344

DHEA, DHEAS levels, 345
GH-IGF-I levels

mechanisms, 347–348
postsurgical changes, 348

sex hormone levels
FSH and LH response, 345
serum estrogen levels, 346
SHBG, 347

Acute care for the elderly (ACE)
multidisciplinary team, 51
randomized controlled trial, 51–52

Acute kidney injury (AKI)
ARF, 485
causes, 297

Acute pain management
analgesics

alpha 2 agonists, 113
COX–2 inhibitors, 112
NSAIDs, 112, 113

ascending nociceptive and descending  
modulating pathways, 106, 107

cardiac surgery
CABG, 113
heating pad, 115
intravenous/subcutaneous opiate PCA, 113
multimodal analgesia, 114
pillow, 115
residual pain, 113
surgical bra and vest, 115
TPVB, 114
wound pump, 114–115

Ad fibers impairment, 106
endogenous analgesic systems, 106
“Fast track”, 105
harmful effects, 106
incisional pain, 105
JCAHO, 105
morphine, molecular action, 106
“neuropathic pain”, 106
posterolateral thoracotomy, 105
regional analgesia

epidural (see Epidural analgesia)
extrapleural, 110–111

intercostal blocks, 110
interpleural, 111
intravenous opiates, 111–112
IV PCA conversion, 112
morphine to transdermal fentanyl, 112
NSAIDs, 112–113

sympathetic activity, 105
thoracic pathways

intercostal nerves, 106–107
parasympathetic visceral pain, 108
somatic pain, 107
sympathetic visceral pain, 107

thoracic surgery
central sensitization, 108
neuraxial and regional analgesic, 108
VATS (see Video-assisted thoracoscopic surgery (VATS))

Acute rejection, 529
Acute renal failure (ARF)

occurence, 379, 485
post operative, definition, 380

Acute respiratory distress syndrome (ARDS), 485
Adaptive response, 282, 343
Adhesion molecule, 260, 262
Adjuvant Navelbine International Trialist Association (ANITA), 498
Adjuvant therapy, lung cancer

ANITA (see Adjuvant Navelbine International Trialist Association)
CALGB (see Cancer and leukemia group B)
chemotherapy regimen, 500–501
cisplatin doublet, 501
data

clinical trials, 498
JBR.10 treatment, 499
LACE, 499–500

LACE (see Lung adjuvant cisplatin evaluation)
molecular markers, 501
neoadjuvant therapy (see Neoadjuvant therapy)
RADIANT and MAGE trials, 501–502

Advance directives, 125
Advanced practice nurses (APNs), 53
Aerobic exercise

cardiac transplantation, patients, 73
CR programs, 74
and resistance components, 70

AF. See Atrial fibrillation
Ageism, geriatric surgery

ASA, 35–37
breast cancer, 33–34
colon cancer, 34
complications, operative mortality, 34–35
esophagectomy, 34
gastrointestinal surgery, 35

Index



628 Index

Ageism, geriatric surgery (cont.)
hepatocellular carcinoma, hepatic resection, 35
lung and ovarian cancer, 33
postanesthesia complication, 37
postoperative neurologic complications, 34
QOL after pulmonary lobectomy, 36

Age-related changes
biliary lipid and hepatic metabolism, 313
colon, 306–308
ductal anatomy, 315
esophageal contraction

amplitude increase, 303
debilitate and extrapolation patients, 303
physiologic changes, 303–304

exocrine function, 316
hepatic function (see Hepatic function, liver)
liver and biliary system, 312
phrenoesophageal swallow mechanism, 302–303

Aging
biliary system, 311
bone repair, 266
cholesterol supersaturation, 313
delirium (see Delirium)
gastric carcinogenesis, 305
geriatric (see Geriatric)
liver

hepatectomy, 310
impaired drug metabolism, 309

lung
exercise capacity, 276
forced spirometry, 274
gas transfer, 275–276
pulmonary function testing, 274
volume, 274–275

lung fibrosis, 266
mucosal tissue and

analysis level, 263
delayed wound closure, women, 263–264
deleterious effects, 263
healing rate, older vs. younger, 263–264
oral wounds, 262
stress, 264
variation, wound size, 263–264

pancreas
ductal anatomy, 315
exocrine, 316

respiratory system
airways and lung parenchyma, 272–273
gas exchange and ventilation, 273
muscle performance, 271–272
pulmonary vasculature, 273–274

scar formation
“normalization”, 265
TGF-b1 and TGF-b2 isoforms, 265

small bowel changes, 305
wound healing

age related changes, 262, 263
CAM, 262
collagen deposition, 262
comorbidity, 262
enhanced platelet aggregation, 262
MMPs and TIMPs, 262

AICDs. See Automatic implantable cardioverter defibrillators
Airtrapping

definition, 145
frequency and degree, 145–146

Albumin
a1-acid glycoprotein, 477
delirium, cardiac surgery, 60
serum, 243, 390, 469

Alfentanil, 478
Allocation policy change (APC), 455
Alpha–1-antitrypsin (AAT), 523
Alpha–1 antitrypsin deficiency emphysema, 528
Alzheimer’s disease (AD)

cholinergic hypothesis
Ach levels, 323–324
CNS anticholinergic effects, 323
vs. PD, 323

and dementia
beta-amyloid hypothesis, 324
brain, 324
characteristics, 324
delirium, 326
diagnoses, 326, 327
Down’s syndrome, 324
health care costs, older adults, 324
neuropathologically confirmed etiologies, 324, 326
presenilin, APP and familial genetics, 324, 325

American Association of Cardiovascular and Pulmonary 
Rehabilitation (AACVPR), 67, 70

American Board of Thoracic Surgeon (ABTS), 21
American Joint Committee on Cancer (AJCC), 541
American Society of Anesthesiologists (ASA)

classification, 468–469
status, 35–36

Amyloid precursor protein (APP)
Down’s syndrome, 324
presenilin, APP and familial genetics, 325
transmembrane processing, 325

Anabolic deficiency, 348, 350
Analgesia, 491
Anastomosis, 531
Ancient Greek philosophy, 91
Anemia

ACI (see Anemia of chronic inflammation)
causes, 208
clinical complication, 350
deficiency

folate, 210
nutritional (see Iron deficiency)
vitamin B12 (see B12 deficiency)

definition, 207
hemoglobin values, 208
mortality, 207–208
occurrence, 207
renal insufficiency, 209
testosterone, 339
Third National Health and Nutrition Examination Survey, 208

Anemia of chronic inflammation (ACI)
androgen, 211
estrogen and testosterone, 210–211
prevalence, 210

Anesthesia
comorbidity, 478–479
epidural, 491
hypnotics, 478
inhaled, 477
morbidity minimization, 488
muscle relaxants, 478
narcotics, 478
ultra-short-acting agents, 477
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Anesthetic
agents, 476
infused drugs, 477
management, 480

Anesthetic management
cardiac surgery, elderly (see Cardiac anesthesia, elderly)
postoperative sedation, 395

Aneurysmal disease
ascending aorta and aortic arch (see Ascending aorta)
atherosclerotic ulcers, 430
complication, 428
descending and thoracoabdominal aorta (see Descending aorta)
Marfan disease, 428
prevalence and incidence, 427
risk factor, 428

Angiogenesis and tissue oxygenation, 267
Angiotensin converting enzyme (ACE), 68, 72, 285–286, 296
Angiotensin converting enzyme inhibitors (ACEI), 453
ANITA. See Adjuvant Navelbine International Trialist Association
Anterior mediastinal mass

lymphadenopathy, biopsy, 570
lymphoma, 569

Antibiotics
adverse drug reactions (ADRs), 251
aminoglycosides, 252
aztreonam, 253
carbapenems, 253
cardiothoracic surgery, 251
CDAD, 254
cefoperazone, 253
cephalosporins, 253
drug interactions, 252
fluorinated quinolones, 253–254
hepatic dysfunction, 253
b-lactam antibiotics, 30
nephrotoxicity, 252
side effects, 254
surgical inpatients, usage, 251

Anticholinergic
cholinergic receptors, CNS, 58–59
paralytics, anesthesia, 59

Anticoagulation
bleeding risk

GI, 222
intracranial hemorrhage (ICH), 222
reduction strategies, 224–225

cardiac surgery, 230–231
chronic oral, 222
chronic, surgical patient

high thrombotic risk, 225, 228
IVC filters, 229–230
low thrombotic risk, 228–229
minor surgical procedures, 229
OAT, 225
recommendations, chronic OAT, 226–227
temporary reversal, 229

heparins (see Heparins)
perioperative events

left ventricular dysfunction, 233
myocardial infarction, 233
recurrent atrial fibrillation, 232–233
venothromboembolic treatment, 233–234

pharmacologic changes, dosing considerations
creatinine clearance, 224
medications and supplements, INR, 224
VKA, 223

prosthetic valve implantation
bioprosthetic valves, 230
mechanical valve, 230
warfarin, 230

risk/benefit changes, 221
surgical venothromboembolic prophylaxis

deep vein thrombosis (DVT), 231
VTE, 231, 232

thrombotic risk, 221–222
vascular surgery, 231

Antidepressants
contributing factors, 249
depressive signs and symptoms, 249
desipramine and nortriptyline, 249
methylphenidate, 249
monoamine oxidase (MAO) inhibitors, 250
tricyclics, 249

Antihistamines, 251
Antipsychotics

haloperidol, ’typical agent,’ 63, 248
risperidone, 249
side effects, 248
Tardive dyskinesia, 248–249
time limit, 249

Anxiolytics, 250
Aortic dissection syndrome

description, 430–431
intramural hematoma, 433
risk factors, 431
type A

in-hospital mortality, 431
IRAD database, 431
malperfusion syndromes, 431–432
octogenarians, 431
operative treatment principles, 432
preexisting medical conditions, 432

type B
clinical factors, 432
prevalence, 432
proximal descending aorta, 432
risk stratification, 432–433

Aortic regurgitation (AR)
CMR, 176, 177
endocarditis, 175–176
prevalence, 287

Aortic stenosis (AS)
CMR, 174–175
echocardiography, 174
prevalence, 379

Aortic valve disease, elderly
AVR (see Aortic valve replacement)
balloon aortic valvuloplasty (BAV), 401
chronic, 401
conventional AVR, technique

intraoperative, 403
postoperative care, 403–405
preoperative assessment, 402–403

EuroSCORE and STS, systems, 401
morbidity and mortality, 401
non-surgical management

BAV, 402
Euro Heart Survey, 402
STS PROM scores, 402
TAVI protocol, 402

transcatheter aortic valve  
implantation (TAVI), 16–20
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Aortic valve replacement (AVR)
combined CABG/AVR, 379
in-hospital mortality

concomitant CABG surgery, 405
isolated AVR, 405
multivariable analysis, 406

intraoperative technique, 403
long-term survival rates, 379
mid-and long-term survival

Kaplan-Meier estimate, 406–407
patient cohorts, 406
STS PROM, 406

postoperative care
atrial fibrillation, 404
cerebrovascular accidents (CVA), 405
nephrotoxic drugs, 405
octogenarians, 403–404
respiratory failure, 404
short-term, 404

predictive models
EuroSCORE and STS, 405
transcatheter valve, 405

preoperative assessment, 402–403
quality of life and cost, 407
sternotomy

left ventricular apex to descending aortic  
conduits, 407

outcomes, 408–409
surgical technique, 407–408

Aortic valvular disease
calcific deposits, 287
regurgitation, 287

Apical-aortic conduit (AAC)
assembling, 408
benefit, 407
insertion, 409
interposed freestyle root, 408
AS treatment, 407

Apical cap
pulmonary apical cap (PAC), 144–145
subpleural scarring, 144, 145

Appropriateness
acute aortic dissection, 431
health care, cardiothoracic surgery, 18

ARDS. See Acute respiratory distress syndrome
Area under the curve (AUC), 501
ARF. See Acute renal failure
Arrhythmia

AF, 486
hemodynamically stable, 489
midazolam/opioids, 488

Ascending aorta
emergency operations, 428–429
hypothermic circulatory arrest, 428
octogenarians, 429
predictors, stroke, 429
risk factor, 428

Atelectasis
morbidity rate, 484
occurrence, 489

Atherosclerosis, 59, 148, 150
Atrial fibrillation

cardiac output reduction, 282, 283
new thromboembolic stroke and coronary events, 282

Atrial fibrillation (AF), 486, 487
Atrophy, 484

Attorneys
DPOA (see Durable power of attorney (DPOAs))
Living Wills, 98

AUC. See Area under the curve
Automatic implantable cardioverter  

defibrillators (AICDs), 126–127

B
Bacteria, 260, 261
Barrett’s esophagus (BE), 560
B12 deficiency

antibodies, 209
atrophic gastritis, 209
binding, 209
causes, 209
metabolic, 209–210
replacement treatment, 210
women, 209

BE. See Barrett’s esophagus
Benefit analysis, 484
Benign disease, elderly

description, 553
dysphagia, 554
epiphrenic diverticulum, 565
esophageal motility

body, 555
LES, 555
UES, 554–555

esophageal surgery
achalasia, 560–562
BE, 560
DES and nutcracker esophagus, 562–563
GERD, 558–559
PEH/hiatal hernia, 556–558
peptic stricture, 560

esophagus pathophysiology
aging, 554
presbyesophagus, 553–554

manometry, 555–556
Zenker diverticulum

clinical presentation, 564
transoral stapling, 565

Benign thoracic disease, elderly
chest wall and pleura

kyphosis (see Kyphosis)
lung herniation, 518
Mondor’s, 517
pneumomediastinum, 518

COPD (see Chronic obstructive pulmonary disease)
infectious and rheumatologic

empyema, 521–522
pneumonia, 521
rheumatoid pleural effusions, 522–523

neoplastic, lung tumors
epithelial, 519–520
lower respiratory tract, WHO classification, 519
mesenchymal, 520

pulmonary function testing, 517
Benzodiazepines

anesthesia induction, 372
elimination half life, 372
postoperative cognitive dysfunction, 374–375
postoperative medication, 62
respiratory depression, 369
sedative effect, preexisting dementia, 367
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Beta blockers, 487
Biliary system, liver and

age-related changes, 312
anatomy, 310
anterior bud development, 313–314
function, 310–311
gallbladder, 312
hypersecretion, cholesterol, 311
lipid secretion, 313
morphologic and physiologic changes, 311
physiology, 310
“sludge,” 312

Biliary tract disease, 27
Bioethics, 91
Biology of aging

distribution, drugs
protein-binding interactions, 243
water-soluble, 243

drug absorption
achlorhydria, 242
bioavailability, 242
grapefruit consumption, 243
oral, 241
topical administration, 243

metabolism, 243
organ systems decline, 241
pharmacogenomics and cytochrome  

P450 enzymes
diazepam and chlordiazepoxide, 244
glucuronide conjugation, 244
hepatic enzymes, 244
polymorphisms, 244

pharmacokinetics, 241
renal elimination

Cockcroft and Gault equation, 244
creatinine clearance, 244
dose adjustments, 244–245
glyburide, 245

Bleeding
anticoagulation, 232
gastrointestinal, 557
mediastinal, 384
in older adults, 222
reduction

falls, older adult, 225
gastrointestinal (GI) bleeding, 224–225
intracranial hemorrhage (ICH), 225
surgical site, 224

Blood pressure management, 69
Blood transfusion

lower short-term mortality rate, 487
surgery patients, 487

Blunt aortic injury (BAI)
after trauma, 137
chest roentgenogram (CXR), 137–138
chest X-ray

normal, 138, 139
widened mediastinum, 138

computed tomography (CT), 138, 139
mortality and morbidity, 138
non-operative management, 138
retrograde aortography, 137–138
stent graft (SG), 138–139

Blunt cardiac injury (BCI)
dyfunction and diagnosis, 140
transthoracic echocardiogram (TTE), 140

Blunt chest trauma (BCT)
cardiac contusions, 140
mortality, 133
rib fractures, 134–136

Bone repair and aging, 266
BOS. See Bronchiolitis obliterans syndrome
Bronchiolitis obliterans syndrome (BOS), 532
Bronchoplasty, 610
Bronchoscopy

rigid, 603–604
suction secretions, 610

Bronchus
“down”, 609
mainstem, 601, 609

C
CABG. See Coronary artery bypass grafting
CAD. See Coronary artery disease
CALGB. See Cancer and leukemia group B
Caloric restriction (CR)

life span extension
intake, 197–198
mechanistic corollaries, 198
mortality data, 197

obesity, 204
Cancer and leukemia group B (CALGB), 498, 501
Carcinoid

pulmonary, 512
tumors, 601

Cardiac anesthesia, elderly
drugs

muscle relaxants, 372–373
opiates, 372
sedative hypnotics, 371–372
volatile anesthetics, 373

induction, monitors
BIS, 371
blood pressure, 369
cerebral oximeter, 370
CVP monitoring, 370
distal position, radial artery, 369–370
epiaortic ultrasound, 371
pulmonary artery catheter, 370
TEE, 371
temperature, 370

maintenance
bypass, 374
post bypass, 374
postoperative period, 374–375
prebypass, 373–374
separation, bypass, 374

preoperative considerations
cardiovascular, 367–368
endocrine, 369
fluid balance, 369
neurological, 367
pulmonary, 368–369
renal, 369

Cardiac assessment, 486
Cardiac changes

afterload
age-associated structural changes, 280
aortic compliance, 280
arterial stiffness, 279–280
blood pressure, 280
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Cardiac changes (cont.)
components, 279
left ventricular hypertrophy, 280
pulse wave velocity, 279, 280
regular aerobic endurance, 281

cardiovascular
aging (see Cardiovascular aging)
muscle mass decrement, age, 284
peak exercise reductions, 284
responses, 284
VO

2
 max, 284

congestive heart failure, 285–286
contractility

intrinsic ability, 282
LVEF, 282

diastolic function
aging, 282
atrial fibrillation development, 283
CHF association, normal LVEF, 283
digoxin, 283
LVEF prevalence, elderly patients, 283
myocardial ischemia, 282

diseases
aortic valve, 286–287
conduction defects, 287
mitral valvular, 287
prevalence, 285

preload
b-adrenergic stimulation, 282
age, 281
atrial fibrillation, 282
Frank-Starling mechanism, 281, 282
left ventricle, 281
passive and diastolic filling, 281
postprandial systolic blood pressure, 281

Cardiac computed tomography
advantages, 159
image data, ECG, 159
indications, 159–160
invasive coronary angiogram (ICA), 159
limitation, 160

Cardiac imaging
CMR

advantages, 160
coronary artery disease, 160–161
description, 160
pulse sequence, 160

congestive heart failure
CMR, 170–171
detection and confirmation, 167–168
DHF and HFNEF, 171–173
gadolinium late-enhancement CMR, 168
LV filling pressure, 173
LV systolic function, 168
myocardial viability nuclear and ECHO, 169–170
systolic heart failure, 168–169

CT
advantages, 159
image data, ECG, 159
indications, 159–160
invasive coronary angiogram (ICA), 159
limitation, 160

echocardiography
color flow Doppler, 158
spectral Doppler, 157–158
structural, 157

IHD
description, 161
echocardiography, 162–164
multislice computed tomography and MRI, 166–167
non-invasive stress testing techniques, 162
risk stratification and long term prognosis assessment, 162
SPECT myocardial perfusion imaging, 164–166
symptomatic/asymptomatic patients, 161–162

post operative
CT, bypass grafts, 188
LV function, 184, 186
pericardial constriction, 185, 188
pericardial effusion and cardiac tamponade, 184–187
pre-operative planning, redo surgery, 188–189

SPECT-MPI
exercise/pharmacological stress, 158
indications, 158–159
radio-isotope tracers injection, 158
safety, 158

VHD
AS (see Aortic stenosis)
AR (see Aortic regurgitation)
diagnosis, 174
Doppler, 174
MR (see Mitral regurgitation)
MS, 176
novel valve imaging applications, 180
prosthetic valves, 180–185
surgical therapy, 174

Cardiac magnetic resonance imaging (CMRI)
advantages, 160
coronary artery disease, 160–161
description, 160
pulse sequence, 160

Cardiac rehabilitation (CR)
core components and secondary prevention programs

blood pressure management, 69
diabetes mellitus (DM), 69
exercise training, 70
nutritional counseling, 68–69
patient assessment, 68
physical activity counseling, 69
psychosocial management, 69
tobacco cessation, 69
weight management, 69

definition, 67
efficacy, patients

benefits, 73
cardiac transplantation, 73
heart failure, 72
MI and stable angina, 71–72
valve replacement procedures, 72–73

elderly
depression, anxiety and social isolation, 74
morbidity and mortality, 73–74
physical fitness, 74
QoL, 74–75
risk factor therapies, 74
vs. younger patients, 73

performance measures
patient referral, 70
structural and process, 70

program phases, 67–68
safety

exercise therapy, 70
symptom-limited exercise test, 70–71
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target heart rate (HR), 71
transtelephonic electrocardiographic  

monitoring, 71
Cardiac resynchronization (CRT)

co-morbidity, 445
device, 443
mean age, 444
survival and quality of life, 450

Cardiac risk
ASA classification, 468–469
cardiac functional status assessment, 468
METs, 468
myocardial infarction, 468

Cardiac surgery, geriatrics
delirium, 362, 364
directives/medical proxy, 364–365
disability, 364
nutritional, 361–363

Cardiac tamponade and pericardial effusion
2D echocardiographic features, 184
electrical alternation, 440
pericardiocentesis, 441
post-cardiac surgery, 441
signs, 440
subxiphoid pericardiostomy, 441
treatment, 440–441

Cardiomyopathy
chest x-ray and cardiac echo, 123
clinical communication, 124
and delirium

family concern, 131–132
symptoms, 131
syndrome of imminent demise, 130–131

Medicare expenditure, 124
physicians and patients communication, 123–124

Cardiopulmonary bypass (CPB)
bilateral lung transplantation, 528, 531
pulmonary hypertension identification, 530

Cardiopulmonary exercise testing (CPET), 468
Cardiopulmonary trauma

aging physiologic changes
chest wall compliance, 134
hypoxia and hypercapnia, 134
morbidity and mortality, 133
osteopenia, 134

BAI (see Blunt aortic injury)
BCI (see Blunt cardiac injury (BCI))
contusion, 140
description, 133
rib fractures (see Rib fractures)
sternal fractures, 140
thoracic, 133

Cardiothoracic surgery, elderly
age, risk factor, 377
aortic dissections, survival, 94–95
average age, 377
cardiac rehabilitation

CABG, 385–386
core components, 386
functional capacity, 387
lifting and straining, 387
Medicare, 386
prevention programs, 385
resistance training, 386
scientific and clinical evidence, 386
supervised exercise training, 386

cardiovascular management, 384
decisional flexibility

beneficence principle, 101
postoperative complications, 101–102

decision making
contextual features, 98
instructional and agent-based directives, 98
medical indications, 97–98
patient preferences, 98
proxy/surrogate decision maker, 98–99
quality of life, 98

delirium, 248
ethical principles, 91
gastrointestinal (GI) complications

acute intraabdominal process, 381
contributing factors, 380–381
pathophysiologic mechanism, 380

goal, 377
health care policy

childhood and elderhood, 90
ethic professions, 91
physician-patient relationship, 91
politicians, 90
US Gross Domestic Product, 89

heart transplantation
donor, 97
ethical principles, 97
post-transplantation survival, 97
United Network for Organ Sharing (UNOS), 96

illness and death
palliative care options, 93–94
personhood, 92
rationing health care, 92–93
technology pendulum, 92

morbidity and hospital length of stay, 113
neurologic impairment

Kaplan-Meyer analysis, delirium, 381
molecular markers, 382
monitoring modalities, 382
MRI, 382
neuropsychometric testing, 382
postoperative delirium, 381
preoperative predictors, 381–382
stroke, 381

octogenarians and nonagenarians, 94
operation specific risk factors

AS and AVR, 379
independent predictors, 378
in-hospital mortality, 378
mortality, valvular heart disease, 379
NCN revascularization database, 378
OPCAB, 379
valve surgery and coronary revascularization, combined, 379

pain and respiratory dysfunction, 105
postoperative

complications, 95
delirium, 95, 96

preoperative assessment, 96
pulmonary care

healthy individuals, 382–383
inflammatory response, 383
spirometric values, 383
timely extubation, 383
tracheostomy, 384

quality of life, 94
renal failure, 377–378



634 Index

Cardiothoracic surgery, elderly (cont.)
renal insufficiency

ARF, 379
detrimental effect, kidney function, 380
GFR, 379–380
non-oliguric/oliguric, 380

research, clinical trials
Belmont report, 100–101
Declaration of Helsinki, 100
Nuremberg code, 99–10
vulnerable subjects, 101

risk factors, 95
stoicism, 90–91
suicide and euthanasia, 91
wound complications

mediastinitis, 384
occurrence, 384
osteoporosis, 385
risk factors, 385

Cardiothoracic surgery, epidemiology and economics
CAD, 12–13
cardiologic evaluation

acute myocardial infarction (AMI), 16–17
angiography, 17

clinical outcome, 15
demography, 5–7
health care appropriateness, 18
lung cancer, 13–15
medical technology

laparoscopy, 20
open revascularization techniques, 20–21

physician payment systems
fee-for-service model, 19
inpatient hospital care cost, 18
Medicare, 18–19
“never events” approach, 19–20
Prometheus payment model, 19

surgeons
ABTS, 21
workforce prospect, 21–22

treatment
data, 7
historical rates, 7–8
incidence rate, 8–11
surgical vs. non-surgical, 17–18
underuse and overuse, 15–16

valvular heart disease, 13
Cardiovascular

aging, 284–285, 476
CAD, 476

Cardiovascular aging
healthy elderly persons, 284
impaired vasodilator response, 284
performance impairment, 285

Cardiovascular disease
mortality rates, 489
output, 484

Carotid endarterectomy (CEA), 381, 394
Carpentier’s triad, 416
Catheter-associated urinary tract infection (CAUTI), 45, 47
CBD. See Common bile duct
Cell death

cell replacement, 203–204
and turnover

caloric restriction, insulin-signaling and oxidative stress, 203
prematurely aging mouse models, 202

p66she, mammals, 202
tissue cell number and function, 202

Cell proliferation and telomere function
absence, 200
length and activity, 200
lymphocyte DNA, 200
and stem cells, 200
telomerase, 199–200

Cell replacement
BMSC, 203–204
cellular homeostasis, heart, 204
myocytes, apoptosis and senescence, 204

Central nervous system (CNS)
anticholinergic effects, medications, 323
anxiolytics and sedative/hypnotics, 328

Cerebral oximetry, 370–371, 382
Chemokine, 260
Chemotherapy regimen, adjuvant therapy

vs. cisplatin doublets, 500–501
ECOG 1505 study, 501
iconic trials, 501
LACE meta-analysis, 500
plus pemetrexed to gemcitabine, 501

Chest imaging
diaphragm

age related changes, 151
Bochdalek hernia, 151–152
eventration, 152–153
lateral chest radiograph, 151

lung
air trapping, 145–146
apical caps, 144–145
benign intrapulmonary lymph nodes/PFNS,  

146–147
focal fibrosis, 145, 146
morphologic changes, 143–144
subtle reticular opacities, 144
tracheal and bronchial wall, calcification, 144

mediastinum
aorta and great vessels, 147–151
mediastinal lipomatosis, 147, 149–151
thymus, 147

musculoskeletal
chest wall compliance, 153
costal cartilages and chondrosternal junction  

calcification, 153–155
Chest wall disease surgery

clinical experience
hospital outcomes and complications, 597
indications, 596
prosthetic and autogenous material, 596

indications, reconstruction, 589, 590
muscle transposition

deltoid muscle, 595
external oblique, 595
latissimus dorsi, 594
pectoralis major, 594–595
rectus abdominis, 595
serratus anterior, 595
trapezius muscle, 595

omental transposition
description, 595
muscle and musculocutaneous flaps, 596
rectus abdominis muscle flap, 595–596

patient complexity and surgeon interaction, 597
pleural cavity management, 591
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preoperative evaluation
history and physical examination, 589–590
non-pulmonary risk factors, 590

reconstruction principles
acquired thoracic defects, 591
defects factors, 590–591
institution rule, 590
radiation therapy, 591
thorax, 590

reconstruction techniques and muscle flap, 589
skeleton management

autogenous tissue, 592
bovine (Veritas) pericardial patch coverage, 593–594
methyl methacrylate sandwich, 591–592
PDS and titanium strut reconstruction, 593
PTFE soft tissue patch, 593
resected ribs, mesh usage, 592
restoration, skeletal stability, 591
stabilization, 592
synthetic prosthetic materials, 592
technique, 592
Vicryl mesh/bovine pericardium use, 593

soft tissue management
muscle flaps use, 594
pedicle muscle reconstruction, 594
TRAM flap, 594

soft tissue reconstruction, 589
teams coordinated effort, 597

Chest wall reconstructions
autogenous tissue, 592
indications, 590
methyl methacrylate marlex mesh sandwich, 592
muscle and musculocutaneous flaps, 596
muscle transposition

rectus abdominis, 595
TRAM (see Transverse rectus abdominis musculocutaneous)

omental transposition, 595–596
PDS and titanium strut, 593
principles

acquired thoracic defects, 591
defects factors, 590–591
institution rule, 590
radiation therapy, 591
thorax, 590

rectus abdominis muscle use, 595
rule, 590
technique, description, 589

Chest wall resection
bony thorax, 593, 594
concomitant pulmonary resections, 590
indications, 589, 596
lung cancer, 596
principles, 590–591
recurrent breast cancer, 594

CHF. See Congestive heart failure
Chronically elevated central venous pressure (CVP), 459
Chronic obstructive pulmonary disease (COPD)

categories, 523
endobronchial techniques, 524
lung transplantation, 524
lung transplantation, indications, 527, 528
NETT, 523–524
pulmonary function testing, 523
risk factors

AAT deficiency, 523
tobacco usage, 523

Chronic proton pump inhibitor (PPI) therapy, 208
Cisplatin

adjuvant chemotherapy, advantage, 497
benefits, 501
carboplatin vs.vinorelbine, 498
doublet, ECOG 1505 study, 501
and gemcitabine, 500
IB-III disease, advantage, 497
LACE, 498, 500–501
plus pemetrexed vs.gemcitabine, 501
and vinorelbine, 499, 500

Closing volume
aging, 274
FRC, exceed of, 275

Coagulation disorders, 213
Coagulation inhibitors, 213
Cognition, 60, 326, 328, 331
Cognitive

AD (see Alzheimer’s disease)
attention, 329–330
brain disease, 326
central and peripheral nervous system, 321
dementia (see Dementia)
evaluation, 328
examination

basic elements, 328
C/S/G testing, 329
differential diagnosis, 328
neurological, 328–329
reflex, increased and decreased, 329
relative integrity, 329

families, 322
interview and examination control, 326
LOC

behavioral description, 329
RAS, 329

medications, 328
memory

brain structure, 330
loss syndrome, 328
recent testing, 330–331
types, 330

mental status examinations  
(see Mental status examinations)

neocortical function
cortical strokes, 331
mental status domains, 331

neurologic (see Neurological changes)
surgical problems, 321

Cognitive dysfunction, 491
Cognitive impairment, 490, 491
Collagen

density and production, 261
deposition and remodeling, 262
remodeling phase, 261
secretion, fibroblasts, 260

Colon
active, 306
age related changes

colitis, 307–308
diverticular disease, 306
fecal incontinence, 307
motility, 307

functions, 306
subdivisions, 306
terminal ileum, transition, 306
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Common bile duct (CBD)
cholangiography, 311
sphincter, Oddi, 310

Communication
interdisciplinary, 49
operation as metaphor, 125
patient and physician, 123–125

Comorbidities
cardiopulmonary, 489
decision-making process, 397
octogenarians, independent living, 394

Co-morbidity. See Anesthesia
Competency, 83–84
Compliance

chest wall, 274
pulmonary vascular, 273

Complications
operative mortality, 34–37
perioperative

biliary surgery, 31
pulmonary problem, 30

postperative
ASA, 30
pancreatic resection, 32

Comprehensive geriatric assessment (CGA) program
GEM units, 49, 51
geriatric assessments, 469
geriatric consultation service, 49, 51
preoperative, 470

Computed tomography (CT)
cardiac

advantages, 159
image data, ECG, 159
indications, 159–160
invasive coronary angiogram (ICA), 159
limitation, 160

lung and liver metastasis, 540
Conduction defects

aging, 287
prevalence, elderly persons, 287

Confusion assessment method (CAM), 57, 58, 248
Confusion assessment method for the intensive care unit  

(CAM-ICU), 57–58
Congestive heart failure

CMR, viability
delayed-enhancement (DE-CMR), 170–171
infarct transmurality, 171

coronary revascularization, 167
detection and confirmation mechanism, 167–168
DHF and HFNEF, 171–173
gadolinium late-enhancement CMR, 168
LV

filling pressure, 173
systolic function, 168

myocardial viability nuclear and ECHO, 169–170
systolic heart failure, 168–169

Congestive heart failure (CHF)
calcium channel blockers, 285
LVEF

abnormal, 285–286
association, 283
normal, 286

midazolam/opioids drug usage, 488
postoperative

cardiovascular complications, 487
morbidity and mortality, 484

Constrictive pericarditis
diagnostic task, 439
echocardiographic findings and hemodynamic testing, 439
etiology, 438
radical pericardiectomy, 439, 440
signs and symptoms, 439
treatment, 439–440

Contraction, 260
COPD. See Chronic obstructive pulmonary disease
Coronary artery bypass. See Coronary artery bypass grafting (CABG)
Coronary artery bypass grafting (CABG)

baseline, 349
estrogen levels, 350
GH-IGF–1 axis, 349
independent predictors, 377
octogenarians, 385
vs. OPCAB, 379
oxidative stress burst, 342
population-based incidence rate, 5
postmenopausal women, 345–346, 348
postoperative renal failure and neurologic complications, 378
vs. PTCA, 385
on pump and off-pump application, 341
sex hormone, 349
SHBG, 347
short-term cognitive changes, 382
T3 concentrations, 343
thyroid, 342–343

Coronary artery disease (CAD)
AMI, 12
death rate, US, 12–13
mitral annular calcium, 287
myocardial ischemia, 282
occult, 280
overuse and underuse treatment, 15–16

Cortisol
adrenal function, 348
pre and intraoperative period, 344

Costal cartilage calcification, 153
CPB. See Cardiopulmonary bypass
CR. See Caloric restriction
Cranial nerves (CN)

cervical rotation, 334
extraocular movements, 333
facial symmetry, 333
hearing, 333–334
speech, 334
tongue, 334
VF, 332–333
visual acuity, 333

CRT. See Cardiac Resynchronization
CT. See Computed tomography (CT)
Cytokine, 59, 210, 266

D
Deep tendon reflexes (DTRs), 335
Deep vein thrombosis (DVT)

prophylaxis, 231, 236, 237
risk surgeries, 214
symptoms, 214

Degenerative regurgitation, 415
Dehydration

AKI, 298
medullary hypotonicity, 297

Dehydroepiandrosterone (DHEA), 339
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Dehydroepiandrosterone sulphate (DHEAS)
estrone and estradiol, 348
testosterone levels, 335–336

Delirium
agitation management

antipsychotics, 64
non-pharmacologic treatments, 64

characterization, 330
cortical strokes, 331
delayed functional recovery, 477 (see also Pain control)
demented patients, 337
detection, 248
diagnosis

CAM, 57
CAM-ICU, 57–58

hospital setting, 248
impaired and fluctuating attention, 329
onset and propagation, 247
pathophysiology, after cardiac surgery

anticholinergic burden, 58–59
atherosclerosis and blood brain barrier, 59
impaired vision, 58
inflammation, 59
neutral amino acids, 59

vs. POCD, 58
postoperative, 47, 490, 491
precipitating factors

iatrogenic events, 62
intraoperative medication, 61
metabolic abnormalities, 62
microemboli, 61
postoperative environment and medication, 62
predisposing and, 60–61

pre-operative prediction rules, 248
prevention

dexmedetomidine, sedation, 63
haloperidol, 63
modules comparison, 62

risk, preoperative assessment
age-associated risk factors, 60
albumin, 60
cognitive function, 60
depression, 60
prediction rule, 59–60

treatment
cerebral imaging, 63
cognitively active medications, 63–64
pain control, 64

Delirium screening
cardiac surgery, 362
chemokines, 362, 364
medications, 364
risk factors, 364

Dementia
disease entity, 322
healthy vs. AD brain, coronal section, 323
plaques, tangles, and cerebrovascular disease, 322–323
senile, 322
syphilis, 322

Depression
delirium, 60
inadequately treated pain, 490
PD, 491
respiratory, 491

Dermis, 261
DES. See Diffuse esophageal spasm

Descending aorta
emergency surgery, 430
endovascular approaches, 429
octogenarians, risk, 430
operative repair, 429
operative treatment, TAA, 430
pre and post operative risk factors, 429–430
spinal cord ischemia, 429

DHEA. See Dehydroepiandrosterone
DHEAS. See Dehydroepiandrosterone sulphate
Diabetes management, 69
Diaphragmatic hernia, 151
Diastolic dysfunction

elderly patients, 367–368
inotropic support, 374
left ventricular compliance, 368
weaning, bypass, 368

Diastolic heart failure (DHF)
description, 171–172
diagnosis, 172
diastolic dysfunction grading, 172
mitral inflow and pulse wave tissue Doppler, 173

Dietary restriction. See Caloric restriction
Diffuse esophageal spasm (DES)

etiologic factors, 562
medical therapies, 563

Diffusing capacity, 468, 476
Direct thrombin inhibitors (DTI)

hirudin, 237
thrombotic disorders, 236

Diverticular disease, 306
Drugs, cardiac anesthesia

muscle relaxant
choice, 372–373
nondepolarizing, 373
succinylcholine, 373

opiates
fentanyl, 372
morphine, 372

sedative hypnotics
benzodiazepines, 372
dexmedetomidine, 372
etomidate, 372
hemodynamic goals and effects, induction, 371
propofol, 371–372
thiopental, 372

volatile anesthetics, 373
Durable power of attorney (DPOAs)

categories, 85
description, 85
vs. regular/ordinary power of attorney, 85

E
Easter Cooperative Oncology Group (ECOG), 498, 501
Echocardiography

AS, 174–175
AR, 176
color flow doppler, 158
contrast echocardiography (CE)

intravenous microbubbles, 184, 186
myocardial, 163–164

2D and 3D, 180
IHD

Doppler techniques, 162
LV hypertrophy, 162
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Echocardiography (cont.)
“mitral regurgitation”, 164
myocardial contrast, 163–164
stress, 162–163

prosthetic valve function, 181
spectral Doppler, 157–158
structural, 157
TEE (see Transthoracic echocardiography)

Echocardiography, acute tamponade, 440
Echocardiography in constrictive pericarditis, 439
ECOG. See Easter Cooperative Oncology Group
Elastin

extracellular matrix, 260
reduced skin elasticity, 261

Elderly. See also Ischemic coronary disease
anesthesia

comorbidity, 478–479
hypnotics, 478
inhaled, 477
management, 480
muscle relaxants, 478
narcotics, 478
positioning, 478

benign thoracic disease  
(see Benign thoracic disease, elderly)

CABG vs. medical therapy, 4
cardiopulmonary trauma

aging physiologic changes, 133–134
BAI (see Blunt aortic injury)
cardiac contusion, 140
description, 133
rib fractures (see Rib fractures)
sternal fractures, 140
thoracic, 133

cardiothoracic surgery (see Cardiothoracic surgery,  
epidemiology and economics)

cardiovascular disease, 4
constipation, 307
CR (see Cardiac rehabilitation)
diabetes risk factor, 347
diffuse systemic atherosclerosis, 394
encephalopathy changes, 395
esophagus

contraction, 303–304
phrenoesophageal swallow mechanism, 302–303

hematologic disorders
anemia (see Anemia)
coagulation, 213
HIT (see Heparin induced thrombocytopenia)
thrombocytopenia and platelet dysfunction, 215–216
thrombosis, 213–215

hormonal derangement, 348
IOM recommended approaches, 3–4
liver

biliary function, 310–311
lithogenic factors, 312–313
morphologic and physiologic changes, 309

mean life expectancy, 3
non-cardiac thoracic surgery, 475
pacemakers (see Pacemakers)
pain control and delirium, 480
pancreas

anatomy, 315–316
exocrine, 316
insulin resistance, 316

physiology and risk factors, 476–477

polypharmacy, surgical patients
adverse drug reactions, 245
cardiothoracic surgeons, 245
comorbidity, 245
medication management, 245
prescription medications, 245

postoperative mediastinal bleeding, 392
prescribing issues

antibiotics (see Antibiotics)
antidepressants, 249–250
antihistamines, 251
antipsychotics, 248–249
anxiolytics, 250
delirium, 247–248
pain management, 250–251
sedative/hypnotics, 250

prescribing principles, 246–247
PTCA, 396
pulmonary surgery, malignant disease  

(see Pulmonary surgery, malignant disease)
risk factors, postoperative mortality, 475, 476
sinus node dysfunction, 444
small bowel, 305
stomach

gastric acid secretion, 304–305
gastric carcinogenesis, 305

surgical population, 479–480
Elderly patients. See also Elderly

cardiothoracic surgery  
(see Cardiothoracic surgery, elderly)

outcomes, 15
Emergency surgery

acute type A aortic dissection, 431
descending and thoracoabdominal aorta, 430

Empyema
bacterial isolates, 521, 522
community-acquired vs. nursing-home  

acquired, 522
complex loculated effusion, 583, 584
mortality rates, 522
posterior, 583
risk factors, 521–522, 585

Endocarditis, 417
End-of-life care

public awareness, 121
VSED and palliative sedation, 93

Endoscopic ultrasonography (EUS)
lymph nodes, 540
surgical resection, 540

Epiaortic ultrasound
description, 371
stroke rate, 371

Epidemiology
cardiothoracic surgery (see Cardiothoracic surgery,  

epidemiology and economics)
pacemaker and ICDs

average age, 444
MADIT-II trial, 444
PASE and UK-PACE, 443
randomized trials, 443

Epidural analgesia
catheters, 109
DepoDur™, 110
esophagectomy, 109
hematoma formation, 108
hypotension, 109
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mispositioned catheters, 110
opioid administration, 109
PACU, 110
PCA, 109
pre-emptive analgesia, 109
women, 110

Epidural catheters
insertion, preoperative, 109
placement, thoracic, 109
saline infusion, 110

Epithelial tumors, neoplastic disease
alveolar adenoma, 519
mucinous cystadenoma, 520
mucous gland adenomas, 520
papillomas, 519
sclerosing hemangioma, 519
type II pneumocyte papilloma, 520

Esophageal achalasia disease
amplitude pressures, 560, 561
extreme dilation and tortuosity, 560, 562
radiographic studies, 560, 561

Esophageal surgery
anastomotic technique, 543
THE approach, 543
carcinoma, 542
vs. chemoradiation, 547
chemotherapy

agents, 548
radiation therapy, 548

comorbidities and medical clearance
laboratory and PFTs tests, 542
morbidity and mortality, 542

diagnosis
CT scan, PET and FDG, 540
dysphagia, 539
EUS test, 540
patient evaluation, 540
pulmonary symptoms, 539
serum tumor markers, 541
thoracoscopy and laparoscopy, 540
Virchow’s node, 539–540

esophagectomy
morbidity, mortality and survival, 545–546
preoperative risk assessment, 545
retrospective analysis, 546
VA, SEER-Medicare, and STS databases, 546

gastric tube, 543
histologic classification

adenocarcinoma, 536–537
SCCs, 536
THE technique, 537
type I, II and III tumors, 537

invasive carcinoma, 542
Ivor Lewis approach, 543
minimally invasive esophagectomy, 545
neoadjuvant therapy

chemotherapy-related morbidity, 547
combined modality therapy, 547
MAGIC trials, 546–547
preoperative chemoradiation, 547
preoperative therapy role, 546
randomized trial, 546

palliation
endoscopic, 548
mortality rates, 547
PEG tube, 547

pathogenesis
Barrett’s metaplasia and obesity,  

538–539
distal biopsy specimens, 539
epithelial tumors, 537
high-grade dysplasia, 539
neoplastic transformation, 539
risk factors, 537
smoking vs.SCCs development, 537–538

PDT
malignant cells, 549
photosensitizing agents, 549

premalignant disease
Barrett’s metaplasia, 542
dysplasia, low and high grade, 542
PDT and RFA, 542

radiation, 547–548
SEER data, 535
staging system

AJCC, 541
pathological, 541

stenting, 548–549
surgical approaches, 542
thoracoabdominal approach, 545
three-field esophagectomy

benefits, 544–545
morbidity and mortality, 545
proponents, 544
transthoracic vs. transhiatal, 545

YAG laser fulguration, 549
Esophagectomy, 490
Esophagus

anatomy, 301–302
contraction, 303–304
phrenoesophageal swallow mechanism,  

302–303
physiology, 302

Estradiol
adrenal gland, 340
age decrease, 339
serum levels, 346, 348
sex hormone, 349

Estrogen
replacement, 264
topical treatment, 264

Ethics of transplantation
heart

donor, 97
post-transplantation survival, 97
principles, 97
UNOS, 96

IEC, 86
issues, cardiothoracic surgery in elderly  

(see Cardiothoracic surgery, elderly)
EUS. See Endoscopic ultrasonography
Euthanasia

description, 91
PAS, 94

Eventration, 152, 153
Exercise capacity, 487
Exercise training, CR, 70
Extraocular movement (EOMs), 333
Extrinsic aging

skin morphology, 261
UV exposure, 262

“Eyeball test”, 364
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F
Fentanyl, 478, 480
Fibroblast

growth factor aiding cells, 260
proliferation, 260

Flail chest, 136
Focal fibrosis

CT, 146
osteophytes, 145

Follicle-stimulating hormone (FSH), 339
Forced expiratory volume (FEV1)

vs. DLCO, 383
mean prediction, age, 383

Forced vital capacity (FVC), 274, 383, 467, 508, 518
Frailty

bioavailable testosterone, 339
development, 339
hormonal derangement, 348
potential consequences, 348

FSH. See Follicle-stimulating hormone
Functional mobility, 361

G
Gait, 335–336
Gastroesophageal reflux disease (GERD)

acid infusion, 559
aging process, 558
Barrett’s metaplasia development, 538
diagnostic tests, 559
esophageal mucosal injury, 558
laparoscopic fundoplication, 559
mechanisms, 558
treatment, 559

Gastrointestinal disease, elderly
biliary, 310–311
esophagus, 301–304
gallstone pathogenesis

cholesterol, 311–312
lithogenic factors, 312–313
pigment stones, 312

large intestine
anatomy, 306
colon, 306–308
physiology, 306

liver, 308–313
pancreas, 313–316
small bowel, 305
stomach, 304–305

GERD. See Gastroesophageal reflux disease
Geriatric

assessment
abnormal clock drawing test, 470
CGA, 469–470
PACE, 470
preoperative TOGA, 470
total length, stay, 470–471

care model objectives
complications risk factors target, 48–49
discharge planning/transitional care, 49
evidence-based interventions, 49
health care providers, education, 47–48
interdisciplinary communication, 49
patient choices and treatment goals, 49
processes and interventions, 48

CGA, 43

hospitalized patients, complications
cognitively impaired, behaviors, 44
delirium (see Delirium)
dementia, 43
fall-related injury, 46
functional decline, 46
inpatient prospective payment system, 45
older surgical patient, 44–45
physical frailty and cognitive impairment, 43–44
pressure ulcers, 46
surgical approaches, 43
under/malnutrition, 46
UTIs, 46–47

models
ACE, 51–52
components, 50–51
consultation service, 49, 51
HELP, 52–53
NICHE, 52

patient population, 476, 480
specialty models, 53
surgery legal aspects  

(see Legal aspects, geriatric surgery)
surgery principles (see Principles)
transitional care models

APNs, 53
coaching/intervention, 53
definition, 53

Geriatric population
aortic stenosis (AS), 401
balloon aortic valvuloplasty (BAV), 401
chronic diseases, 401
EuroSCORE and STS, systems, 401
morbidity and mortality, 401–402

GFR. See Glomerular filtration rate
Glomerular filtration rate (GFR)

vs. age, 380
ageing, 294
bypass, 380
Cockcroft-Gault equation, 379–380
concentrating ability, 297
concomitant reduction, 296
senile decrease, 295

Granulation tissue formation
neovascularization, 266
and remodeling, last phase, 266

H
Hapatic drug

decrease, metabolism, 476
heightened sensitivity, 477
protein binding, 477

Health care costs
CABG, 18–19
“never events” approach, 19–20
“potentially avoidable costs (PACs)”, 19

Health care rationing, elderly, 92–93
Health care reform, 89
Health services for the aged

ACE, 51–52
health care providers education, 47–48
NICHE, 52
transitional care models

APNs, 53
coaching and intervention, 53
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Heart failure
CHF, 167–168, 283
classified, 453
DHF, 171–172
efficacy, CR, 72
functionality loss, myocardium, 265

Heart failure with normal ejection fraction (HFNEF). See Diastolic 
heart failure

Heart transplantation
ACEI and Beta Blockers, 453
“alternate list” strategy, 455
contraindications, 454
coronary bypass/aortic valve replacement surgery, 453–454
destination therapy, 457
donors, 454
factors, 454–455
Heartmate II, 456
inotropic drugs, 453
mortality rates, 453
NYHA and AHA, 453
outcomes, age group, 455
recipient status, 454, 455
REMATCH (see Randomized evaluation of mechanical assistance 

for the treatment of congestive heart failure)
UNOS, APC, 455–456
VAD implantation, 456–457
xenotransplantation, 457

Hematologic disorders
anemia (see Anemia)
coagulation, 213
HIT (see Heparin induced thrombocytopenia)
thrombocytopenia and platelet dysfunction, 215–216
thrombosis, 213–215

Heparin induced thrombocytopenia (HIT)
antibody detection, 216
complications, 216
description, 215, 236
diagnosis, 215
platelet

activation and vesiculation, 215
count, 215–216

thrombosis, 236
warfarin, 216

Heparins
bridging therapy, 232, 237
cardiac catheterization setting, 233
combining agents, 237
DTI, 236–237
fondaparinux, 237
HIT (see Heparin induced thrombocytopenia)
indications, dosing regimens and complications, 234, 235
low molecular weight, 236
thrombin inhibition, 234
unfractionated, 236

Hepatic function, liver
anatomy, 308
“brown atrophy”, 309
hepatectomy, 310
human and rat hepatocytes, 309
LFTs, 309–310
physiology, 308–309

Hiatal hernia. See Paraesophageal hernia
HMG-CoA reductase activity, 313
Hormonal changes, cardiac surgery

adaptive phenomenon or therapeutic targets, 350
adrenal hormones and CABG, 343–348

baseline recovery
adrenal, 349
GH-IGF–1 axis, 349
sex, 349
thyroid, 349

endocrine
GH-IGF–1 changes, 340
hormonal alterations, 339
hypothalamic-pituitary-thyroid and adrenal, 340–341
pituitary-gonadal function changes, men and women, 339–340

non surgical critical illness model, 341
observational studies

CABG, 343
euthyroid sick syndrome, 343
thyroid hormones, 342–343

oxidative stress and inflammation role
CABG, 341–342
pathophysiological mechanisms, 342

thyroid, CABG, 342
T3 intervention studies, CABG, 343
young vs. older population

DHEAS, 348–349
thyroid function, 348

Hormone replacement therapy (HRT), 264–266
Hospice

certification, 122
lung cancer, 129

Hospital elder life program (HELP)
delirium risk factors, 52
geriatric specialists, 52–53

Hospital referral regions (HRRs), 11–12
Host defense, 276
HRT. See Hormone replacement therapy
Human papilloma virus (HPV), 519
Hyponatremia

and hypernatremia, 296–297
senile loop, 297

Hypothermic circulatory arrest, 428
Hypoxia, 267

I
IALT. See International Adjuvant Lung Trial
Idiopathic pulmonary arterial hypertension, 528
Idiopathic pulmonary fibrosis (IPF), 527, 528
Idiopathic thrombocytopenic purpura (ITP)

cardiac bypass, 213
megakaryopoesis and platelet, 213
thrombopoetin (TPO) levels, 212
treatment, 212–213

IGF–1. See Insulin like growth factor–1
Immune thrombocytopenia. See Idiopathic thrombocytopenic purpura
Immunosuppression, 529, 531
Implantable cardioverter defibrillators (ICDs)

clinical trials, 449
death, view, 450
“elderly”, 448–449
health-care resources, 449
ICD therapy, 449
issues, 448
limited prognosis, 449
MADIT-II trial, 449
robust, expensive, 448
SCD-HeFT and COMPANION trials, 449

Inattention, 57, 58
Infarction. See Myocardial infarction
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Infection
age-related changes, 261, 262
chronic, 268
wound closure delay, 262

Inflammation
adaptive mechanism, 345
cardiac surgery, 347
delirium

cytokines and chemokines, 59
IL–6 and IL–10, 59

Inflammatory phase, 260
Informed consent

decisional capacity
environmental factors, older patients, 84
geriatric patient and physician tacit, 83
United States legal system, 83

DPOAs, 85
emergency exception, 85–86
family authority statutes, 85
guardianship/conservatorship

legal proceeding, 84–85
rights deprivation, 85

IEC, 86
patient documentation/surrogate consent, 85
patient’s medical choice information, 83
state common law, 82
surrogate decision making, 84
voluntariness, 83

Inhaled anesthesia. See Anesthesia
Institutional ethics committees (IEC)

description, 86
legal benefits, 86

Instrumental activities of daily living (IADLs), 530
Insulin like growth factor–1 (IGF–1)

aging, 340
cardiac surgery, 347

Insulin-signaling
cardiac aging, 204
mouse mutants

enzyme deficiencies, 201
mutations and genetic manipulation, 202
PAPPA, 201–202

pathway and nutrient intake
dwarf mice, 201
FOXO, 201
IGF–1 binding, 201
sirtuin, 201
TOR, 201

Interagency Registry for Mechanical Circulatory Support 
(INTERMACS), 456–457

Interdisciplinary team, 49–51, 122
International Adjuvant Lung Trial (IALT), 497
International prognosis staging score (IPSS), 211
International Registry of Lung Metastases, 512
Intramural hematoma

atherosclerotic ulcers, 430
thoracic aorta, 433

Intraoperative approaches, thoracic surgery patients
anesthesia, 488
invasive operation

MST, 488
posterolateral thoracotomy, 488
VATS, 488

morbidity and mortality rate
esophageal cancer, 490
lung cancer stages, 490
minor and major complications, 489–490

pneumonectomy, 489
pulmonary and lung resections, 488–489

Intraparenchymal lymph node, 146–147
Intrinsic aging

effects, 262
reduced skin elasticity, 261, 267

Invasive coronary angiogram (ICA), 159
IPF. See Idiopathic pulmonary fibrosis
Iron deficiency

diagnosis, 208
etiology, 208
hemoglobin, 209
oral iron, 208–209

Ischemic coronary disease
cardiac surgery population, elderly

calcification and intimal disease, aorta, 390–391
cognitive dysfunction, 390
creatinine clearance (Ccr), 390
genetic and environmental factors, 389
leukocytosis, 390
mortality rates, 389
physiologic changes, 390

mechanical circulatory assist
LVAD, 396
Thoratec CentriMag, 397

morbidity and mortality, 389
nonsurgical alternatives

atrial arrhythmias incidence, 396
bypass surgery, 395–396
PTCA, 396

operative risk, decrease
aggressive management, 395
anesthetic management, 395
atheromatous/calcific disease, 394
cognitive function, 395
diffuse systemic atherosclerosis, 394
embolization and hypotension, 394
IABP, 395
nephrotoxic drugs, 395
prolonged ventilatory dependence, 395
surgical techniques, improvements, 394

perioperative morbidity and mortality predictors
advanced age, 392
decreased ejection fraction, 391
mitral valve replacement, 392
neurologic complications, 392–393
NYHA functional class, 391–392
octogenarians, 391
urgent/emergent operations, 392

quality of life
indices, satisfaction, 394
KDC and SSI, 393–394
long-term survival, octogenarians, 393
NYHA angina functional class, 393

therapy guidelines, elderly, 397
Ischemic heart disease (IHD)

description, 161
echocardiography

Doppler techniques, 162
LV hypertrophy, 162
“mitral regurgitation”, 164
myocardial contrast, 163–164
stress, 162–163

multislice CT and MRI
coronary arteries, 166
gadolinium, acute/chronic CAD, 167
ischemia and myocardial infarction, 166–167
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stress induced perfusion abnormality, 167
transmural infarction, large apical aneurysm, 168

non-invasive stress testing techniques, 162
risk stratification and long term prognosis  

assessment, 162
SPECT myocardial perfusion imaging

acute myocardial infarction (AMI), 165
cardiovascular events, 164
LV dysfunction, 166
nuclear cardiac, 165–166
perfusion defect, 164

symptomatic/asymptomatic patients, 161–162
Ischemic nephropathy, 296
ITP. See Idiopathic thrombocytopenic purpura
Ivor Lewis esophagectomy (ILE), 543

J
Joint Commission for the Accreditation of Healthcare  

Organizations (JCAHO), 105

K
Karnofsky dependency category (KDC), 393–394
Katz index, disability, 364
Keratinocyte, 260–261
Kommerell diverticulum, 150, 151
Kyphosis

Cobb’s angle, 518
dorsal, 271, 272
spinal deformity, 518
vertebroplasty and kyphoplasty, 518–519
worsened diaphragmatic performance, 271

L
LACE. See Lung adjuvant cisplatin evaluation
Left ventricular assist device (LVAD), 396
Left ventricular ejection fraction (LVEF)

abnormal
ACE inhibitor intolerance, 285
Class I and Class IIa recommendations,  

heart failure symptoms, 285, 286
calcium channel blockers, 285
normal

ACE inhibitor, 286
therapy, heart failure patients, 286

Legal aspects, geriatric surgery
informed consent

decisional capacity, 83–84
DPOAs, 85
emergency exception, 85–86
family authority statutes, 85
guardianship/conservatorship, 84–85
IEC, 86
patient documentation/surrogate consent, 85
patient’s medical choice information, 83
state common law, 82
surrogate decision making, 84
voluntariness, 83

medical malpractice
care duty/standard, 80–81
causation, 82
claims, cardiothoracic surgery patients, 79–80
damage/injury, 81–82
duty breach, 81
wrong-site surgery, 80

LES. See Lower esophageal sphincter
Level of consciousness (LOC), 329
LFTs. See Liver function tests
LH. See Luteinizing hormone
Liability

defendant insurance carrier, 82
vicarious, 81

Life expectancy, 483, 484, 486
Limited resection

NSCLC, 509–510
radioactive, 510
SEER, 506
VATS, 509
wedge/segmentectomy, 510

Lipid management, 69
Litigation, 79, 81
Liver

anatomy
Cantlie’s line, 308
Couinaud nomenclature, 308

biliary
anatomy, 310
function, 310–311

esophagus, 301–303
gallstone pathogenesis

cholesterol, 311–312
classification, 311
lithogenic factors, 312–313
pigment stones, 312
prevalence, 311

hepatic function
anatomy, 308
“brown atrophy”, 309
hepatectomy, 310
human and rat hepatocytes, 309
LFTs, 309–310
physiology, 308–309

large intestine
anatomy, 306
colon, 306–308
physiology, 306

pancreas, 313–316
physiology

enterohepatic circulation, bile acids, 309
toxins, 308–309

small bowel, 305
stomach, 304–305

Liver function tests (LFTs), 309–310
Lobectomy, 509–510
Lower esophageal sphincter (LES)

bolus progression, 302
diaphragmatic crura, 301–302
pressure, 555
stomach, 304

Lung adjuvant cisplatin evaluation (LACE)
cisplatin and vinorelbine, advantage, 500–501
patient benefits, 498
younger and elder patients, benefits, 499–500

Lung allocation score (LAS), 532
Lung cancer

diagnosis, 505
elderly patients, 490
incidence rates, pneumonectomies, 13–15
lymph nodes, 488
metastases, surgical resection

isolated, 512
VATS, 512
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Lung cancer (cont.)
non-small cell, 489
palliative assessment

hospice services, 129
physicians and patients communication, 127–129
“staging procedure”, 129
symptoms, 129

preoperative assessment
cardiac assessment and peri-operative cardiac management, 

507–508
diagnosis and staging, 506–507
functional and performance status, 507
function tests, 506
physical and mental function, 507
postoperative delirium, 507

smoking, 13, 14
surgical resection, 505
thoracoscopic techniques, 505
treatment, 506
VATS, 488

Lung function
decline, 274
loss of, 271

Lung nodule, 146–147
Lung transplantation, elderly

candidates selection
cardiovascular system, 530
geriatric assessment and IADLs, 530
investigations, 530
physiologic stress, 529–530

diagnosis, 527, 528
donors (see Lung transplant donor)
ISHLT, 527, 531
recipients (see Lung transplant recipient)
technical considerations

bilateral lung transplant and CPB, 531
fitness and immunosuppression issues, 531
transverse sternotomy, 531

Lung transplant donor
age, 531–532
allocation, 532
BOS, 532
non-heart beating and brain-dead, 530

Lung transplant recipient
age, survival rate, 528–529
COPD and IPF, 528
CPB, 528
infection and renal dysfunction, 529
rejection episodes, 529
single institution series, 529
single vs. bilateral, 528
UNOS, 529
upper age limit, 527, 528

Lung volume reduction surgery (LVRS), 487
Luteinizing hormone (LH), 339
LVRS. See Lung volume reduction surgery
Lymphoma

diagnosis
biopsy, anterior compartment, 571
palpation, lymph bearing areas, 570

mediastinal
classic “B” symptoms, 577
CT scan, 570, 576, 577
Hodgkin’s lymphoma, 576
NHL and PMBL, 576

and thymoma, 570, 571

M
Macrophage, 260, 262
Malignant effusion

cause, 583–584
MPM (see Malignant pleural mesothelioma)
principles, 585

Malignant pleural mesothelioma (MPM)
description, 585
treatment, 586

Malpractice
care, duty/standard

“due care”, 80
expert witnesses, 80–81
fact-finders, 80
patient’s age, 80

causation
injury, defendant’s negligence, 82
physician’s negligence, 82
surgeon’s error, 82

damage/injury
cardiothoracic surgery, 81
meritorious malpractice claim, 81–82
pecuniary compensatory, 82
punitive/exemplary, 82

duty breach
American tort system, 81
negligence, 81
surgical context, 81
thoracic surgery, 81

wrong-site surgery, 80
Marfan syndromes, 431
Matrix metalloproteinase (MMP), 261
Maximum oxygen consumption (VO

2max
 ),  

276, 284
Maze procedure, 113
Mechanical ventilation

morbidity rate, 484
perioperative care, 489

Mediastinal disease
lymphoma, 576–577
posterior neurogenic tumors, 577
prognosis, 574
staging

advanced thymoma, 573
early thymoma, 572–573
Masaoka system, 572, 575
post induction surgery, 573–574

substernal and intrathoracic goiters, 574–576
thymoma and thymic carcinoma

diagnosis, 570–571
immune disorder, 569
pathology, 571–572

Mediastinal lipomatosis
description, 147
excessive fat, 147

Mediastinitis
long-term adverse effects, 385
occurence, 384
tracheostomy, 384

Mediastinum
aorta and great vessels

aberrant right subclavian artery,  
149–151

atherosclerosis, 148–150
diameter, 147–148
“unfolded”, 148
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mediastinal lipomatosis
description, 147
excessive fat, 147

thymus, 147
Medical decision making, cardiothoracic surgery

contextual features, 98
instructional and agent-based directives, 98
medical indications, 97–98
patient preferences, 98
proxy/surrogate decision maker, 98–99
quality of life, 98

Medicare hospice benefit (MHB), 122, 129
Medications

delirium
cognitively active, 63–64
haloperidol, 63, 64
intraoperative, 61
postoperative, 62
sedative properties, 59

polypharmacy, 245–246
prescription principles, 246, 247

Medulla hypotonicity
mechanisms, 297
senescence, 297

Memory
brain structures, 330
function, 330
recent testing

adequate interference task, 330
word lists, Minneapolis VAMC GRECC,  

330–331
Menopause and hormones

age-impaired, 264
delayed dermal, 264
estrogen reduction, 264
healing patterns, older premenopausal vs.  

postmenopausal women, 265
testosterone levels, men, 265

Mental status examinations
clock drawing and tracking performance methods, 332
MMSE, 331–332
patient significant issues, 332
patients numbers/percentages, 331, 332
recent memory, 332
utility, 331

Mesenchymal tumors, neoplastic disease
clear cell, 520
hamartoma, 520
nerve sheath, leiomyomas, chrondromas  

and lipomas, 520
solitary fibrous, lung, 520

Mesothelioma
MPM (see Malignant pleural mesothelioma)
palliation, surgery, 585

Metabolic equivalents (METs), 468
Metastasectomy, 512
MHB. See Medicare hospice benefit
MI. See Myocardial infarction
Midazolam, 478
Mini-Cog Test, 362
Mini-Nutritional Assessment (MNA) scores, 268
Mitral annular calcification (MAC), 416
Mitral leaflet

edge-to-edge repair, 419
rheumatic disease and ischemic disease, 416

Mitral regurgitation (MR)

CMR
aorta, phase contrast, 177, 179
insufficiency volume, 179–180
interrogation, valve, 179
LV and RV function, 178–179

organic and functional, 177
stages, 416
TTE, 177–178

Mitral stenosis (MS), 176
Mitral valve (MV) disease

assessment
3-D technology, 417–418
MR severity, 417
TTE and TEE, 417

backward blood leaks, 415
diagnosis, 287
fixed pulmonary hypertension, 415
Framingham heart study, 415–416
LA size and volumes, 417
leaflets, 415, 416
lipid deposits breakdown, 287
medical therapy, 418
MR stages, 417
pathophysiology

massive calcific deposits, 416–417
MVP, MR and MAC, 416
rheumatic and ischemic disease causes, 416
type I, II and III leaflet dysfunction, 416

surgery (see Surgery)
Mitral valve repair

annuloplasty ring or posterior band, 419
artificial neochordae implantation, 419
edge to edge, 419
percutaneous annuloplasty, 421
2–0 polyester pledgeted mattress sutures, 421
posterior leaflet tethering, 420
PPM relocation, 419–420

MMC. See Myoelectric migrating complex
MMP. See Matrix metalloproteinase
Morbidity

cardiac, 476, 477
cognitive dysfunction, 477
increased age, 475
respiratory complications, 479

Mortality. See Morbidity
Mortality and morbidity risk

cardiac operations, symptomatic elderly patients, 389
coronary surgical procedures and mitral valve replacement, 

combined, 392
urgent/emergent procedures, 390, 394–395

MST. See Muscle sparing thoracotomy (MST)
Mucosa, 264, 268. See also Aging
Multi system organ failure (MSOF), 459
Muscle flaps

intrathoracic use, serratus anterior, 595
latissimus dorsi, 594
and musculocutaneous flaps, 596
transposition, 591, 596
use, 589

Muscle relaxants, 478
Muscle sparing thoracotomy (MST), 488
MV prolapse (MVP), 416
Myelodysplasia (MDS)

dysplastic changes, 211
IPSS, 211
prevalence, 211
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Myocardial infarction (MI)
blood transfusion, 487
cardiovascular disease, 484
stable angina patient efficacy

comprehensive care programs, 71–72
exercise-based CR, 71
mortality, 71
PCI, 72
pharmacologic agents, 72

Myocardial perfusion imaging (MPI)
exercise/pharmacological stress, 158
indications, 158–159
radio-isotope tracers injection, 158
safety, 158

Myocardial tissue healing
vs. cutaneous, 265
granulation tissue formation, 266
MI incidence, 266
modulators, 265–266
mortality rates, 266
rhythmic cardiac contractions, 266

Myoelectric migrating complex (MMC), 304

N
NASH. See Non-alcoholic steatohepatitis
Nasogastric tube (NGT), 302
National Consensus Project for Quality Palliative Care, 122
National emphysema treatment trial (NETT), 523–524
National Hospital Discharge Survey (NHDS)

description, 7
vs. NIS, 7

National Quality Forum, 122
Nationwide Inpatient Sample (NIS), 7
Negligence

defendant, 82
definition, 82
physician, 82

Neoadjuvant therapy
chemotherapy candidates, 500
clinical trials and metaanalysis, 500

Nervous system
degenerative changes, 477
neuronal loss, cardiovascular reflexes, 477

Neurological changes
central and peripheral nervous system, 321
CN (see Cranial nerves)
coordination, 336
gait, 335–336
involuntary, uncontrolleddiminished movements, 336
motor

bulk, 334
distal extremity strength, 334
DTRs, 335
light touch, 335
position, 335
proximal extremity strength, 334
sensory, 335
tone, 334–335

postural stability, 336
Neutrophil, 260–262, 264
NGT. See Nasogastric tube
Non-alcoholic steatohepatitis (NASH), 315
Non-small cell lung cancer

presentation stages, 509
SCC, 508–509

surgical resection
lobectomy, 510
morbidity and mortality data, 509
VATS, 509

technology
brachytherapy, 510
stereotactic radiosurgery and RFA, 511
VATS lobectomy, 510

treatment
neoadjuvant chemotherapy, 511–512
recommended algorithm, 511
VATS lobectomy and wedge, 511

Non small cell lung cancer (NSCLC), 498, 501
Nonsteroidal antiinflammatory drug (NSAID), 307
Nuclear cardiology

myocardial perfusion imaging
indication, 158–159
safety, 158
technique, 158

positron emission tomography, 165–166
Nurses improving the care of health system elders (NICHE)

ACE model, 52
geriatric resource nurse (GRN), 52
goals, 52

Nursing
homes, 49, 51
life nurse specialist, 52–53

Nutritional evaluation
hormonal replacement therapy, 362
malnutrition, 361–362
mini nutritional assessment (MNA), 362, 363
protein intake, 362

O
Octogenarians, 415–416
Off-pump coronary artery bypass (OPCAB), 379
Open heart surgery, 13
Opioid management

elderly patients, 111–112
epidural administration, 109

Optimization
heart transplant recipients, 396
mortality, urgent/emergent operative procedures,  

394–395
preoperative renal function, 395

Osteophyte, 145
Oxidative stress

cardiothoracic surgery, aging, 204
and inflammation

baseline, 349
CABG, 341–342
off-pump and on-pump procedures, 341

and macromolecular damage
DNA damage, 198–199
nucleic acid bases, 198
reactive oxygen species (ROS), 198
unsaturated fatty acids, 199

Oxygenation, 484, 492

P
Pacemakers

cardiac rhythm device implantation
atrial lead dislodgment, 445
comorbidity, 445
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complication rates, 446
lead perforation, 448
meta-analysis, 445–446
optimal tissue plane selection, 446
PASE trial, 446
pneumothorax, 446, 447
skin erosion, 446
venoplasty, 447, 448
venous obstruction, 447

epidemiology, 443–444
non-accidental falls and carotid sinus hypersensitivity

placebo effect, 445
SAFE PACE, 445
syncope, 444, 445
tilt-table testing, 444
“unexplained”/“recurrent” fallers, 444–445

programming, atrial fibrillation, 450
role, elderly, 444
stroke/thromboembolism, 450
UK-PACE trial, 450

Pain control, 480
Pain management

adequate postthoracotomy, 490–491
algorithm, post-thoracotomy, 491
aspirin and non-steroidals, 250
epidural anesthesia, 491
NSAIDs, 250
opioid analgesics, 251
prophylactic bowel regimens, 251
untreated pain, 490

Pain relief, 491
Palliative care

cardiothoracic surgery, 93
clinical scenario

cardiomyopathy and delirium, 130–132
lung carcinoma, 127–129
post-operative multiple system organ failure,  

125–127
unstable angina/cardiomyopathy, 123–125

definition, 121
in-hospital programs, 122
principles, 122
referral, indications, 122
team, 122
value, 121

Palliative sedation
levels, 93
vs. VSED, 93

Pancreas
anatomy, 313–314
ductal anatomy, 315
elderly vs. younger patients, 316
endocrine function

glucagon, 315
insulin, 314–315
islets of Langerhans, 314
pancreatic polypeptide (PP), 315

exocrine function
acinar cells, 314
aging, 316
secretin, 314
secretion phases, 314

glucagon, 316
insulin resistance, 316
morphologic and physiologic changes, aging, 316
physiology, 314

Pancreatic polypeptide (PP)
deficiency, 315
function, 315

Paraesophageal hernia (PEH)
morbidity, 557
pulmonary function, 557
repair, 557
symptoms, 556–557
types, 556

Paravertebral catheters, 115
Parkinson’s disease (PD), 64, 242, 323, 324, 327, 476, 558
Patient-controlled analgesia (PCA)

advantages and disadvantages, 113
description, 112

PD. See Postoperative delirium
PDT. See Photodynamic therapy
PEG. See Percutaneous gastrostomy
PEH. See Paraesophageal hernia
Penetrating atherosclerotic ulcer, 430
Percutaneous gastrostomy (PEG), 547
Percutaneous transluminal coronary intervention (PTCI), 18
Pericardial effusion

electrical alternation, 440
pericardiocentesis, 441
post-cardiac surgery, 441
signs, 440
subxiphoid pericardiostomy, 441
treatment, 440–441

Pericardial neoplasm, 441
Pericardiectomy

acute pericarditis, complications, 438
radical, surgical treatment, 440
subxiphoid/VATS, 441

Pericardiocentesis
fluid evaluation, 438
mechanism, 441
ultrasound-guided, 440

Pericarditis, geriatrics
acute

diagnosis and complications, 438
etiology, 438
treatment and fluid evaluation, 438

anatomy
inferior and anterior parietal pericardium, 437
serous fluid, 437
visceral, serosal layer, 437

constrictive (see Constrictive pericarditis)
effusion and acute cardiac tamponade

electrical alternation, 440
pericardiocentesis, 441
post-cardiac surgery, 441
signs, 440
subxiphoid pericardiostomy, 441
treatment, 440–441

neoplasms, 441
physiology

compensatory mechanisms, 438
functions, 437

postcardiac surgery, 441
Pericardium

anatomy, 437
mechanical functions, 437–438

Perifissural nodules (PFNs), 146–147
Peri-operative risk, 361
Peripheral arterial disease, 287
Periventriculiar white matter hyperintensities (PVHs), 302
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PET. See Positron emission tomography
PFTs. See Pulmonary function tests
Phagocytosis, 260, 264
Pharmacokinetics

age-related physiologic changes, 242
aztreonam, 253
carbapenems, 253
definition, 241

Philosophy of medicine, 92–93
Photodynamic therapy (PDT)

malignant cells, 549
photosensitizing agent, 549
premalignant disease, 542

Phrenoesophageal swallow mechanism, 302–303
Physical activity, CR, 69
Physician-assisted suicide (PAS), 94
Physiology

biliary, 310
esophagus, 302
large intestine, 306
liver, 308–309
pancreas, 314
and risk factors

cardiovascular, 476
hapatic, drug, 476–477
nervous system, 477
pulmonary, 476
renal, 477

small bowel, 305
stomach, 304

Pleural disease
air-pneumothorax

ACCP guidelines, 581
classification and causes, 581, 582
COPD, 581
pneumothoraces management, 582
recurrence, COPD patients, 581–582
secondary spontaneous, 582

chronic drainage, indwelling catheters, 585
description, 581
fluid effusions

classification, 582, 583
management principles, 582–583

malignant effusions
dyspnea causes, 584
lung carcinoma, 583–584
pleurodesis, 584
therapeutic thoracentesis, 584

pleurodesis methods
sclerosing agent, 584–585
VATS, 585

space infections
anesthetic risks, 583
imaging, 583
parapneumonic effusions, 583
posterior empyema, 583

tumors
MPM, 585, 586
role, surgery, 585–586
SFP, 585

Pleural effusion, rheumatoid
nodules, 522
treatment, 522–523

Pneumococcal polysaccharide vaccine (PPV), 521
Pneumonia

AF patients, 486
atelectasis, 521

blood transfusions, 487
conjugate vaccine, 521
morbidity rate, 484
postoperative, 479–480
PPV, 521
Streptococcus pneumonia, 521
symptoms, 521

Pneumothorax
ACCP guidelines, 581
classification and causes, 581–582
COPD, 581
pneumothoraces management, 582
recurrence, COPD patients, 581
secondary spontaneous, 582

POCD. See Postoperative cognitive decline
Polypharmacy, surgical patients

adverse drug reactions, 245
cardiothoracic surgeons, 245
comorbidity, 245
drug interactions, elderly, 246
medication management, 245
prescription medications, 245

Positioning, 478
Positron emission tomography (PET)

metabolic activity, 540
occult metastatic disease, 540
preoperative staging evaluation, 540

Posterior mediastinal neurogenic tumor
CT scans, 569
magnetic resonance (MR), 577
neurilemoma/neurofibroma, 577

Post-operative
cognitive dysfunction, 477, 480
neuropathies, 478
pulmonary complications, 476

Post-operative cardiac imaging
CT, bypass grafts, 188
LV function, 184
pericardial constriction

CMR, 185, 187, 188
echo/Doppler evaluation, 185
MDCT, 185

pericardial effusion and cardiac tamponade, 184–185
pre-operative planning, redo surgery, 188–189

Postoperative cognitive decline (POCD), 480
Postoperative cognitive disorder (POCD), 492
Postoperative cognitive dysfunction (POCD)

benzodiazepines and anticholinergics, 374–375
vs. delirium, 58
delirium patients, 374

Postoperative delirium (PD)
characterization and incidence, 491–492
vs. POCD, 492
treatment, 492

PP. See Pancreatic polypeptide
Pregnancy-associated plasma protein A (PAPPA), 201–202
Prejudice. See Ageism, geriatric surgery
Preoperative

antibiotics, 30–31
hypovolemia, 32
nutritional state, 31–32
pulmonary problems, 30
test, 30
value, cardiac function, 30

Preoperative assessment, lung cancer
cardiac assessment and peri-operative management, 507–508
diagnosis and staging, 506–507
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functional and performance status, 507
function tests, 508
physical and mental function, 507
postoperative delirium, 507

Preoperative assessment of cancer in the elderly (PACE), 470
Preoperative evaluation

cardiac surgery patient
delirium, 362, 364
directives/medical proxy, 364–365
disability, 364
nutritional evaluation, 361–363
physiologic response, 361
United States population, 361

thoracic surgery
aging, 465
CGA, 465
fit older adult, 465, 466
geriatric assessment, 469–471
indications, geriatrics, 465–466
informed consent, 469
physiologic assessment, risk and evaluation, 467–469
prevalence, 455

Principles
emergency surgery, 32
intraoperative and perioperative details

complications, after cardiac surgery, 33
lung resection, 33
meticulous surgical technique, 32–33
pancreatic resection, 32

organ system reserve lack, 28–29
patient’s age, scientific fact, 33–37
preoperative preparation, 29–32
surgical problems, clinical presentation

appendicitis, 26
biliary tract disease, 27
gastroesophageal reflux disease, 27
head and neck disease, 27
hypotension and tachycardia, 27–28
peptic ulcer disease, 27

Proliferative phase, 260
Propofol, 478
Prosthetic valves

bioprosthetic valve, 230
mechanical valve, 230
warfarin anticoagulation, 230

Proximal isovelocity surface area (PISA) method, 178
Psychoactive medications, 248
Pulmonary

Parkinson’s disease, 476
ventilation perfusion mismatching, 476

Pulmonary artery catheter
clinical use, 370
monitoring, 370

Pulmonary carcinoid, 512
Pulmonary changes, elderly

airways and lung parenchyma
senescence accelerated murine model (SAM mice), 272–273
“senile emphysema”, 272
terminal bronchioles, 273

chest wall mechanics and respiratory muscle performance
diaphragm, 271–272
dorsal kyphosis, 271
MIP and MEP, 272

gas exchange and ventilation, 273
lung

exercise capacity, alterations, 276
forced spirometry, 274

gas transfer measurements, 275–276
host defense mechanisms, 276
pulmonary function testing, 274
volumes, aging, 274–275

vasculature
mechanisms, 273
systolic pulmonary artery systolic pressure, 274

Pulmonary function tests (PFTs), 506, 508, 542
Pulmonary risk

aging factor, 467
COPD, 467
CPET, 468
incentive spirometry, 467
spirometry, 467–468

Pulmonary surgery, malignant disease
carcinoids, 512
lung cancer (see Lung cancer)
non-small cell lung cancer (see Non-small cell lung cancer)
patient medical history, 506
postoperative care, 512–513
preoperative evaluation

cardiac assessment and peri-operative management,  
507–508

diagnosis and staging, 506–507
functional and performance status, 507
function tests, 508
physical and mental function, 507
postoperative delirium, 507

PVHs. See Periventriculiar white matter hyperintensities

Q
Quality of life

cerebrovascular accident (CVA), 365
decision-making process, 397
geriatric patients, cardiac operations, 361
ischemic coronary disease

indices, satisfaction, 394
KDC and SSI, 393–394
long-term survival, octogenarians, 393
NYHA angina functional class, 393

valvular/coronary surgery, 365

R
Radiofrequency ablation (RFA), 511, 542
Randomized evaluation of mechanical assistance for the  

treatment of congestive heart failure (REMATCH)
certification, 459
description, 457
destination therapy, patient selection

CVP and MSOF, 459
LVAD, 458
RV failure, 459

devices, 457–458
Heartmate II destination trial

endpoint, 458
outcomes, 458
transplant ineligibility, 458

Heartmate XVE, 458
Kaplan–Meier analysis, survival, 457

Re-epithelialization, 264
Remifentanil, tab 35.2, 478
Remodeling phase

MMPs and TIMPs, 261
scarring, 260–261

Renal. See Physiology
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Renal changes
medulla hypotonicity, 297
nephrogeriatric giants and clinical  

consequences, 293, 294
senile hypofiltration, 293–295
tubular

dysfunction, 296–297
frailty, 297–298

urinary obstruction
clinical consequences, 298
prostatic hypertrophy, 298

vascular (see Renal vascular changes)
Renal failure

acute, 297
renovascular disease, 296

Renal vascular changes
kidney ageing characteristics, 295
mechanisms, 295
pathological entities, 296

Replacement, mitral valve
annulo-ventricular continuity, 418–419
vs. repair, 422, 423
subvalvular apparatus, 418

Reserve, organ system
abdomen, 29
functional, 28
left ventricular functional, 29
lung cancer, pulmonary lobectomy, 28
video-assisted thoracic surgery, 28–29

Residual volume (RV), 274
Resistance training

vs. aerobic exercise, 69
CR, 71
elderly patient, CR, 74

Respiratory muscles
changes

aging, 271
maximal inspiratory pressure (MIP), 272

lung elastic recoil pressure, 274
Reticular activating system (RAS), 329
RFA. See Radiofrequency ablation
Rheumatic heart disease, 13
Rheumatoid arthritis (RA), 522–523
Rib fractures

BCT, 134–136
computed tomography (CT), 135
deaths proportion, 135
flail chest, 136
impact, 136
incidence, 134
MOI, MVCs, 134–135
mortality, 136
pain management

complication, 136
epidural anesthesia and catheters, 137
intravenous narcotics and  

non-narcotics, 137
vs. pneumonia, 137

Ribs
autogenous tissue, 592
chest wall defect, 591
chest wall resections, 596
sternectomy/resection, 592

Risk assessment, 484
Risk-benefit ratio, 492
Risk factors. See Physiology

S
Scarring, 260–261
Sedative/hypnotics

disturbed sleep, 250
short-acting agents, 250

SEER. See Surveillance, epidemiology and end results
Senile emphysema, 272
Senile hypofiltration

aglomerular circulation, 293, 294
clinical consequences, 295
creatinine, 294, 295
GFR, 294, 296
glomerular sclerosis, 293
mechanisms, 294, 295

Sex hormone binding globulin (SHBG), 347
Side effects

antibiotics, 254
antidepressants, 249
antipsychotics, insomnia treatment, 248
clostridium difficile associated diarrhea (CDAD), 254
linezolid, 254
precautions, minimization, 249

Sleeve resection, 610
Small airways

airspaces, elasticity and enlargement, 273
obstruction, 274

Small bowel
aging, 305
anatomy, 305
physiology, 305

Small-cell lung cancer (SCLC), 505
Smoking cessation, 69
Social support index (SSI), 394
Society of Thoracic Surgeons (STS)

databases, 546
esophagectomy, 546

Solitary fibrous tumor (SFP), 585
Southwest Oncology Group (SWOG), 500
Speech

CN, 334
neurologists, 331

Spirometry, forced
aging, 274
flow-volume loop, 274
volume-time curve and flow-volume loop, 275

Squamous cell carcinoma (SCC), 508–509
Staging

early thymoma
median sternotomy approach, 572
parietal and visceral pleura, 572
stage I and stage II, 572–573
WHO histology, 572, 573, 575

operable advanced thymoma
chemotherapy, PAC regimen, 573
CT-imaging, 573

Statutes
DPOA, 85
family authority, 85

Stent graft (SG), 138–139
Sternum

chest wall resections, 596
rectus abdominis muscle flap, 595–596
skeletal defects, 593

Stomach
anatomy, 304
carcinogenesis, gastric, 305
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gastric acid secretion, 304–305
gastric emptying, 305
physiology, 304

Stress
concomitant risk factors, 268
delay healing, 267
oxidative, altered regulation, 266

Stroke
cardiac output exercise, 284
left ventricle, 280
volume index, 284

STS. See Society of Thoracic Surgeons
Subpleural reticulation, 143
Substernal goiter

eutyroid, 575
and intrathoracic

CT scans, 575, 576
symptoms and signs, 574
thyroid enlargement, 574

removal
cervical collar incision, 575
tracheomalacia problem, 576

Surgery
cardiac death, freedom, 423, 424
mitral repair vs. replacement, 422
outcomes, 422–423
survival, 423
techniques

mitral valve repair (see Mitral valve repair)
mitral valve replacement, 418–419

treatment
CABG, 418
pulmonary hypertension, 418

Surgical palliative care
lung carcinoma, 127–129
unstable angina/cardiomyopathy, 123–125

Surrogate decision, 98–99
Surveillance, epidemiology and end results (SEER)

esophageal cancer, 535, 536
SEER-Medicare database, 546

SWOG. See Southwest Oncology Group
Symptom management, pain and non-pain, 122
Syndrome of imminent demise, 130–132

T
Target of rapamycin (TOR), 201
TAVI. See Transcatheter aortic valve implantation
Technological imperative, 102
Technology, non-small cell lung cancer

brachytherapy, 510
stereotactic radiosurgery and RFA, 511
VATS lobectomy, 510

Telomere function, cell proliferation
absence, 200
length and activity, 200
lymphocyte DNA, 200
and stem cells, 200
telomerase, 199–200

Temperature regulation, 477
Tensile strength, 262, 266
Testosterone

aging, 339
anemia, 350
CABG, 349
different response, 341

FSH vs. LH, 347
men, 339
serum levels, 345
sex hormone, 349
young vs.older population, 348

THE. See Transhiatal esophagectomy
Thoracic

osteopenia, 134
trauma, 133
vertebral fractures, 137

Thoracic anesthesia
anesthetic management, 480
comorbidity, 478–479
narcotics, 478
pain control and delirium, 480
physiologic stress, 475
physiology and risk factors

cardiovascular, 476
hepatic, 476–477
nervous system, 477
pulmonary, 476
renal, 477

positioning, 478
surgical population

best approach, 479
VATS, 480
ventricular ejection fraction, 479

Thoracic aortic disease, geriatrics
aneurysmal disease

ascending aorta and aortic arch, 428–429
atherosclerotic ulcers, 430
descending and thoracoabdominal aorta, 429–430

aortic dissection syndromes
acute type A, 431–432
acute type B, 432–433
intramural hematoma, 433

cardiovascular surgery, 427
endovascular treatment

comorbid conditions, 433
meta-and population-based analysis, 433
morbidity and mortality, risk, 433
survival analysis, 433–434
use, 433–434

palliative care, 434
Thoracic disease, benign. See Benign thoracic  

disease, elderly
Thoracic oncology geriatric assessment (TOGA)

composition, 471
preoperative, 470

Thoracic paravertebral block (TPVB), 114
Thoracic surgery patients

cardiac evaluation
AF, arrhythmia, 486
blood transfusions, 487
preexisting CHF, 487
rate control and anticoagulation, 486–487

cardiovascular physiology
CHF and cardiac output, 484
endothelial damage and ventricular  

hypertrophy, 484
MI and MI-related deaths, 484

health care costs, 492
intraoperative approaches

anesthesia, 488
invasive operation, 488
morbidity and mortality rate, 488–490
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Thoracic surgery patients (cont.)
neurocognitive dysfunction

PD, 491–492
POCD, 492

pain management
awareness, physiologic changes, 490
medication, 490
post-thoracotomy pain control algorithm, 490–491

preoperative assessment
comorbidities, 486
morbidity and mortality, albumin level, 486

pulmonary evaluation
FEV

1
, pulmonary function test, 487

LVRS and rehabilitation program, 487
smoking cessation and exercise tolerance, 487

pulmonary physiology
ARDS, 485
complications and changes, 484
oxygenation and COPD, 484–485
pain association, 485
survival declination, ARDS, 485

renal physiology
ARF and glomerulosclerosis, 485
avoidance, acute kidney injury, 486
GFR, 485–486
morphologic and physiologic changes, 485, 486

risk–benefit ratio, 492
surgeons role, 483–484
U.S. Census Bureau, elderly population estimation, 483

Thoracotomy
ACOSOG Z0030 study, 507
lobectomy, 508
MST (see Muscle sparing thoracotomy (MST))
posterolateral, 488
post-thoracotomy pain control algorithm, 491
vs. VATS, 488

Thrombocytopenia
acute, 211–212
ITP (see Idiopathic thrombocytopenic purpura)
medications, 212

Thrombosis
DVT, 214–215
VTE (see Venous thromboembolism)

Thymoma
staging, 572–574
survival after resection, 575
and thymic carcinoma

description, 569
diagnosis, 570–571
mediastinal neoplasm, 569
myasthenia gravis, 569
neoplastic cell and differentiation, 571
pathology, 571

WHO classification, 571–572
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description, 147
normal, 148
puberty, 147

Thyroid
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baseline recovery, 349
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T3 levels, 342–343

TIMP. See Matrix metalloproteinase
Tissue inhibitor of matrix metalloproteinase (TIMP).  

See Matrix metalloproteinase

TOR. See Target of rapamycin
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acquired airway esophageal fistulae
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airway
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reconstruction, 607–608
extrinsic compression, 603
pathology, 599–600
stents, 605

anatomy
blood supply, 599
length, 599
position, 599

anesthesia
induction, 604
tracheal resection, 604

and bronchial neoplasms
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jet ventilation, 609
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mortality, 609
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mortality and morbidity, 610
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Tracheal resection
anesthesia, 604
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Tracheal stenosis
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post-intubation and idiopathic, 602

Tracheoesophageal fistula
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TRAM flap. See Transverse rectus abdominis  
musculocutaneous flap
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esophagogastric junction, 543
regional lymph nodes, 537
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cardiac function assessment, 184
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effusions detection, 184
pericardial thickness, 185
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chest wall involvement and reconstruction, 594
lower sternal wounds, 595

Trauma, thorax, 133
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clinical consequences, 297
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sodium
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dual effect, 296
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AKI, 297
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senile, mechanism, 298

Urinary tract infection (UTIs)
catheter, 46–47
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V
VA. See Veterans Affairs
Valvular heart disease (VHD)

AS (see Aortic stenosis)
AR (see Aortic regurgitation)
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diagnosis, 174
Doppler, 174
etiology, 13
MS, 176
novel valve imaging applications, 180
prosthetic valves

Doppler evaluation, 180–181
symptoms, 181–182
TEE and MDCT, 182–184

surgical therapy, 174
Vascular stiffness, 280
VATS. See Video-assisted thoracoscopic surgery
Venous thromboembolism (VTE)

incidence and risk factors, 213–214
risk, 215
treatment, 214–215

Ventricular assist device (VAD)
ACEI/Beta blockers intolerance, 456
INTERMACS report, 456, 457
risk, hazard ratio (HR), 456–457

Veterans Affairs (VA), 546
Viability

CAD and LV dysfunction, 165–166
CMR, 170–171
IHD, 162–163
nuclear and ECHO, 169–170

Video-assisted pulmonary lobectomy, 28–29
Video-assisted thoracoscopic surgery (VATS)

benefits, 488
vs. conventional thoracotomy, 488
definition, 509
lobectomy, 510
pulmonary metastasectomy, resection, 512

Visual field (VF)
comment, 333
normal and abnormal, 333
procedure, 332–333
rationale, 332
testing, 333

Vital capacity (VC)
forced vital capacity (FVC), 274
RV, 274

W
Warfarin

oral, 237
treatment duration, DVT, 233
VTE prophylaxis, 231

Wound healing in elderly
age-associated healing, 259, 263
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Wound healing in elderly (cont.)
aging skin, 261
angiogenesis and tissue oxygenation, 267
bone repair, 266
clinical implications

age related tissue changes, 267
MNA score, 268
risk factors, delayed healing, 267–268
skin morphology and immune  

function, 267
vascularization, 267

lung fibrosis, 266

menopause and hormones, 264–265
mucosal tissue and aging, 262–264
myocardial tissue healing, 265–266
scar formation, 265
stages

inflammatory phase, 260
proliferative phase, 260
remodeling phase, 260–261
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Zenker diverticulum, 564–565
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